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SYNOPSIS 

Name of Sponsor/Company:  Alnylam Pharmaceuticals, Inc. 

Name of Investigational Product:  ALN-AS1  

Name of Active Ingredient:  ALN-60519 

Title of Study:  A Phase 1, Single-ascending Dose, Multiple-ascending Dose, and Multi-dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously Administered 
ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

Study Center(s):  This study will be conducted at up to 6 study centers in the European Union (EU) 
and United States of America (USA). 

Phase of Development: 1 

Objectives:  
Primary: 
• To evaluate the safety and tolerability of ALN-AS1 in AIP patients  
Secondary: 
• To characterize the pharmacokinetics (PK) of ALN-AS1 in AIP patients who are asymptomatic 

high excreters (ASHE) and in AIP patients who experience recurrent attacks 
• To assess the pharmacodynamic (PD) effect of ALN-AS1 on plasma and urine levels of delta 

aminolevulinic acid (ALA) and porphobilinogen (PBG) in AIP patients who are ASHE and in AIP 
patients who experience recurrent attacks 

Exploratory 
• To assess the effect of ALN-AS1 on number of attacks, hematin and pain medication use, and 

number and duration of hospitalizations in AIP patients who experience recurrent attacks 
• To assess additional analytes in AIP patients who are ASHE and in AIP patients who experience 

recurrent attacks 

Methodology:  This study is designed to evaluate the safety, tolerability, PK, and PD of ALN-AS1 in a 
randomized, single-blind, placebo-controlled manner in AIP patients who are ASHE, and in an 
open-label manner in AIP patients who experience recurrent attacks.  The clinical activity of ALN-AS1 
in AIP patients who experience recurrent attacks will also be explored.  The study will be conducted in 
3 parts:  a placebo-controlled single-ascending dose (SAD) phase in AIP patients who are ASHE 
(Part A); a placebo-controlled multiple-ascending dose (MAD) phase in AIP patients who are ASHE 
(Part B); and an open-label multi-dose (MD) phase in AIP patients who experience recurrent attacks 
(Part C).  
A Safety Review Committee (SRC) will perform ongoing reviews of safety, tolerability, and available 
PD data at predefined decision points or upon the occurrence of potential dose-limiting toxicities 
(DLTs) to ensure the acceptability of continued dosing, and/or dose escalation to subsequent cohorts, 
and/or the need for optional cohorts, and/or the transition from Part A to Part B, and from Part B to the 
Treatment period of Part C.  Additional ad hoc SRC meetings may take place to discuss time-sensitive 
safety issues as needed.   
Part A:  Single-ascending Dose Phase 
Part A (SAD phase) is designed to assess single-ascending doses of ALN-AS1.  Up to 16 ASHE 
patients will be dosed in 4 cohorts.  Each cohort will be comprised of 4 patients randomized 3:1 to 
receive a subcutaneous (SC) dose of ALN-AS1 or placebo.  Part A is single-blind, and only patients 
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will be blinded to treatment.  A sentinel strategy will be employed for the first 2 patients of every new 
dose level to ensure that only 1 patient receives active drug at each new dose level (1 active: 
1 placebo).  If the dose is deemed safe and tolerable and no DLTs are observed, the same dose will be 
administered to the remaining 2 patients in that cohort, at least 4 days after dosing the sentinel group.  
All patients will be followed for safety, tolerability, PK, and PD assessments through approximately 
42 days following study drug administration. 
Part B:  Multiple-ascending Dose Phase 
Part B (MAD phase) is designed to assess multiple-ascending doses of ALN-AS1.  Up to 8 ASHE 
patients will be dosed in 2 cohorts.  Each cohort will be comprised of 4 patients randomized 3:1 to 
receive an SC dose of ALN-AS1 or placebo once weekly for 4 weeks for a total of 5 doses.  Part B is 
single-blind, and only patients will be blinded to treatment.  Patients will be followed for safety, 
tolerability, PK, and PD assessments through approximately 42 days following the last dose. 
Parts A and B: 
In both Part A (SAD phase) and Part B (MAD phase), patients will be screened to confirm eligibility 
before administration of study drug.  Patients enrolled in Part A will be admitted to the study center for 
predose assessments on the day before dosing or in the morning of Day 0 and discharged from the 
study center after completing the 24-hour postdose assessments.  Patients enrolled in Part B will be 
admitted to the study center for predose assessments the day before or in the morning of Days 0 and 28 
and will remain at the study center until they complete the 24-hour postdose assessments on those days.  
In both study parts, patients will return to the study center for weekly assessments; certain study visits 
may be replaced by at-home assessments by visiting nurses, at the Investigator’s discretion. 
Patients who complete Part A can participate in Part B if they have signed informed consent for Part B 
and continue to meet eligibility criteria.  Patients rolling over to Part B are not required to complete a 
Screening visit if they completed the end-of-study (EOS) assessments from Part A within 28 days of 
the first scheduled study drug administration in Part B, and if their urine PBG level is >4 mmol/mol 
creatinine (Cr).  Patients in Part B who did not participate in Part A are required to complete all 
Screening visit procedures before enrolling in Part B. 
Based on safety and PD data, up to 4 optional cohorts, each consisting of 4 patients randomized 3:1 to 
receive ALN-AS1 or placebo, may be enrolled in either Part A or Part B (total n=16).  Optional 
cohorts, if enrolled, may: 

• escalate or de-escalate to a lower and/or to an intermediate dose level(s) of ALN-AS1 
administered in Part A or Part B; 

• repeat a dose level if a safety signal in Part A or Part B (not meeting a stopping rule) indicates 
that further dose escalation may affect the safety of the study patients, or to further characterize 
PK or PD markers; 

• evaluate ALN-AS1 dosing in patients with higher urine PBG values (PBG ≥25 mmol/mol Cr), 
or examine an alternate dosing frequency (eg, every 2 weeks) or regimen (eg, higher initial 
dose followed by lower weekly maintenance dose).   

Part C :  Multi-dose Phase 
Part C (MD phase) is an open-label phase designed to assess multiple doses of ALN-AS1 in AIP 
patients who experience recurrent acute attacks of porphyria.  Up to 4 patients will be dosed initially, 
with an option to dose up to 4 additional patients using the same or a different dose level/dosing 
regimen.  Patients will be screened to confirm eligibility before the start of a Run-in period, during 
which patients will report to the study center to capture information about porphyria medical history, 
symptoms, and attacks; certain study visits may be replaced by at-home assessments by visiting nurses 
or by phone calls, at the Investigator’s discretion.  The Run-in period will be a minimum of 4 weeks, 
but may last up to 24 weeks to enable the completion of dosing in Part B and the selection of the 
appropriate dosing regimen(s) for the Treatment period of Part C.   
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Up to 4 patients will be dosed initially, with an option to dose up to 4 additional patients using the 
same or a different dose level/dosing regimen.  Patients will receive an open-label SC dose of 
ALN-AS1 once weekly for 12 weeks for a total of 13 doses, starting on Day 0.  Patients will be 
admitted to the study center for predose assessments in the morning of Days 0 and 84 and will remain 
at the study center until they complete the 24-hour postdose assessments on those days.  Patients will 
be followed for safety, tolerability, PK, PD, and clinical activity assessments through approximately 
42 days following the last dose. 
Patients in Part C will be encouraged to report to the study center for clinical care and additional 
assessments if they experience an attack at any time from the first day of the Run-in period through the 
EOS visit. 

Number of Patients (Planned):  Up to 40 AIP patients who are ASHE will be enrolled in this study:  
up to 16 patients will be enrolled in Part A (SAD phase); up to 8 patients will be enrolled in Part B 
(MAD phase); and up to 16 patients may be enrolled in optional cohorts in Part A or Part B .  Up to 8 
patients will be enrolled in Part C (MD phase). 

Diagnosis and Eligibility Criteria for Parts A and B:  Adult male and female AIP patients who are 
ASHE meeting the following eligibility criteria will be enrolled in Part A (SAD phase) and/or Part B 
(MAD phase): 
Inclusion Criteria 

1. Adult male or female patients aged 18 to 65 years inclusive.   
2. Patients with a diagnosis of AIP, defined as a genetic test showing documentation of a mutation 

in the PBG deaminase (PBGD; also called hydroxymethylbilane synthase [HMBS]) gene;   
3. Patients with a urine PBG level >4 mmol/mol Cr, for at least 2 measurements during the 

Screening period.  If urine PBG levels obtained within 12 months of study drug administration 
are available, collection of 1 sample for urine PBG measurement at the Screening visit is 
sufficient.   

4. Patients who do not have clinically significant health concerns as determined by medical 
history, physical examination, and 12-lead electrocardiogram (ECG), and as judged by the 
Investigator; 

5. Women of child-bearing potential (WOCBP) must have a negative pregnancy test, cannot be 
breastfeeding, and must be willing to use a highly effective method of contraception 14 days 
before dosing, throughout study participation, and for 42 days after administration of the last 
dose of study drug.  Women of child-bearing potential who use hormonal contraceptives as a 
method of contraception must also use a barrier method (condom or occlusive cap with 
spermicide); 

6.  Patient, or patient’s legal representative, is able and willing to provide written informed 
consent and the patient is willing to comply with the study requirements.  A patient who 
participates in both Parts A and B must provide consent before participating in each study part. 

Exclusion Criteria 
1. Patients who have experienced an acute porphyria attack (defined as intense abdominal or back 

pain requiring hospitalization, hematin use, treatment consisting of increased carbohydrate 
intake and/or pain medication use) within 6 months of study drug administration; 

2. Patients who have started a new chronic prescription medication treatment regimen within 3 
months of study drug administration;  

3. Patients with any of the following:  alanine aminotransferase (ALT) and/or total bilirubin 
(TBIL) above the upper limit of normal (ULN) confirmed by retest; aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), or gamma glutamyl transpeptidase (GGT) >2 × the ULN 
or above the ULN, confirmed by retest, and considered clinically relevant by the Investigator; 
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4. Patients who have used a gonadotropin-releasing hormone analog within 30 days of study drug 
administration;  

5. Patients who have active serious mental illness, including, but not limited to, schizophrenia, 
bipolar disorder, and severe depression requiring current pharmacological intervention; 

6. Patients with a history of multiple drug allergies or history of allergic reactions to an 
oligonucleotide or to N-acetylgalactosamine (GalNAc); 

7.  Patients with a history of intolerance to SC injections; 
8. Patients with a history of alcoholism and/or drug abuse within 2 years of study drug 

administration; 
9. Patients with chemistry, hematology, and urinalysis safety laboratory test results deemed 

clinically significant by the Investigator; 
10. Patients with known hepatitis C virus (HCV) or human immunodeficiency virus (HIV) 

infection; or evidence of current or chronic hepatitis B (HBV) infection;  
11. Patients who have received an investigational agent within 3 months before administration of 

study drug or who are in follow-up of another clinical study of an investigational agent at the 
time of study drug administration; note: this criterion does not apply to patients in Part A 
rolling over to Part B. 

12. Any condition (eg, medical concern), which in the opinion of the Investigator, would make the 
patient unsuitable for enrollment or could interfere with the patient’s participation in, or 
completion of, the study. 

Note:  For patients rolling over from Part A to Part B, eligibility for Part B may be based on Part A 
EOS assessments, since patients are not required to complete a Screening visit for Part B if they have 
completed all Part A EOS assessments within 28 days of planned study drug administration in Part B 
and have a urine PBG level >4 mmol/mol Cr. 

Diagnosis and Eligibility Criteria for Part C:  Adult male and female patients with AIP who 
experience recurrent attacks of porphyria and who meet the following eligibility criteria can participate 
in Part C of this study: 
Inclusion Criteria 

1. Adult male or female patients aged 18 to 65 years inclusive; 
2. Patients with a diagnosis of AIP, defined as a genetic test showing documentation of a mutation 

in the PBGD (also called HMBS) gene; 
3. Patients who have recurrent porphyria attacks defined as 1 of the following: 

• Patient experienced a porphyria attack (defined as intense abdominal or back pain requiring 
hospitalization, hematin use, treatment consisting of increased carbohydrate intake and/or 
pain medication use) at least 2 times during the 6 months before initiation of the Run-in 
period; 

• Patient is on a scheduled regimen of hematin to prevent porphyria attacks at the start of the 
Run-in period and has experienced at least 1 porphyria attack (requiring unscheduled 
hematin or opiate use) during the 6 months before initiation of the Run-in period and is 
willing to stop scheduled hematin use during the Run-in and Treatment periods; 

4. Patients are willing to mail urine samples collected during an attack if they are not being 
treated at the study center;  

5. Women of child-bearing potential must have a negative pregnancy test, cannot be 
breastfeeding, and must be willing to use a highly effective method of contraception 14 days 
before dosing, throughout study participation, and for 42 days after administration of the last 
dose of study drug.  Women of child-bearing potential who use hormonal contraceptives as a 
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method of contraception must also use a barrier method (condom or occlusive cap with 
spermicide); 

6. Patient, or patient’s legal representative, is able and willing to provide written informed 
consent and the patient is willing to comply with the study requirements. 

Exclusion Criteria 
1. Patients with any of the following:  ALT and/or TBIL above the ULN, confirmed by retest; 

AST, ALP, or GGT >2 × the ULN or above the ULN, confirmed by retest, and considered 
clinically relevant by the Investigator; 

2. Patients with a history of multiple drug allergies or history of allergic reaction to an 
oligonucleotide or to GalNAc; 

3. Patients with a history of intolerance to SC injection(s); 
4. Patients with a history of alcoholism and/or drug abuse within 2 years of the Screening visit; 
5. Patients with known HCV or HIV infection; or evidence of current or chronic HBV infection; 
6. Patients who have received an investigational agent within 3 months before administration of 

study drug or who are in follow-up of another clinical study of an investigational agent at the 
time of study drug administration;  

7. Any condition (eg, medical concern), which in the opinion of the Investigator, would make the 
patient unsuitable for dosing on Day 0 or could interfere with the patient’s participation in, or 
completion of, the study. 

Investigational Product, Dosage and Mode of Administration:  
Part A:  SAD Phase 
Patients randomized to receive ALN-AS1 will be administered a single, SC injection of ALN-AS1 at 
the following planned cohort dose levels: 

• 0.10 mg/kg 
• 0.35 mg/kg 
• 1.0 mg/kg 
• 2.5 mg/kg 

Doses listed above represent the planned doses for each Part A cohort.  The starting dose will be no 
higher than 0.10 mg/kg, and subsequent doses will be determined by the SRC based on safety and PD 
data reviewed.  Any dose increases above 2.5 mg/kg in Part A will not exceed 2.5-fold the previous 
safe and well-tolerated dose and will require SRC approval.  The highest dose in Part A of the study 
will not exceed 8.5 mg/kg.  The SRC will review a minimum of 4-day postdose safety and available 
PD data from all patients in at least the first 3 Part A dose level cohorts before progression to Part B. 
Part B:  MAD Phase 
Patients randomized to receive ALN-AS1 will be administered ALN-AS1 SC weekly for a total of 
5 doses at the following planned cohort dose levels: 

• 1.0 mg/kg 
• 2.5 mg/kg 

Doses listed above represent the planned doses for each Part B cohort.  Actual doses will be determined 
by the SRC based on safety and PD data obtained from prior dose cohorts in Part A and B.  Doses in 
Part B will be no higher than a dose previously determined to be safe and well tolerated in Part A.   
The SRC will review a minimum of 7-day post last dose safety data as well as available PD data, from 
all patients in the first 2 Part B cohorts, before initiation of dosing in Part C.  The dose(s) selected for 
Part C will be no higher than a dose determined to be safe and well tolerated in Parts A and B. 
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Part C:  MD Phase 
Patients eligible to receive ALN-AS1 will be administered ALN-AS1 SC weekly for a total of 
13 doses.  Up to 2 dose levels/dosing regimens will be selected for Part C based on the safety and PD 
data obtained from Part A and Part B or evolving data from Part C.  The interval between doses will 
not be shorter than 1 week, however it may be increased.   

Reference Therapy, Dosage and Mode of Administration:  In Parts A and B only, placebo will be 
administered.  The site pharmacy will prepare 0.9% saline solution (for SC administration) so that it 
appears identical to doses of ALN-AS1. 

Duration of Treatment:   
Part A:  The planned time on study is up to 70 days (10 weeks) from Screening to study completion 
(up to 28 days of screening and 42 days of study assessments).  
Part B:  The planned time on study is up to 98 days (14 weeks) from Screening to study completion 
(up to 28 days of screening, 28 days of dosing, and 42 days of additional study assessments).  
Patients participating in both Parts A and B sequentially will participate for approximately 140 days 
(20 weeks; approximately 5 months). 
Part C:  The planned time on study is at least 154 days (22 weeks) from initiation of the Run-in period 
to study completion (28 days [4 weeks] for Run-in, 84 days [12 weeks] of dosing, and 42 days of 
additional study assessments); ie, approximately 6 months.  The time on study may be longer (up to 
294 days [42 weeks; 10 months]) if the Run-in period lasts longer (up to 24 weeks allowed).  

Criteria for Evaluation: 
Safety:  The safety of ALN-AS1 will be evaluated by: 

• Assessment of adverse events (AEs) 
• Clinical laboratory safety tests (including, but not limited to, hematology, serum chemistry, 

and urinalysis) 
• Vital sign measurements (blood pressure, heart rate, body temperature, and respiratory 

rate) 
• 12-lead ECG 
• Body weight 
• Physical examinations  
• Concomitant medications 

Pharmacokinetics:  Blood and urine samples will be collected at predefined time points after single 
and multiple doses (as applicable) for determination of ALN-AS1 plasma and urine concentrations 
which will be used for calculation of ALN-AS1 PK parameters.  Exploratory analyses may also be 
conducted to include identification of ALN-AS1 metabolites. 
Pharmacodynamics:  The following biomarkers will be evaluated for assessment of the PD effect(s) 
of ALN-AS1: 

• Plasma and urine PBG levels 
• Plasma and urine ALA levels 

Exploratory:  The following may be assessed: 

• In Part A, Part B, and Part C, the following analytes may be assayed:  

o Total urinary porphyrins 
o Serum and/or urinary 5-aminolevulinic acid synthase (ALAS1) messenger ribonucleic 
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acid (mRNA) using a circulating extracellular RNA detection (cERD) assay 
o Other serum or plasma exploratory biomarkers related to the expression of 

hepatocyte-derived proteins and/or the induction of ALAS1 
• In Part C only, clinical activity of ALN-AS1 will be assessed by number of porphyria 

attacks, hematin and pain medication use, and number and duration of hospitalization(s). 

Statistical Methods:  Statistical analyses will be primarily descriptive in nature.  Data from Parts A, B, 
and C will be analyzed separately but some analyses may be performed on pooled data.  Summary 
tables will present results by treatment group.  Adverse event summaries will include tabulations of all 
treatment-emergent adverse events (TEAEs), TEAEs by maximum severity, and TEAEs by 
relationship to study drug.   
By-patient listings will be provided for deaths, serious AEs (SAEs), DLTs, and events leading to 
discontinuation of treatment.  Laboratory parameter shifts from baseline to low or high post-baseline 
values will be presented.  Mean laboratory values over time will be plotted by dose group.  Descriptive 
statistics will be provided for clinical laboratory data and vital signs.  ECG and physical examination 
data will be listed by patient.  
Pharmacokinetic parameters will be derived from the plasma and urine ALN-AS1 concentration data 
by noncompartmental analysis.  Pharmacokinetic parameters will be listed for each patient and each 
treatment, along with summary statistics including arithmetic and geometric means, standard 
deviations, minimum, maximum and median values, and coefficients of variation, where appropriate.  
Pharmacokinetic data will also be displayed graphically, as appropriate.  Exploratory analyses on the 
relationship between PK, PD, and safety data may be investigated.  
Pharmacodynamic data from all study phases, including PBG and ALA levels, will be assessed 
descriptively whenever possible, and summary statistics will be provided.  Associations between PD 
variables will be explored. 
For Part C, analyses will include a comparison of each patient’s hematin and pain medication usage 
and number of attacks in the Treatment period versus the Run-in period.   
Additional exploratory analyses may be conducted on ALAS1 mRNA and other exploratory 
biomarkers related to the expression of hepatocyte-derived proteins and/or the induction of ALAS1. 
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Table 1:   Schedule of Assessments – Part A:  Single-ascending Dose Phase 

Procedures Screening 
Perioda 

Inpatient Periodb 
Dischargec 

Outpatient Period EOS/ETe 
Predose Dosing Return Visitsd 

Study Week  W0 W0 W0 W0 W1 W2 W3 W4 W6 

Study Day D-28 to -2 D-1 or D0 D0 D1 D4 D7±2 D14±2 D21±2 D28±2 D42±2 

Informed Consent X          

Demographics X          

Medical History X Xf         

Inclusion/Exclusion X          

Randomization   X        
Pregnancy Testg X X        X 

FSHh and Viral Serologyi X          

Physical Examj X X  X   X  X X 

Body Weight and Heightk X Xk        X 

BMI Calculation X         X 

Vital Signsl X Xl Xl X X X X X X X 

Triplicate 12-lead ECG X X  X      X 

Chem, Hem, and UA X Xm  X X X X X X X 

Cytokines/CRPn   Xn X       

Study Drug Admino   X        

Urine and Plasma PBG and 
ALAp X Xq  Xq X X X X X X X 

Exploratory Biomarkersr X X  X X X X X X X 

Plasma PKs  X X X X X X X X X 
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Procedures Screening 
Perioda 

Inpatient Periodb 
Dischargec 

Outpatient Period EOS/ETe 
Predose Dosing Return Visitsd 

Study Week  W0 W0 W0 W0 W1 W2 W3 W4 W6 

Study Day D-28 to -2 D-1 or D0 D0 D1 D4 D7±2 D14±2 D21±2 D28±2 D42±2 

Urine PKt  X X X X X X X X X 

Concomitant Meds X---------------------------------------------------------------------------------------------------------------------------------------------------------X 

Review/Record AEsu  X---------------------------------------------------------------------------------------------------------------------------X 

Abbreviations:  Admin = administration; AE = adverse events; ALA = delta-aminolevulinic acid; BMI = body mass index; Chem = serum chemistry; CRP = C-reactive 
protein; D = day; ECG = electrocardiogram; EOS = end-of-study; ET = early termination; FSH = follicle-stimulating hormone; HBsAb = hepatitis B surface antibody; 
HBsAg = hepatitis B surface antigen; HCV = hepatitis C virus; Hem = hematology; HIV =  human immunodeficiency virus; Meds = medications; 
PBG = porphobilinogen; Physical Exam = physical examination; PK = pharmacokinetics; SAD = single-ascending dose; SC = subcutaneously; TEAE = treatment-
emergent adverse event; UA = urinalysis; W= week. 

 
a. The Screening period consists of up to2 separate visits between Days -28 and -2, with a main “Screening visit” and a return visit (if applicable) to confirm 

levels of urine PBG. 
b. Patients will be admitted to the study center on Day -1 or the morning of Day 0 for dosing and remain at the study center for at least 24 hours following 

dosing.  The inpatient period may be prolonged for reasons of operational efficiency, or if it is considered clinically necessary by the Investigator on an 
individual patient-by-patient basis, and/or if the SRC considers it necessary for determining safety and tolerability for upcoming dose levels/patients. 

c. Patients will be discharged from the study center following completion of all Day 1 assessments. 
d. Certain study visits may be replaced by at-home assessments by visiting nurses, at the Investigator’s discretion. 
e. If a patient withdraws or is discontinued before Day 42, then ET assessments should be performed. 
f. Interval medical history only; changes in medical history following dosing on Day 0 will be captured as TEAE(s) or concomitant medication(s), as 

appropriate. 
g. For females of childbearing potential only.  Additional pregnancy tests may be performed during the study at the Investigator’s discretion. 
h. For postmenopausal females only. 
i. Serology includes hepatitis B surface antibody (HBsAb), hepatitis B surface antigen (HBsAg), anti-hepatitis C virus (HCV) antibody , and human 

immunodeficiency virus I and II (HIV I and II). 
j. A full physical examination will be performed at Screening, on Days 0, 42, and/or at ET.  A focused physical examination will be performed on Days 1, 

14, and 28. 
k. The Day 0 (predose) weight will be used for ALN-AS1 dose calculation.  Height will only be measured at Screening. 
l. Vital signs include blood pressure, heart rate, body temperature, and respiratory rate.  Vital signs will be measured in the supine position after the patient 

has rested comfortably for at least 10 minutes.  On Day 0 only, vital signs will be measured within 30 minutes before dosing and 30 min (±5 min) and 
4 hours (±15 min) postdose. 

m. Results from the laboratory samples collected predose are not needed prior to dosing. 
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n. Blood for measurement of cytokines and CRP will be collected immediately predose (within 10 minutes of dosing), and at 2, 6, and 24 hours (±15 min) 
postdose. 

o. Study drug will be injected SC into the abdomen, or if necessary, into the thigh or upper arm. 
p. Urine and plasma ALA and PBG levels may be measured by a local laboratory and confirmed by a central laboratory or measured by a central laboratory 

only.  Patients need to have at least 2 urine PBG measurements during the Screening period.  If PBG levels obtained within 12 months of study drug 
administration are available, collection of 1 sample for PBG measurement at the Screening visit is sufficient. 

q. Blood samples for plasma ALA and PBG will be collected within 1 hour before dosing, at 6 hours (±10 min), and 8 hours (±20 min) on Day 0.  Samples 
for the measurement of urine ALA and PBG levels on Day 0 will be aliquoted from the following urine PK collection intervals:  predose, 0-6 hours 
(±30 min), and 6-12 hours (±30 min); on other days, spot urine samples will be used for measurement of ALA and PBG levels. 

r. Plasma, serum, and urine samples will be collected for exploratory biomarker assessments. 
s. Blood samples for plasma PK analysis will be collected at the time points shown in Table 2. 
t. Urine samples for PK analysis will be collected at the time points shown in Table 2. 
u. See Section 10.2. 
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Table 2: Pharmacokinetic Sampling Schedule – Part A:  Single-ascending Dose Phase 

Sample Timing/Interval 
Study Days (Weeks) 

D0  
(Week 0) 

D1  
(Week 0) 

D4 
(Week 0) 

D7±2   
(Week 1) 

D14±2 
(Week 2) 

D21±2 
(Week 3) 

D28±2 
(Week 4) 

D42±2  
(Week 6) (EOS/ET) 

Plasma PK         

Predose  Xa        

5 min (±1 min) postdose X        

15 min (±1 min) postdose X        

30 min (±2 min) postdose X        

1 hr (±5 min) postdose X        

2 hr (±5 min) postdose X        

4 hr (±5 min) postdose X        

6 hr (±10 min) postdose X        

8 hr (±20 min) postdose X        

24 hr (±1 hr) postdose  X       

Single time point    X X X X X X 

Urine PK         

Predose Xb        

0-6 hr (±30 min) postdose Xc        

6-12 hr (±30 min) postdose Xc        

12-24 hr (±30 min) postdose Xc        

Spot PK sample   Xd Xd Xd Xd Xd X 

Abbreviations:  D = day; EOS = end-of-study; ET = early termination; hr = hour(s); min = minute(s); PK = pharmacokinetic(s). 
a. The predose blood sample for plasma PK analysis should be collected within 1 hour before dosing. 
b. The predose urine sample will be collected within 1 hour before dosing. 
c. On Day 0, all postdose urine samples collected within a collection interval will be pooled, so that 24-hour urine samples will be collected on that day.   
d. A spot urine PK sample will be collected at the same time as the first administered dose on Day 0.
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Table 3: Schedule of Assessments – Part B:  Multiple-ascending Dose Phase 

Procedures Screening 
Perioda 

Inpatient 
Periodb 

Dischargec 
Outpatient Period Inpatient 

Periodb 
Dischargec 

Outpatient Period EOS/ 
ETe Pre-

dose Dosing Dosing Period Return Visitsd 

Study Week  W0 W0 W0 W1 W2 W3 W4 W4 W5 W6 W8 W10 

Study Day D-28 to -2 D-1 or 
D0 

D0 D1 D7±2 D14±2 D21±2 D28±2 D29±2 D35 
±2 

D42 
±2 

D56±2 D70±3 

Informed Consent X             

Demographics X             

Medical History X Xf            

Inclusion/Exclusion X             

Randomization   X           

Pregnancy Testg X X      X    X X 

FSHh and Viral Serologyi X             

Physical Examj X X  X  Xk  Xk X  X  X 

Body Weight and Heightl X X   Xk Xk Xk Xk     X 

BMI Calculation X            X 

Vital Signsm X Xm Xm X Xk Xk Xk Xk X X X X X 

Triplicate 12-lead ECG X X  X    Xk X    X 

Chem, Hem, and UA X Xn  X Xk,n Xk,n Xk,n Xk X X X X X 

Study Drug Admino   X  X X X X      

Urine and Plasma PBG 
and ALAp X Xq Xq X Xk Xk Xk Xq X X X X X 

Exploratory Biomarkersr X X  X Xk Xk Xk Xk X X X X X 
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Procedures Screening 
Perioda 

Inpatient 
Periodb 

Dischargec 
Outpatient Period Inpatient 

Periodb 
Dischargec 

Outpatient Period EOS/ 
ETe Pre-

dose Dosing Dosing Period Return Visitsd 

Study Week  W0 W0 W0 W1 W2 W3 W4 W4 W5 W6 W8 W10 

Study Day D-28 to -2 D-1 or 
D0 

D0 D1 D7±2 D14±2 D21±2 D28±2 D29±2 D35 
±2 

D42 
±2 

D56±2 D70±3 

Plasma PKs  X X X Xk Xk Xk X X X X X X 

Urine PKt  X X X Xk Xk Xk X X X X X X 

Concomitant Meds X---------------------------------------------------------------------------------------------------------------------------------------------------X 

Review/Record AEsu  X-------------------------------------------------------------------------------------------------------------------------------X 

Abbreviations:  Admin = administration; AE = adverse events; ALA = delta-aminolevulinic acid;; BMI = body mass index; Chem = serum chemistry; D = day; 
ECG = electrocardiogram; EOS = end-of-study; ET = early termination; FSH = follicle-stimulating hormone; HBsAb = hepatitis B surface antibody; 
HBsAg = hepatitis B surface antigen; Hem = hematology; HIV = human immunodeficiency virus; MAD = multiple-ascending dose; Meds = medications; 
PBG = porphobilinogen; Physical Exam = physical examination; PK = pharmacokinetics; SC = subcutaneously; SRC = safety review committee; TEAE = 
treatment-emergent adverse event; UA = urinalysis; W= week. 

 
a. The Screening period consists of up to 2 separate visits between Days -28 and -2, with a main “Screening visit” and a return visit (if applicable) to confirm 

levels of urine PBG.  Patients rolling over from Part A to Part B need to consent to each study part but are not required to repeat Screening assessments if 
they completed all EOS assessments in Part A within 28 days of the first scheduled study drug administration in Part B and their urine PBG level is >4 
mmol/mol Cr. 

b. Patients will be admitted to the study center on either Day -1 or the morning of Day 0 and either Day 27 or the morning of Day 28 for dosing and remain at 
the study center for at least 24 hours following dosing on those days.  The inpatient period may be prolonged for reasons of operational efficiency, or if it 
is considered clinically necessary by the Investigator on an individual patient-by-patient basis, and/or if the SRC considers it necessary for determining 
safety and tolerability for upcoming dose levels/patients. 

c. Patients will be discharged from the study center following completion of all Day 1 and Day 29 assessments. 
d. Certain study visits may be replaced by at-home assessments by visiting nurses, at the Investigator’s discretion. 
e. If a patient withdraws or is discontinued before Day 70, then ET assessments should be performed. 
f. Interval medical history only; changes in medical history following dosing on Day 0 will be captured as TEAE(s) or concomitant medication(s), as 

appropriate. 
g. For females of childbearing potential only.  Additional pregnancy tests may be performed during the study at the Investigator’s discretion. 
h. For postmenopausal females only. 
i. Serology includes HBsAb, HBsAg, anti-HCV antibodies and HIV I and II. 
j. A full physical examination will be performed at Screening and on Days 0, 28, and 70 or at ET.  A focused physical examination will be performed on 

Days 1, 14, 29, and 42. 
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k. Before dosing. 
l. The study visit (predose) weight will be used for ALN-AS1 dose calculation.  Height will only be measured at Screening. 
m. Vital signs include blood pressure, heart rate, body temperature, and respiratory rate.  Vital signs will be measured in the supine position after the patient 

has rested comfortably for at least 10 minutes.  On Days 0 and 28 only, vital signs will be measured within 30 minutes before dosing and 30 min (±5 min) 
and 4 hours (±15 min) postdose.  On all other days, vital signs will be measured predose (or at a corresponding time on days when no study drug is 
administered). 

n. Results from the laboratory samples collected on dosing days are not needed prior to dosing. 
o. Study drug will be injected SC into the abdomen, or if necessary, into the thigh or upper arm; injection site will be rotated.  Doses will be administered the 

same time of day (±2 hours).  All doses will be administered at the study center. 
p. Urine and plasma ALA and PBG levels may be measured by a local laboratory and confirmed by a central laboratory or measured by a central laboratory 

only.  Patients need to have at least 2 urine PBG measurements during the Screening period.  If urine PBG levels obtained within 12 months of study drug 
administration are available, collection of 1 sample for urine PBG measurement at the Screening visit is sufficient.   

q. Blood samples for plasma ALA and PBG will be collected within 1 hour before dosing, at 6 hours (±10 min), and 8 hours (±20 min) on Days 0 and 28.  
Samples for the measurement of urine ALA and PBG levels on those days will be aliquoted from the following urine PK collection intervals:  predose, 
0-6 hours (±30 min), and 6-12 hours (±30 min); on other days, spot urine samples will be used for measurement of ALA and PBG levels. 

r. Plasma, serum, and urine samples will be collected for exploratory biomarker assessments. 
s. Blood samples for plasma PK analysis will be collected at the time points shown in Table 4. 
t. Urine samples for PK analysis will be collected at the time points shown in Table 4. 
u. See Section 10.2. 
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Table 4: Pharmacokinetic Sampling Schedule – Part B:  Multiple-ascending Dose Phase 

 

Sample Timing/Interval 

Study Days (Weeks) 

D0  
(W0) 

D1  
(W0) 

D7±2   
(W1) 

D14±2 
(W2) 

D21±2 
(W3) 

D28±2 
(W4) 

D29±2 
(W4) 

D35±2 
(W5) 

D42±2 
(W6) 

56±2 
(W8) 

70±3 
(W10) 

(EOS/ET) 

Plasma PK            

Predose Xa  X X X Xa      

5 min (±1 min) postdose X     X      

15 min (±1 min) postdose X     X      

30 min (±2 min) postdose X     X      

1 hr (±5 min) postdose X     X      

2 hr (±5 min) postdose X  X X X X      

4 hr (±5 min) postdose X     X      

6 hr (±10 min) postdose X     X      

8 hr (±20 min) postdose X     X      

24 hr (±1 hr) postdose  X     X     

Single time point         X X X X 

Urine PK            

Predose  Xb     Xb      

0-6 hr (±30 min) postdose Xc     Xc      

6-12 hr (±30 min) postdose Xc     Xc      

12-24 hr (±30 min) postdose Xc     Xc      

Spot PK sample   Xd Xd Xd   Xd Xd Xd Xd 

Abbreviations:  D = day; EOS = end-of-study; ET = early termination; hr = hour(s); min = minute(s); PK = pharmacokinetic(s); W = week. 
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a. Predose blood samples for plasma PK analysis should be collected within 1 hour before dosing. 
b. Predose urine samples will be collected within 1 hour before dosing. 
c. Postdose urine samples collected within a collection interval on Days 0 and 28 will be pooled, so that 24-hour urine samples will be collected on 

Days 0 and 28. 
d. A spot urine PK sample will be collected within 1 hour before dosing (or on days when no drug is administered, at a single time point corresponding 

to the time of first dose administration on Day 0). 
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Table 5: Schedule of Assessments – Part C:  Multi-dose Phase 

Procedures Run-in 
Perioda,b 

D
os

in
gc  

D
is

ch
ar

ge
 

Treatment Period 
(Outpatient) D

os
in

gc  

D
is

ch
ar

ge
 

Return 
Visitsb 

EOS/
ETd 

Study Week W-12 W-8 W-4 W0 W0 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W12 W14 W16 W18 

Study Day D-84 
±3 

D-56 
±2 

D-28 
±2 

D0 D1 D7 
±2 

D14 
±2 

D21 
±2 

D28 
±2 

D35 
±2 

D42 
±2 

D49 
±2 

D56 
±2 

D63 
±2 

D70 
±2 

D77 
±3 

D84 
±3 

D85 
±3 

D98 
±3 

D112 
±3 

D126 
±3 

Informed Consent X                     

Demographics X                     

Medical History X Xe Xe Xe,f                  

Inclusion/Exclusion X                     

Pregnancy Testg X   Xf     X    X    X   X X 

FSHh and serologyi X                     

Lab kit/Instructionsj X                     

Physical Examk X   Xf X    Xf    Xf    Xf X   X 

Body Weight and Heightl X   Xf  Xf Xf Xf Xf Xf Xf Xf Xf Xf Xf Xf Xf    X 

BMI Calculation X                    X 

Vital Signsm X   X X Xf Xf Xf Xf Xf Xf Xf Xf Xf Xf Xf X X X X X 

Triplicate 12-lead ECG X   Xf X            Xf X   X 

Chem, Hem, and UA X   Xf,n X Xf,n Xf,n Xf,n Xf,n Xf,n Xf,n Xf,n Xf,n Xf,n Xf,n Xf,n Xf X X X X 

Screening Porphyria 
Questionnaireo X                     

Porphyria Self-assessment 
Formp X X X      X    X    X     

Attack Symptom Inventory 
Formq X-----------------------------------------------------------------------------------------------------------------------------------------------------X 
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Procedures Run-in 
Perioda,b 

D
os

in
gc  

D
is

ch
ar

ge
 

Treatment Period 
(Outpatient) D

os
in

gc  

D
is

ch
ar

ge
 

Return 
Visitsb 

EOS/
ETd 

Study Week W-12 W-8 W-4 W0 W0 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W12 W14 W16 W18 

Study Day D-84 
±3 

D-56 
±2 

D-28 
±2 

D0 D1 D7 
±2 

D14 
±2 

D21 
±2 

D28 
±2 

D35 
±2 

D42 
±2 

D49 
±2 

D56 
±2 

D63 
±2 

D70 
±2 

D77 
±3 

D84 
±3 

D85 
±3 

D98 
±3 

D112 
±3 

D126 
±3 

Study Drug Adminr    X  X X X X X X X X X X X X     

Urine and Plasma PBG 
and ALAs X X X Xf,t X Xf Xf Xf Xf Xf Xf Xf Xf Xf Xf Xf Xf,t X X X X 

Urine PBG and ALA 
during Attacku X-----------------------------------------------------------------------------------------------------------------------------------------------------X 

Exploratory Biomarkersv X   Xf X Xf   Xf        Xf X X X X 

Plasma PKw    X X Xf Xf Xf Xf  Xf Xf Xf Xf Xf Xf Xf X X X X X 

Urine PKx    X X X X X X X X X X X X X X X X X X 

Concomitant Meds X-----------------------------------------------------------------------------------------------------------------------------------------------------X 

Review/Record AEsy X-----------------------------------------------------------------------------------------------------------------------------------------------------X 

Abbreviations:  Admin = administration; AE = adverse events; ALA = delta-aminolevulinic acid; BMI = body mass index; Chem = serum chemistry; D = day; 
ECG = electrocardiogram; EOS = end-of-study; ET = early termination; FSH = follicle-stimulating hormone; HBsAb = hepatitis B surface antibody; HBsAg = 
hepatitis B surface antigen; HCV = hepatitis C virus; Hem = hematology; HIV = human immunodeficiency virus; Meds = medications; PBG = porphobilinogen; 
Physical Exam = physical examination; PK = pharmacokinetics; SC = subcutaneously; SRC = safety review committee; TEAE = treatment-emergent adverse 
event; UA = urinalysis; VAS = visual analog scale;  W = week. 
 

a. Screening assessments will be performed on the first day of the Run-in period, which will start between 4 and 24 weeks prior to Day 0.  Patients will have 
monthly porphyria self-assessment forms, and urine and plasma PBG and ALA during the Run-in period. 

b. Certain study visits may be replaced by at-home assessments by visiting nurses (or by phone calls during the Run-in period), at the Investigator’s 
discretion. 

c. Patients who continue to be eligible after the Run-in period will be admitted to the study center on the mornings of Days 0 and 84 for inpatient dosing and 
remain at the study center for at least 24 hours following dosing on those days.  The inpatient period may be prolonged for reasons of operational 
efficiency, or if it is considered clinically necessary by the Investigator on an individual patient-by-patient basis, and/or if the SRC considers it necessary 
for determining safety and tolerability for upcoming dose levels/patients. 

d. If a patient withdraws or is discontinued after Day 0 but before Day 126, then ET assessments should be performed. 
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e. Interval medical history only; changes in medical history following dosing on Day 0 will be captured as TEAE(s) or concomitant medication(s), as 
appropriate. 

f. Before dosing. 
g. For females of childbearing potential only.  Additional pregnancy tests may be performed during the study at the Investigator’s discretion. 
h. For postmenopausal females only. 
i. Serology includes HBsAb, HBsAg, anti-HCV antibodies and HIV I and II. 
j. Patients will be dispensed laboratory kits and provided instructions (including questionnaires, if applicable) for urine collection in the event that they are 

unable to report to the study center during an attack or during the Run-in period. 
k. A full physical examination will be performed at Screening and on Days 0, 84, and 126 or at ET.  A focused physical examination will be performed on 

Days 1, 28, 56, and 85.  
l. The study visit (predose) weight will be used for ALN-AS1 dose calculation.  Height will only be measured at Screening. 
m. Vital signs include blood pressure, heart rate, body temperature, and respiratory rate.  Vital signs will be measured in the supine position after the patient 

has rested comfortably for at least 10 minutes.  On Days 0 and 84 only, vital signs will be measured within 30 minutes before dosing and 30 min (±5 min) 
and 4 hours (±15 min) postdose.  On all other days, vital signs will be measured predose (or at a corresponding time on days when no study drug is 
administered). 

n. Results from the laboratory samples collected on dosing days are not needed prior to dosing. 
o. To be completed by patients on the first day of the Run-in period; this questionnaire will capture information on porphyria attacks, treatment history, and a 

pain scale (pain intensity by a visual analog scale (VAS). 
p. To be completed by staff members interviewing the patient each month during the Run-in period.  The form will capture changes in porphyria symptoms, 

potential precipitants of porphyria attacks, and a pain scale (pain intensity by a validated VAS). 
q. To be completed by patients if they experience symptoms suggestive of a porphyria attack, or each day they receive clinical care for a porphyria attack.  

The form consists of a list of symptoms experienced and a pain scale (pain intensity by a validated VAS). 
r. ALN-AS1 will be injected SC into the abdomen, or if necessary, into the thigh or upper arm; injection site will be rotated.  Doses will be administered at 

the same time of day (±2 hours).  All doses will be administered at the study center. 
s. Urine and plasma ALA and PBG levels may be measured by a local laboratory and confirmed by a central laboratory or measured by a central laboratory 

only. 
t. Blood samples for plasma ALA and PBG will be collected within 1 hour before dosing, at 6 hours (±10 min), and 8 hours (±20 min) on Days 0 and 84.  

Samples for the measurement of urine ALA and PBG, and porphyrin levels on those days will be aliquoted from the following urine PK collection 
intervals:  predose, 0-6 hours (±30 min), and 6-12 hours (± 30 min); on other days, spot urine samples will be used for measurement of ALA and PBG 
levels. 

u. Urine ALA and PBG levels must be collected within 24 hours of start of clinical intervention for an attack (eg, hematin, glucose) and within 24 hours of 
end of intervention during the Run-in period and for subsequent attack(s).  Urine collected may also be used for exploratory biomarker assessment. 

v. Plasma, serum, and urine samples will be collected for exploratory biomarker assessments. 
w. Blood samples for plasma PK analysis will be collected at the time points shown in Table 6. 
x. Urine samples for PK analysis will be collected at the time points shown in Table 6. 
y. See Section 10.2 
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Table 6: Pharmacokinetic Sampling Schedule – Part C:  Multi-dose Phase 

Sample Timing/Interval Study Days (Weeks) 

 

D0  
(W0) 

D1  
(W0) 

D7 
±2 

(W1) 

D14 
±2 

(W2) 

D21 
±2 

(W3) 

D28 
±2 

(W4) 

D35 
±2 

(W5) 

D42 
±2 

(W6) 

D49 
±2 

(W7) 

D56 
±2 

(W8) 

D63 
±2 

(W9) 

D70 
±2 

(W10) 

D77 
±3 

(W11) 

D84 
±3 

(W12) 

D85 
±3 

(W12) 

D98 
±3 

(W14) 

D112 
±3 

(W16) 

D126±3 
(EOS/ET)  

(W18) 

Plasma PK                    

Predose Xa  Xa Xa Xa Xa Xa Xa Xa Xa Xa Xa Xa Xa     

5 min (±1 min) postdose X             X     

10 min (±1 min) postdose X             X     

30 min (±2 min) postdose X             X     

1 hr (±5 min) postdose X             X     

2 hr (±5 min) postdose X  X X X X X X X X X X X X     

4 hr (±5 min) postdose X             X     

6 hr (±10 min) postdose X             X     

8 hr (±20 min) postdose X             X     

24 hr (±1 hr) postdose  X             X    

Single time point                X X X 

Urine PK                   

Predose  Xb             Xb     

0-6 hr (±5 min) postdose Xc             Xc     

6-12 hr (±5 min) postdose Xc             Xc     

12-24 hr (±30 min) postdose X             Xc     

Spot PK sample   Xd Xd Xd Xd Xd Xd Xd Xd Xd Xd Xd   Xd Xd Xd 

Abbreviations:  D = day; EOS = end-of-study; ET = early termination; hr = hour(s); min = minute(s); PK = pharmacokinetic(s). 
 

a. Predose blood samples for plasma PK analysis should be collected within 1 hour before dosing. 
b. Predose urine samples will be collected within 1 hour before dosing. 
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c. Postdose urine samples collected within a collection interval on Days 0 and 84 will be pooled, so that 24-hour urine samples will be collected on Days 0 
and 84.  

d. A spot urine PK sample will be collected within 1 hour before dosing (or on days when no drug is administered, at a single time point corresponding to 
the time of first dose administration on Day 0).

Alnylam Pharmaceuticals                                                                      Confidential 23 



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

TABLE OF CONTENTS 

SYNOPSIS  ......................................................................................................................................3 

LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS ................................................31 

1. INTRODUCTION ......................................................................................................34 

1.1. Background and Rationale ..........................................................................................34 

1.1.1. Disease Overview .......................................................................................................34 

1.1.2. Epidemiology ..............................................................................................................35 

1.1.3. Presentation and Diagnosis .........................................................................................35 

1.1.4. Current Management and Unmet Medical Need ........................................................36 

1.1.5. RNA Interference ........................................................................................................37 

1.1.6. Investigational Drug ALN-AS1 Overview .................................................................39 

1.2. Summary of ALN-AS1 Nonclinical Data ...................................................................39 

1.3. Summary of Clinical Data with ALN-AS1 ................................................................41 

1.4. Study Hypothesis and Rationale .................................................................................41 

1.5. Dose Selection and Rationale .....................................................................................42 

1.6. Risk-Benefit Assessment ............................................................................................43 

2. STUDY OBJECTIVES ..............................................................................................45 

2.1. Primary Objective .......................................................................................................45 

2.2. Secondary Objectives .................................................................................................45 

2.3. Exploratory Objectives ...............................................................................................45 

3. INVESTIGATIONAL PLAN .....................................................................................46 

3.1. Overall Study Design ..................................................................................................46 

3.1.1. Part A:  Single-ascending Dose Phase ........................................................................46 

3.1.2. Part B:  Multiple-Ascending Dose Phase ...................................................................47 

3.1.3. Optional Cohorts for Part A and Part B ......................................................................48 

3.1.4. Part C: Multi-dose Phase ............................................................................................49 

3.2. Number of Patients .....................................................................................................50 

3.3. Treatment Assignment ................................................................................................50 

3.4. Safety Review Committee ..........................................................................................50 

3.4.1. Primary Responsibility ...............................................................................................50 

3.4.2. Membership ................................................................................................................50 

Alnylam Pharmaceuticals Confidential 24  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

3.4.3. Timing and Purpose of Review Meetings ..................................................................50 

3.4.4. Data Requirements ......................................................................................................51 

3.4.4.1. Safety Data ..................................................................................................................51 

3.4.4.2. Pharmacodynamic Data ..............................................................................................51 

3.4.4.3. Pharmacokinetic Data .................................................................................................51 

4. CRITERIA FOR DOSE ESCALATION/STUDY PROGRESSION .........................53 

4.1. Study Drug Dosing and Progression/Escalation in Part A (SAD) ..............................53 

4.2. Study Drug Dosing and Progression/Escalation in Part B (MAD) .............................54 

4.3. Study Drug Dosing in Part C (MD) ............................................................................55 

4.4. Dose-Limiting Toxicities ............................................................................................55 

4.5. Study Progression and Dose Escalation Suspension/Stopping Rules: .......................55 

4.6. Study Suspension/Stopping Rules ..............................................................................56 

5. SELECTION AND WITHDRAWAL OF PATIENTS ..............................................57 

5.1. Patient Inclusion Criteria (Parts A and B) ..................................................................57 

5.2. Patient Exclusion Criteria (Parts A and B) .................................................................57 

5.3. Patient Inclusion Criteria (Part C) ..............................................................................58 

5.4. Patient Exclusion Criteria (Part C) .............................................................................59 

5.5. Pregnancy and Breastfeeding Restrictions/Contraception Requirements ..................59 

5.6. Patient Withdrawal Criteria ........................................................................................60 

5.6.1. Reasons for Withdrawal .............................................................................................60 

5.6.2. Handling of Withdrawals ............................................................................................61 

5.6.3. Replacements ..............................................................................................................61 

6. TREATMENT OF PATIENTS ..................................................................................62 

6.1. Description of Study Drug ..........................................................................................62 

6.2. Concomitant Medications ...........................................................................................62 

6.3. Treatment Compliance ................................................................................................62 

6.4. Randomization and Blinding ......................................................................................62 

6.4.1. Breaking the Blind ......................................................................................................63 

7. STUDY DRUG MATERIALS AND MANAGEMENT ...........................................64 

7.1. Investigational Product ...............................................................................................64 

7.2. Investigational Product Packaging and Labeling .......................................................64 

7.3. Investigational Product Storage ..................................................................................64 

7.4. Study Drug Preparation ..............................................................................................64 

Alnylam Pharmaceuticals Confidential 25  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

7.5. Study Drug Administration.........................................................................................65 

7.6. Investigational Product Accountability ......................................................................65 

7.7. Investigational Product Handling and Disposal .........................................................65 

8. PHARMACOKINETIC ASSESSMENTS .................................................................66 

8.1. Blood Sample Collection ............................................................................................66 

8.2. Urine Sample Collection .............................................................................................66 

8.3. Sample Analysis .........................................................................................................66 

9. PHARMACODYNAMIC AND EXPLORATORY ASSESSMENTS ......................67 

9.1. Pharmacodynamic and Other Exploratory Markers ...................................................67 

9.1.1. Blood Sample Collection ............................................................................................67 

9.1.1.1. Pharmacodynamic Biomarkers ...................................................................................67 

9.1.1.2. Exploratory Biomarkers ..............................................................................................67 

9.1.2. Urine Sample Collection .............................................................................................67 

9.1.2.1. Pharmacodynamic Biomarkers ...................................................................................67 

9.1.2.2. Exploratory Biomarkers ..............................................................................................67 

9.1.3. Sample Analysis .........................................................................................................68 

9.2. Assessment of Efficacy ...............................................................................................68 

9.2.1. Screening Porphyria Questionnaire ............................................................................68 

9.2.2. Porphyria Self-assessment Form ................................................................................68 

9.2.3. Attack Symptom Inventory Form ...............................................................................68 

10. ASSESSMENT OF SAFETY .....................................................................................69 

10.1. Safety Parameters .......................................................................................................69 

10.1.1. Demographic/Medical History ...................................................................................69 

10.1.2. Vital Signs ..................................................................................................................69 

10.1.3. Weight and Height ......................................................................................................69 

10.1.4. Physical Examination .................................................................................................69 

10.1.5. Electrocardiogram .......................................................................................................69 

10.1.6. Laboratory Assessments .............................................................................................70 

10.2. Adverse and Serious Adverse Events .........................................................................71 

10.2.1. Definition of Adverse Events .....................................................................................71 

10.2.1.1. Adverse Event .............................................................................................................71 

10.2.1.2. Serious Adverse Event ................................................................................................71 

10.2.1.3. Suspected Unexpected Serious Adverse Event Reactions ..........................................72 

Alnylam Pharmaceuticals Confidential 26  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

10.2.1.4. Other Adverse Events .................................................................................................72 

10.3. Eliciting Adverse Event Information ..........................................................................72 

10.4. Adverse Event Reporting ............................................................................................72 

10.4.1. Assessment of Causality .............................................................................................73 

10.4.2. Assessment of Toxicity ...............................................................................................73 

10.4.2.1. Injection Site Signs or Symptoms ...............................................................................74 

10.5. Serious Adverse Event Reporting ...............................................................................74 

10.5.1. Notifying the IEC/IRB ................................................................................................75 

10.5.2. Sponsor Reporting: Notifying Regulatory Authorities ...............................................75 

10.5.3. Sponsor Reporting: Notifying Participating Investigators .........................................76 

10.6. Pregnancy Reporting ..................................................................................................76 

11. STATISTICS ..............................................................................................................77 

11.1. Sample Size ................................................................................................................77 

11.2. Statistical Methodology ..............................................................................................77 

11.2.1. Populations to be Analyzed ........................................................................................77 

11.2.1.1. Safety Analysis Set .....................................................................................................77 

11.2.1.2. Pharmacokinetic Analysis Set ....................................................................................77 

11.2.1.3. Pharmacodynamic Analysis Set .................................................................................77 

11.2.2. Baseline Evaluations ...................................................................................................78 

11.2.3. Safety Analyses ..........................................................................................................78 

11.2.3.1. Safety Parameters .......................................................................................................78 

11.2.3.2. Adverse Events ...........................................................................................................78 

11.2.3.3. Clinical Laboratory Safety Tests, Vital Signs, and 12-lead ECG ...............................78 

11.2.4. Pharmacokinetic Analyses ..........................................................................................79 

11.2.4.1. PK Parameter Estimates .............................................................................................79 

11.2.5. Pharmacodynamic Analyses .......................................................................................79 

11.2.6. Clinical Activity Analyses ..........................................................................................79 

11.2.7. Interim analysis ...........................................................................................................79 

11.2.8. Missing Data ...............................................................................................................79 

12. DIRECT ACCESS TO SOURCE DATA/DOCUMENTS.........................................80 

12.1. Quality Assurance and Quality Control ......................................................................80 

12.2. Monitoring ..................................................................................................................80 

13. STUDY REPORTING REQUIREMENTS ................................................................81 

Alnylam Pharmaceuticals Confidential 27  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

14. ETHICS ......................................................................................................................82 

14.1. Informed Consent .......................................................................................................82 

14.2. Independent Ethics Committee / Institutional Review Board Approval ....................82 

14.3. Confidentiality ............................................................................................................83 

15. DATA HANDLING AND RECORD KEEPING ......................................................84 

15.1. Inspection of Records .................................................................................................84 

15.2. Retention of Records ..................................................................................................84 

16. PUBLICATION POLICY ..........................................................................................85 

17. LIST OF REFERENCES ............................................................................................86 

Alnylam Pharmaceuticals Confidential 28  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

LIST OF TABLES 
Table 1:   Schedule of Assessments – Part A:  Single-ascending Dose Phase ...........................10 

Table 2: Pharmacokinetic Sampling Schedule – Part A:  Single-ascending Dose Phase .........13 

Table 3: Schedule of Assessments – Part B:  Multiple-ascending Dose Phase ........................14 

Table 4: Pharmacokinetic Sampling Schedule – Part B:  Multiple-ascending Dose 
Phase ...........................................................................................................................17 

Table 5: Schedule of Assessments – Part C:  Multi-dose Phase ...............................................19 

Table 6: Pharmacokinetic Sampling Schedule – Part C:  Multi-dose Phase ............................22 

Table 7: Estimated NOAEL and Starting Dose Safety Margins...............................................43 

Table 8: Timing of the SRC Data Reviews and Dose Escalation Requirements ......................54 

Table 9: Investigational Product ...............................................................................................62 

 

Alnylam Pharmaceuticals Confidential 29  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

LIST OF FIGURES 
Figure 1: Heme Biosynthesis Pathway in the Liver and ALN-AS1 Mechanism of 

Action .........................................................................................................................35 

Figure 2: Mechanism of RNA Interference ................................................................................38 

Figure 3: siRNA-GalNAc Conjugate Delivery Mechanism ......................................................39 

Figure 4: Study Design for the Single-Ascending Dose Phase ..................................................47 

Figure 5: Study Design for the Multiple-Ascending Dose Phase ..............................................48 

Figure 6: Study Design for the Multi-dose Phase ......................................................................49 

Figure 7: Study Schema .............................................................................................................52 

 

Alnylam Pharmaceuticals Confidential 30  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS 
Abbreviation Definition 

ADL Activities of daily living 

AE Adverse event 

AIP Acute intermittent porphyria 

ALA Delta aminolevulinic acid 

ALAS1 5-aminolevulinic acid synthase 

ALP Alkaline phosphatase 

ALT Alanine aminotransferase 

ASGPR Asialoglycoprotein receptor 

ASHE Asymptomatic high excreters 

AST Aspartate aminotransferase 

ATTR Transthyretin-mediated amyloidosis 

BMI Body mass index 

BSA Body surface area 

cERD Circulating extracellular RNA detection assay 

CLR Renal clearance 

Cr Creatinine 

CRO Contract research organization 

CRP C-reactive protein 

DLT Dose-limiting toxicity 

ECG Electrocardiogram 

eCRF Electronic case report form 

EOS End-of-study 

GalNAc N-acetylgalactosamine 

GCP Good Clinical Practice 

GGT Gamma glutamyl transpeptidase 

GLP Good Laboratory Practice 

GMP Good Manufacturing Practice 

HBsAb Hepatitis B surface antibody 

HBsAg Hepatitis B surface antigen 

HBV Hepatitis B virus 

Alnylam Pharmaceuticals Confidential 31  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

Abbreviation Definition 

HCV Hepatitis C virus 

HIV Human immunodeficiency virus 

HMBS Hydroxymethylbilane synthase 

IB Investigator’s Brochure 

ICF Informed consent form 

ICH International Conference on Harmonisation 

IEC Independent ethics committee 

IRB Institutional review board 

ISR Injection site reaction 

IV Intravenous 

LFT Liver function test 

LNP Lipid nanoparticle 

MAD Multiple-ascending dose 

MD Multi-dose 

mRNA Messenger ribonucleic acid 

NHP Nonhuman primates 

NOAEL No-observed-adverse-effect level 

NOEL No-observed-effect level 

OLE Open-label extension 

OTC Over-the-counter 

PBG Porphobilinogen 

PBGD Porphobilinogen deaminase 

PD Pharmacodynamic(s) 

PK Pharmacokinetic(s) 

PT Preferred term 

QTc Corrected QT interval 

QTcB Bazett-corrected QT interval 

QTcF Fridericia-corrected QT interal 

RISC RNA-induced silencing complex 

RNA ribonucleic acid 

RNAi RNA interference 

SAD Single-ascending dose 

Alnylam Pharmaceuticals Confidential 32  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

Abbreviation Definition 

SAE Serious adverse event 

SC Subcutaneous 

siRNA Small interfering ribonucleic acid 

SOC System organ class 

SRC Safety review committee 

SUSAR Suspected unexpected serious adverse reaction 

TBIL Total bilirubin 

TEAE Treatment-emergent adverse events 

TTR Transthyretin 

ULN Upper limit of normal 

VAS Visual analog scale 

USP/EP United States Pharmacopeia/European Pharmacopeia 

WOCBP Woman of child-bearing potential 

 

Alnylam Pharmaceuticals Confidential 33  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

1. INTRODUCTION 

1.1. Background and Rationale 

1.1.1. Disease Overview 
The porphyrias are a family of rare metabolic disorders most often caused by a genetic mutation 
in 1 of the 8 enzymes responsible for heme synthesis (Figure 1).1  The 2 major categories are 
classified as erythropoietic or hepatic, depending on the major site of expression of the 
underlying enzyme deficiency.2  In addition, the porphyrias are classified as acute if patients 
present with neurovisceral symptoms (eg, abdominal pain and neurologic symptoms) or 
cutaneous if they present with dermal blistering or photosensitivity in the skin.3,4  This study will 
include patients with acute intermittent porphyria (AIP), the most common hepatic porphyria.  

Acute intermittent porphyria occurs as a result of an autosomal dominant mutation that leads to 
deficiency of porphobilinogen deaminase (PBGD), the third enzyme in the heme biosynthesis 
pathway. 5  The rate limiting step in heme synthesis is the enzyme 5-aminolevulinic acid 
synthase (ALAS1), which is controlled by feedback repression via the end-product heme.  In 
response to a decrease in the endogenous heme pool in the liver, as can occur with fasting, 
hormonal alterations, or with cytochrome P450 inducing drugs, ALAS1 is induced, resulting in 
increased flux through the heme synthesis pathway.  In patients with AIP, this can result in the 
marked accumulation of the toxic heme intermediates porphobilinogen (PBG) and delta 
aminolevulinic acid (ALA) in the plasma and urine due to the deficiency (~50% activity) in the 
downstream PBGD.  Clinically, this manifests as acute attacks characterized by severe 
abdominal pain, cardiovascular as well as neurologic and psychiatric dysfunction.6 
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Figure 1: Heme Biosynthesis Pathway in the Liver and ALN-AS1 Mechanism of Action 

 
 
A simplified overview of the heme biosynthesis pathway:  AIP patients have a partial deficiency in the PBGD 
enzyme which results in accumulation of the upstream heme intermediates ALA and PBG when ALAS1 is up-
regulated by triggers such as medications, fasting, or hormonal changes.  Accumulation of these neurotoxic heme 
intermediates results in the clinical manifestations of AIP.  The target of the RNA interference (RNAi) therapeutic 
ALN-AS1 is ALAS1 which mediates the first step in the pathway, the conversion of glycine and Succinyl CoA to 
make ALA.  ALN-AS1 administration is intended to lower liver ALAS1 levels in AIP patients and decrease the 
accumulation of ALA and PBG created by a partial PBGD deficiency. (Abbreviations:  AIP = acute intermittent 
porphyria ALA = delta aminolevulinic acid; ALAS1 = 5-aminolevulinic acid synthase; PBG = porphobilinogen; 
PBGD = porphobilinogen deaminase.) 

1.1.2. Epidemiology 
Over 370 mutations have been identified in the PBGD gene, which in most instances reduces 
enzyme levels by ~50%.  The exact prevalence of AIP is not known due to the significant 
amount of under diagnosis that occurs, variation by geographic region, and differences in 
penetrance observed for the various mutations.  However, it is estimated that the prevalence of 
AIP is 5-10 per 100,000 people in western countries, while in Sweden it occurs in 1 in 
1,000 people due to a founder effect associated with the resultant G593A mutation.7,8,9,10  Acute 
intermittent porphyria shows incomplete penetrance and on average only 10-50% of carriers with 
a mutation present with clinical symptoms.11  It has been proposed that there are unknown 
genetic and/or environmental co-factors in addition to PBGD mutations that may explain why a 
small percentage of patients present with much more severe disease while the majority remain 
asymptomatic. 

1.1.3. Presentation and Diagnosis 
Patients with AIP present with acute attacks characterized by neurovisceral symptoms and signs 
including severe abdominal pain, nausea, vomiting, constipation, or less commonly diarrhea, 
hypertension, tachycardia, fever, muscle weakness, as well as neurological (eg, neuropathy, 
seizures) and psychiatric (eg, anxiety, confusion) manifestations.12  Acute intermittent porphyria 
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attacks typically start after puberty and can be triggered by exogenous factors such as 
medications (especially barbiturates, sulfonamides, and hydantoins), stress, exogenous 
hormones, nutritional status and infection.  Clinically active disease is more common in women 
than men, where attacks often occur around the menstrual cycle, and are likely precipitated by 
hormonal changes. 

Many AIP patients remain undiagnosed given that the disease is characterized by non-specific 
symptoms (eg, severe abdominal pain and nausea).  The initial diagnosis involves demonstrating 
elevated urinary PBG (typically 20-50 times the normal reference range) and ALA (typically 
5-20 times the normal reference range), when the patient is having acute attack symptoms.  Once 
a test is positive for elevated ALA and PBG and porphyria is suspected, genetic testing for a 
PBGD mutation is done.  

There are four main clinical phenotypes observed in AIP:  

1. Latent gene carriers who are asymptomatic and biochemically inactive (normal urinary 
ALA and PBG);  

2. Asymptomatic high excreters (ASHE) who do not have current acute attacks but are 
biochemically active (increased urinary ALA and PBG).  These increased levels of ALA 
and PBG in ASHE patients are lower than those seen in AIP patients during an acute 
attack, but are still significantly higher than normal reference values;,13,14  

3. Sporadic attack patients with infrequent acute attacks; and  

4. Recurrent attack patients, who have > 4 attacks per year requiring hospitalization or 
treatment by a medical professional.15 

1.1.4. Current Management and Unmet Medical Need 
Management of acute attacks often requires hospitalization.  Patients are initially treated with 
supportive care and carbohydrate loading, analgesics and antiemetics, and removal of known 
precipitating factors. 16  In patients with moderate to severe attacks, or who fail to respond to 
supportive measures, treatment with intravenous (IV) hematin (3-4 mg/kg × 3-5 days) is 
commenced.  Symptoms typically improve in patients after 2-5 days of hematin treatment, 
accompanied by a lowering of ALA and PBG excretion to normal or near-normal levels; 
however, in some patients attacks can last several of weeks, requiring prolonged hospitalization 
and hematin use.17  With severe attacks, cranial nerve involvement can occur, leading to bulbar 
paralysis, respiratory failure and death.18 

Hematin therapy is approved as Normosang® in the European Union (EU) and as Panhematin® 
(lyophilised hematin) in the United States of America (USA).  Hematin is a blood derived 
product that has been marketed since 1999 and 1983 in the EU and USA, respectively.  In the 
EU, Normosang is indicated for the treatment of acute attacks of hepatic porphyria (AIP, 
porphyria variegata, hereditary coproporphyria), while in the USA Panhematin is limited to the 
amelioration of recurrent attacks of AIP temporally related to the menstrual cycle.  Approval of 
both products was based on biochemical efficacy as well as data from uncontrolled case series 
and case reports.19,20,21,22  Hematin side effects include thrombophlebitis, transient 
anticoagulation, and in rare cases anaphylaxis or renal failure.23,24,25  In addition, hematin 
administration requires a large vein for administration, often necessitating central venous access. 
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While the majority of patients who do experience attacks have them sporadically, it is estimated 
that up to 1,000 AIP patients experience recurrent attacks (typically defined as more than 4 per 
year) in the US and EU combined.26  While hematin is currently only approved for use during 
acute attacks, in some patients with recurrent attacks, it is administered prophylactically (eg, 
given every 1 to 2 weeks).27  Potential problems associated with chronic hematin administration 
include infusion site phlebitis, iron overload, and the need for chronic IV access and associated 
complications poses (eg, risk of infection or occlusion).  In addition, there have been reports of a 
decrease in efficacy with chronic hematin administration, as evidenced by the occurrence of 
breakthrough attacks and the need to increase the frequency or dosage of hematin prophylaxis 
over time in attempt maintain a clinical effect.28  In patients with very severe recurrent attacks, or 
in whom hematin treatment is not effective, liver transplantation can be curative.29  However, 
given that organ transplantation is a high-risk procedure, it is rarely used as a treatment option.  
Given the significant morbidity and mortality, there remains a significant unmet need for an 
efficacious, easy-to-use, fast-acting and better tolerated therapy to treat acute or prevent recurrent 
attacks in AIP patients.  

1.1.5. RNA Interference 
Ribonucleic acid (RNA) interference is a naturally occurring cellular mechanism for regulating 
gene expression that is mediated by ‘small interfering RNAs’ (siRNAs)30.  Typically, synthetic 
siRNAs are 19-25 base pair double-stranded oligonucleotides in a staggered duplex with a 2 to 4 
nucleotide overhang at 1or both of the 3’ ends.  Such siRNAs can be designed to target an 
endogenous messenger RNA (mRNA) transcript of a given gene.  When introduced into cells, 
the guide (or antisense) strand of the siRNA loads into an enzyme complex called the RNA-
induced silencing complex (RISC).  This enzyme complex subsequently binds to its 
complementary mRNA sequence, mediating cleavage of the target mRNA and the suppression of 
the target protein encoded by the mRNA31 (Figure 2).  The ability to selectively degrade the 
mRNA encoding ALAS1 protein offers an attractive approach for the treatment of AIP. 
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Figure 2: Mechanism of RNA Interference 

 
 

Abbreviation: RISC = RNA-induced silencing complex. 
Intracellular double stranded RNA is processed by the “dicer” complex pathway (A) to produce siRNAs which 
become integrated into a multi-subunit protein complex, the RISC (B), which guides the siRNAs to the target 
mRNA sequence (C).  The siRNA duplex unwinds, and the antisense strand remains bound to RISC and directs 
degradation of the complementary mRNA sequence (D), resulting in target protein suppression (E). 

Since unmodified siRNAs are rapidly eliminated and do not achieve significant tissue 
distribution upon systemic administration,32 various formulations are currently used to target 
their distribution to tissues, and to facilitate uptake of siRNAs into the relevant cell type.  One 
approach that has been used successfully in vivo, in animal models (including in rodents and 
nonhuman primates [NHP]) and humans employs IV delivery of siRNA in lipid nanoparticle 
(LNP) formulations.33,34,35,36,37,38,39 

Another approach that has been utilized to deliver siRNA to target tissues is attachment or 
conjugation of a small molecule ligand to the siRNA that can facilitate tissue distribution, 
receptor-mediated cellular uptake, and cytosolic release of the siRNA.  Validation of this 
approach has been accomplished through conjugation of a carbohydrate ligand to the siRNA to 
direct hepatocyte-specific uptake of siRNA via the asialoglycoprotein receptor (ASGPR).  The 
ASGPR is a member of the C-type lectin family of receptors that recognizes and binds 
glycoproteins with terminal, non-reducing galactose or N-acetylgalactosamine (GalNAc) 
residues.40  It is expressed on the cell surface of hepatocytes at a high copy number (0.5-
1 million per cell),41,42 and facilitates clearance of desialylated glycoproteins from the blood.43  
Binding of the carbohydrate ligand to the ASGPR leads to receptor-mediated endocytosis of the 
ligand-receptor complex followed by release of its cargo, and subsequent recycling of the 
receptor to the cell surface for successive rounds of uptake.  Due to its high level of expression 
on hepatocytes, ability to mediate multiple rounds of uptake, and its ligand specificity, the 
ASGPR has been a widely used target in animals for liver-specific drug and gene delivery.44  
Attachment of a GalNAc ligand to the ALN-AS1 siRNA therefore enables hepatocyte binding 
and subsequent cellular uptake via the ASGPR, resulting in engagement of the RNAi pathway 
and downregulation of a hepatic target of interest, such as ALAS1. 
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Figure 3 illustrates the siRNA conjugate approach for targeted delivery to hepatocytes. 

Figure 3: siRNA-GalNAc Conjugate Delivery Mechanism 

 
An siRNA conjugate was developed against ALAS1 to allow for targeted delivery to hepatocytes in vivo. The 
siRNA was chemically modified to enhance stability and conjugated at the 3’ end of the sense strand with a 
trivalent GalNAc ligand to allow for targeting to the ASGPR on hepatocytes. Figure adapted from Cummings and 
McEver45. 

1.1.6. Investigational Drug ALN-AS1 Overview 
ALN-AS1 comprises a synthetic siRNA covalently linked to a GalNAc containing ligand 
(ALN-60519), specific for ALAS1 and formulated for administration via subcutaneous (SC) 
injection.  ALN-60519 has a target region between nucleotide 918 to 937 of the ALAS1 mRNA.  
Attachment to a triantennary GalNAc ligand to the siRNA enables its distribution to the liver 
(which is the primary site of ALAS1 synthesis), followed by intracellular delivery to hepatocytes 
via ASGPR, resulting in engagement of the RNAi pathway and suppression of hepatic ALAS1 
protein synthesis. 

The placebo solution is sterile saline [0.9% NaCl]. 

1.2. Summary of ALN-AS1 Nonclinical Data 
Extensive nonclinical pharmacology studies of ALN-AS1 have been completed in vitro and in 
vivo in rats, mice, and NHP.  ALN-AS1 is pharmacologically active and well-tolerated in all 
nonclinical species evaluated and has demonstrated potent, dose-dependent activity when 
administered subcutaneously, resulting in up to 80% reduction of the liver ALAS1 mRNA.  
Evaluation of ALN-AS1 in mouse and rat AIP models has shown target ALAS1 mRNA 
reduction to be directly correlated with reduced levels of ALA/PBG heme intermediates, both of 
which are implicated in the pathogenesis of AIP.  Several repeat dose regimens were explored in 
NHP.  In an 8-week study, animals received 3 daily doses of 5 mg/kg in Week 1 followed by 
weekly doses of either 2.5 or 5 mg.kg for Weeks 2-8, or once weekly or twice weekly dosing of 
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2.5 or 5 mg/kg for all weeks 1-8.  All groups reached a maximum of 80% ALAS1 mRNA 
suppression following 5 to 8 weeks of ALN-AS1 dosing.  Groups with three daily doses in 
Week 1 had a faster onset of ALAS1 mRNA suppression than those just dosed once in the first 
week.  All animals returned to baseline ALAS1 levels, approximately 30 to 40 days after the last 
dose.  Based on the NHP data, weekly dosing will be used in the clinical study and all patients 
will be followed for 42 days after last dose ALAS1 levels are expected to have returned to 
baseline.    

5-aminolevulinic acid synthase is not a secreted serum protein and therefore repeat liver biopsies 
would be required to monitor ALN-AS1 pharmacodynamic (PD) effect including ALAS1 
mRNA lowering and recovery in the liver.  To monitor ALAS1 mRNA levels using a less 
invasive approach in NHP pharmacology studies, exosomes (secreted membrane vesicles from 
cells) were isolated from serum and urine, as it has previously been shown that mRNA levels 
found in exosomes can reflect levels of mRNA expression in different cell types, such as 
hepatocytes.46,47,48  A high level of correlation was observed between the level of ALAS1 
mRNA in liver biopsies and that in circulating serum and urinary exosomes isolated at the same 
time points post ALN-AS1 dosing.  Therefore this circulating extracellular RNA detection 
(cERD) method was used in the repeat-dose studies in NHP to assess the impact of ALN-AS1 on 
ALAS1 mRNA lowering.  The cERD assay will also be used in an exploratory manner in this 
Phase 1 clinical study to monitor ALAS1 mRNA levels in serum and urine, and to determine 
correlation with ALA and PBG levels. 

A Good Laboratory Practice (GLP)-compliant single dose safety pharmacology study in NHP 
(cardiovascular and respiratory) is currently ongoing.  Animals (n=5) were administered a single 
SC dose of 0 mg/kg (saline) followed 1 week later with a single SC dose of 150 mg/kg 
ALN-AS1.  Respiratory rate and volumes and cardiac function measurements (including 
electrocardiograms [ECGs] and hemodynamic values) were monitored frequently following 
treatment.  Based on interim data, no cardiovascular or respiratory findings have been observed, 
suggesting a no-observed-effect level (NEOL) of > 150 mg/kg.   

Neurological assessments were conducted as part of a 13-week repeat dose GLP toxicity study in 
NHP; no ALN-AS1-related neurobehavioral observations occurred, with a NOEL for 
neurological effects of >150 mg/kg.  

The nonclinical toxicology program for ALN-AS1 includes several exploratory dose range-
finding toxicology studies in rodents and NHP.  GLP toxicology studies with repeat–dose cycle 
(once weekly × 13 weeks) in rat and NHP (including toxicokinetics) are currently ongoing 
(dosing phase completed; 13-week recovery phase in progress).  In the rat, animals were dosed 
SC once weekly at 3, 10 or 30 mg/kg (14 doses total).  A separate single-dose arm at 100 mg/kg 
was also included.  Based on interim data, microscopic findings were noted in the liver 
(hepatocellular vacuolation, single cell necrosis, increased mitoses), adrenal gland (cortical 
vacuolation) and at injection sites (macrophage vacuolation) at ≥10 mg/kg ALN-AS1.  Minimal 
increases in aspartate aminotransferase (AST) were observed at ≥30 mg/kg.  However, all 
findings were considered non-adverse; therefore the no-observed-adverse-effect level (NOAEL) 
was 100 mg/kg (based on single dose) or 30 mg/kg (based on repeat-dose) in the rat.  In the 
cynomolgus monkey, animals were dosed SC once weekly at 15, 50 or 150 mg/kg for 13 weeks 
(14 doses total).  Based on interim data, there was a mild increase in alkaline phosphatase (ALP) 
at 150 mg/kg, and microscopic findings were noted at injection sites (mononuclear/mixed cell 
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infiltration, macrophage accumulation) and lymph nodes (macrophage vacuolation) at ≥ 15 
mg/kg, and liver (Kupffer cell pigmentation) at ≥ 50 mg/kg.  All findings were considered non-
adverse; therefore the NOAEL was 150 mg/kg in NHP. 

The potential genotoxicity of ALN-AS1 was assessed in vitro in the Ames bacterial mutagenicity 
assay and chromosome aberration studies (human peripheral blood lymphocytes) with and 
without S9 metabolic activation, and an in vivo rat erythrocyte micronucleus test.  Based on 
interim data, all genetic toxicity studies were negative.      

Further information is in the Investigator’s Brochure (IB) for ALN-AS1. 

1.3. Summary of Clinical Data with ALN-AS1 
No clinical study has been conducted with ALN-AS1 to date.  However, the Sponsor has 
substantial clinical experience with systemic siRNA investigational therapeutics targeting the 
liver with LNP as well as experience utilizing the GalNAc ligand approach utilized for 
ALN-AS1.  Four systemic programs targeting liver expressed genes using siRNA-LNPs have 
been evaluated in clinical trials thus far, including ALN-VSP02, ALN-PCS02, ALN-TTR01 and 
ALN-TTR02 (patisiran; currently being evaluated in a global Phase 3 study). 

Furthermore, the Sponsor has ongoing experience with a GalNAc-conjugated siRNA, ALN-
TTRSC, currently in clinical trials (protocol ALN-TTRSC-001 and protocol ALN-TTRSC-002).  
ALN-TTRSC employs the identical GalNAc ligand as ALN-AS1, but uses an siRNA targeting 
the transthyretin (TTR) mRNA for the treatment of TTR-mediated amyloidosis.  More than 
60 healthy volunteers or patients with TTR cardiac amyloidosis patients in Phase 1 and Phase 2 
trials have received single and multiple (up to 10) subcutaneous doses of ALN-TTRSC.  Dose-
dependent and reversible serum TTR lowering of >85-90% has been observed with a regimen of 
5 daily doses followed by 5 weekly doses, and ALN-TTRSC has been generally safe and well-
tolerated. 

In addition to ALN-TTRSC, a GalNAc-siRNA conjugate targeting antithrombin (ALN-AT3) is 
in development for the treatment of hemophilia; a Phase 1 clinical study in healthy volunteers 
and hemophilia patients is ongoing.   

1.4. Study Hypothesis and Rationale 
ALN-AS1 is being developed as a therapeutic agent for the prevention and treatment of acute 
attacks in AIP patients. 

Various factors, such as cytochrome p450 (CYP)-inducing drugs, dieting or hormonal changes 
can precipitate acute attacks in AIP patients by decreasing endogenous heme levels and 
subsequently causing the induction of ALAS1 expression in the liver.49  Administration of ALN-
AS1 is designed to lower liver ALAS1 levels in AIP patients, as a strategy to decrease the 
accumulation of the neurotoxic heme intermediates ALA and PBG created by a partial PBGD 
deficiency (see Figure 1).  Supportive clinical evidence that targeting ALAS1 will be beneficial 
is seen with hematin, the current standard of care for AIP attacks, which inhibits ALAS1 
expression, leading to ALA and PBG reductions and improvement in clinical signs and 
symptoms.,,,50  In addition, ALAS1 is found to be significantly up-regulated in livers removed 
from AIP patients undergoing liver transplants for recurrent and refractory attacks.51  Cessation 
of recurrent attacks in AIP patients who undergo liver transplantation and the development of 
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attacks in domino recipients of AIP livers suggest that ALAS1 inhibition specifically in liver will 
have clinical benefit.52,53 

The nonclinical pharmacology and toxicology data with ALN-AS1 demonstrates dose-dependent 
and reversible reduction of ALAS1 that is well-tolerated across multiple species.  Furthermore, 
treatment with ALN-AS1 in rodent AIP models led to dose dependent reductions in ALAS1, as 
well as in ALA and PBG, in both acute treatment and chronic prevention models.  Collectively, 
these data suggest ALN-AS1 may have a favorable risk-benefit profile in the intended 
population, and support the initial clinical development of ALN-AS1.  In this study, AIP patients 
who are ASHE will be dosed in Parts A (single-ascending dose [SAD] phase) and B (multiple-
ascending dose [MAD] phase) as they represent a more relevant population to study the safety 
and efficacy of ALN-AS1 than healthy volunteers, since they mirror the underlying 
pathophysiology involving the heme synthesis pathway seen in symptomatic AIP patients, while 
being clinically well. Since healthy volunteers have normal urinary ALA and PBG levels (ie, at 
the lower limit of detection), only ASHE patients with stably elevated ALA and PBG above 
normal values can be utilized to assess the PD activity of ALN-AS1, and thereby enable dose 
selection for future evaluation. The risk-benefit profile of ALN-AS1 is expected to be 
comparable for AIP patients who are ASHE and healthy volunteers. 

The rationale for using a small number of AIP patients who experience recurrent attacks in 
Part C (multi-dose[MD] phase) is that they will provide safety and pharmacokinetic (PK) data 
with repeat dosing (weekly × 12) in symptomatic patients at doses that were found to be 
pharmacologically active and well-tolerated in AIP patients who are ASHE.  In addition, AIP 
patients with acute attacks typically have greater levels of ALAS1 up-regulation and ALA and 
PBG excretion than ASHE patients; therefore, the impact of a dose selected in Part B on PD 
(ALA and PBG lowering) in the intended patient population will also be examined.   

1.5. Dose Selection and Rationale 
Based on NHP studies, a single dose of 1 mg/kg resulted in approximately 20% ALAS1 
lowering. Assuming a 1:1 translation from NHP to human (as was observed with the GalNAc-
conjugated ALN-TTRSC siRNA), the starting dose of 0.10 mg/kg ALN-AS1 is not expected to 
be pharmacologically active in humans (see the ALN-AS1 IB for further details).  A single dose 
of ALN-AS1 or placebo will be administered subcutaneously to patients in a single-blind 
manner.  The dose levels proposed in the SAD portion of the study are 0.1, 0.35, 1 and 
2.5 mg/kg.   

Safety margins were calculated using the NOAELs determined in the GLP 13-week toxicity 
studies in rat and NHP (Table 7).  While it is expected that PD and toxicity will translate 
clinically on body weight (mg/kg), a more conservative approach for determining starting dose 
was calculated based on body surface area (BSA) (mg/m2).  The NOAEL in the rat (most 
sensitive species) was 100 mg/kg (when administered as a single dose) and 30 mg/kg (when 
administered once weekly × 14 doses, following the 13-week dosing period.  The NOAEL in 
NHP was 150 mg/kg (highest dose level evaluated).  Using BSA conversions, the safety margins 
on the proposed clinical starting dose of 0.10 mg/kg are 160-fold (single dose) and 48-fold 
(repeat dose) based on the rat; and 480-fold based on NHP.  Collectively, the results of the ALN-
AS1 nonclinical studies support a starting dose of 0.10 mg/kg in this Phase 1 study in AIP 
patients. 
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Table 7: Estimated NOAEL and Starting Dose Safety Margins 
 Estimated 

NOAEL 
(mg/kg) 

Human 
Equivalent Dose 

based on BSA 
(mg/kg) 

Safety Margins for proposed starting 
single dose of 0.1 mg/kg * 

Based on  
mg/kg Based on BSA 

Rat (single dose) 100 16 1000 × 160 × 

Rat (repeat dose) 30 4.8 300 × 48 × 

Cynomolgus monkey 150 48 1500 × 480 × 

Abbreviations: BSA = body surface area; NHP = nonhuman primates; NOAEL = no-observed-adverse-
effect level 

*Based on BSA and using species scaled conversion assumptions outlined in Guidance for Industry: Estimating the 
Maximum Safe Starting Dose in Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers (FDA, 2005).  
Based on BSA area conversion, the rat NOAEL is estimated to be 600 mg/m2 based on single dose and 60 mg/m2 
based on repeat dose; the NHP NOAEL is expected to be 1800 mg/m2 

1.6. Risk-Benefit Assessment 
Patients taking part in Parts A and B of this clinical study will not gain any health benefit from 
their participation other than a general health check.  While it is unlikely that patients in Part C 
of this clinical study will gain any health benefit from their participation, it is possible that with 
12 weeks of ALN-AS1 dosing some patients could experience a decrease in the number or 
severity of their attacks, as manifested by a decrease in pain medication or hematin required.  

The following measures will be taken to minimize the risks to patients: 

• Clinical laboratory monitoring:  patients enrolling in this study must have safety 
laboratory values within clinically acceptable ranges.  Serial measurements of clinical 
laboratory safety tests (hematology, serum chemistry, and urinalysis) are planned 
with interim reviews of safety data by a Safety Review Committee (SRC). 

• Liver function monitoring:  in the rat (most sensitive preclinical species), there were 
no adverse findings noted at the end of the 13-week dosing period at 30 mg/kg 
(highest dose level in repeat-dose phase).  However, non-adverse, ALN-AS1-
mediated hepatocellular changes of vacuolation (≥ 3.0 mg/kg), single cell necrosis 
(≥10 mg/kg) and increased mitoses (≥ 10 mg/kg) were observed with minimal 
(<2-fold) alterations in AST and TBIL.  There were no adverse findings in the liver in 
the NHP study up to 150 mg/kg (highest dose level).  In light of the findings in the 
rat, patients are required to have adequate liver function at the time of study entry and 
extensive safety monitoring of patients, including serial liver function tests (LFTs) are 
incorporated in the protocol. 

• ALN-AS1 dose selection:  Based on a NOAEL in the rat of 30 mg/kg, the safety 
margin for the clinical starting dose of 0.1 mg/kg is 160-fold (single-dose) or 48-fold 
(repeat dose), based BSA, respectively.  The dose range and multiples proposed are 
justified based on the safety profile of such doses in nonclinical GLP repeat-dose 
studies.  In addition, a sentinel strategy will be employed for the first 2 patients of 
every new dose level in Part A to ensure that only 1 patient receives active drug at 
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each new dose level (1 active: 1 placebo).  Dose escalation in Part A and Part B will 
proceed cautiously, with safety monitoring between patients and interim review by 
the SRC.  Dose selection in Part C will be based on a dose previously determined to 
be safe and well tolerated by the SRC in Part A and Part B. 

• Studies done in NHP demonstrated that ALN-AS1 dosing could potentially increase 
the clearance of drugs metabolized by the cytochrome CYP3A.   As contraception 
hormones are metabolized via CYP3A, women who enter the study on hormonal 
contraception are required to use a barrier method of contraception, in addition to 
1 highly effective method of contraception, during their participation in the study and 
for 42 days after administration of the last dose.  All women of child-bearing 
potential (WOCBP) must be willing to use contraception as defined in Section 5.5 14 
days before dosing, throughout study participation, and for 42 days after the last dose 
of study medication (the expected lower limit of systemic exposure). 

• In the patients participating in Part C of the study that decide with their study doctor 
to stop prophylactic hematin treatment, there is a possibility that they could 
experience an acute attack during the study. If an acute attack occurs, patients will be 
treated with the standard of care regimen utilized at the study center institution. In 
addition, a 4-week (or longer) Run-in period of observation will be done prior to 
patients receiving ALN-AS1 dosing in Part C to establish their baseline disease 
activity after stopping prophylactic hematin use.  

• Injection site reactions (ISRs):  Patients with intolerance to SC injections will be 
excluded from the study. 

• Anaphylaxis is theoretically possible, but no anaphylactic reactions have been 
observed in clinical studies with siRNAs to-date.  Risk mitigation includes residential 
stay in a clinical study center for 24 hours after dosing, close clinical monitoring, 
small cohort sizes, and the availability of qualified medical coverage. 

Overall safety data from ALN-AS1 in nonclinical studies support the dose and dosing schedule 
proposed in this Phase 1 study. 

Refer to the ALN-AS1 IB for an expanded risk-benefit analysis. 
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2. STUDY OBJECTIVES  

2.1. Primary Objective  
The primary objective of the study is to evaluate the safety and tolerability of ALN-AS1 in AIP 
patients who are ASHE and in AIP patients who experience recurrent attacks. 

2.2. Secondary Objectives  
• To characterize the PK of ALN-AS1 in AIP patients who are ASHE and in AIP 

patients who experience recurrent attacks. 

• To assess the PD effect of ALN-AS1 on plasma and urine levels of ALA and PBG in 
AIP patients who are ASHE and in AIP patients who experience recurrent attacks. 

2.3. Exploratory Objectives  
The exploratory objectives of the study are: 

• To assess additional analytes in AIP patients who are ASHE and in AIP patients who 
experience recurrent attacks.  The following analytes may be assayed:  

o Total urinary porphyrins 

o Serum and/or urinary ALAS1 mRNA, using a cERD assay 

o Other serum or plasma exploratory biomarkers related to the expression of 
hepatocyte-derived proteins and/or the induction of ALAS1 

• Part C only:  To assess the effect of ALN-AS1 on number of porphyria attacks, 
hematin use and pain medication use, and number and duration of hospitalization(s) 
in AIP patients who experience recurrent attacks.   
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3. INVESTIGATIONAL PLAN 

3.1. Overall Study Design 
This study is a multi-center study to be conducted in up to 6 sites in the European Union (EU) 
and United States of America (USA).  It is designed to evaluate the safety, tolerability, PK, and 
PD of ALN-AS1 in a randomized, single-blind, placebo-controlled manner in AIP patients who 
are ASHE, and in an open-label manner in AIP patients who experience recurrent attacks.  The 
clinical activity of ALN-AS1 in AIP patients who experience recurrent attacks will also be 
explored.   

The study will be conducted in 3 parts:   

Part A:  A placebo-controlled SAD phase in AIP patients who are ASHE  

Part B:  A placebo-controlled MAD phase in AIP patients who are ASHE 

Part C:  An open-label MD phase in AIP patients who experience recurrent attacks 

An SRC will perform ongoing reviews of safety, tolerability, and available PD data at predefined 
decision points (Section 4) or upon the occurrence of potential dose-limiting toxicities (DLTs) to 
ensure the acceptability of continued dosing, and/or dose escalation to subsequent cohorts, and/or 
the need for optional cohorts, and/or the transition from Part A to Part B, and from Part B to the 
Treatment period of Part C.  Additional ad hoc SRC meetings may take place to discuss time-
sensitive safety issues as needed.  Further details on the SRC are in Section 3.4.  Please refer 
to Figure 7 for a schema of the overall study.    

3.1.1. Part A:  Single-ascending Dose Phase 
Part A (SAD phase) is designed to assess single-ascending doses of ALN-AS1.  Up to 16 ASHE 
patients will be dosed in 4 cohorts.  Each cohort will be comprised of 4 patients randomized 3:1 
to receive a SC dose of ALN-AS1 or placebo, respectively.  Part A is single-blind, and only 
patients will be blinded to treatment.   

The study design for Part A is presented in Figure 4.  Patients will be screened from -28 
to -2 days before study drug administration.  Eligible patients will be admitted to the study center 
on Day -1 or the morning of Day 0 to determine continued study eligibility and for predose 
assessments.  Patients will be randomized on Day 0 and will receive a single dose of ALN-AS1 
or placebo (see Section 4.1 for study drug dosing and progression).  Patients will be discharged 
from the study center on Day 1 after completing the 24-hour postdose assessments.  

Patients will be followed for safety, tolerability, PK, and PD assessments through approximately 
42 days following the last dose (see Table 1 and Table 2).  Patients who complete Part A can 
participate in Part B if they have signed informed consent for Part B and continue to meet 
eligibility criteria.  Patients rolling over to Part B are not required to complete a Screening visit if 
they completed the end-of-study (EOS) assessments from Part A within 28 days of the first 
scheduled study drug administration in Part B, and if their urine PBG level is >4 mmol/mol 
creatinine (Cr).  
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Figure 4: Study Design for the Single-Ascending Dose Phase  

 

3.1.2. Part B:  Multiple-Ascending Dose Phase 
Part B (MAD phase) is designed to assess multiple-ascending doses of ALN-AS1.  Up to 8 
ASHE patients will be dosed in 2 cohorts.  Each cohort will be comprised of 4 patients 
randomized 3:1 to receive an SC dose of ALN-AS1 or placebo, respectively, once weekly for 4 
weeks, for a total of 5 doses.  Part B is single-blind, and only patients will be blinded to 
treatment.  Patients in Part B who did not participate in Part A are required to complete all 
Screening visit procedures before enrolling in Part B. 

The study design for Part B is presented in Figure 5.  Patients will be screened from -28 
to -2 days before study drug administration.  Eligible patients will be admitted to the study center 
on Day-1 or the morning of Day 0 to determine continued study eligibility and for predose 
assessments. Patients will be randomized on Day 0 and will receive a single dose of ALN-AS1 
or placebo (see Section 4 for study drug dosing and progression).  They will be discharged from 
the study center on Day 1 after completing the 24-hour postdose assessments.  Patients will 
return to the clinical site on an outpatient basis on Days 7, 14 and 21 for the second, third and 
fourth dose of ALN-AS1.  They will be readmitted to the clinical site on Day 27 or on the 
morning of Day 28 for the fifth and final dose of ALN-AS1 or placebo on Day 28, and will be 
discharged on Day 29 after completing the 24-hour postdose assessments (see Section 4.2 for 
study drug dosing and progression).  Patients will be followed for safety, tolerability, PK, and 
PD assessments through approximately 42 days following the last dose (see Table 3 
and Table 4). 
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Figure 5: Study Design for the Multiple-Ascending Dose Phase 

 

3.1.3. Optional Cohorts for Part A and Part B  
Based on safety and PD data (ALA and PBG lowering), up to 4 optional cohorts, each consisting 
of 4 patients randomized 3:1 to receive ALN-AS1 or placebo, respectively, may be enrolled 
according to the same eligibility criteria (except where specified below) in either Part A or 
Part B.   

Optional cohorts, if enrolled, may:  

• escalate to a higher dose or de-escalate to a lower and/or to an intermediate dose 
level(s) of ALN-AS1 administered in Part A or Part B; 

• repeat a dose level if a safety signal in Part A or Part B (not meeting a stopping rule) 
indicates that further dose escalation may affect the safety of the study patients, or to 
further characterize PK or PD markers; 

• evaluate ALN-AS1 dosing in patients with higher urine PBG values (PBG 
≥25 mmol/mol Cr), or examine an alternate dosing frequency (eg, every 2 weeks) or 
regimen (eg, higher initial dose followed by lower weekly maintenance dose).   

If higher dose cohorts are added, any dose increase above 2.5 mg/kg will not exceed 2.5-fold the 
previous safe and well-tolerated dose and would require SRC approval.  The highest dose in 
Part A of the study will not exceed 8.5 mg/kg (a similar dose that resulted in up to 70% ALAS1 
lowering in nonclinical studies following a single dose as well as completely inhibiting ALA and 
PBG production in acute attack models).  Toxicology studies demonstrated that up to 80% 
lowering of ALAS1 by ALN-AS1 (maximal lowering achieved even with repeat doses of up to 
300 mg/kg), was well tolerated across multiple species.  Importantly, the single dose NOAEL 
(100 mg/kg) in rat (the most sensitive species) provides a 12-fold safety margin for a 8.5 mg/kg 
dose. 

Sc
re

en
in

g 
Pe

rio
d

(D
ay

 -2
8 

to
 D

ay
 -2

)

Randomization
(3:1 ratio

ALN-AS1:placebo)

Inpatient 
Period

Outpatient 
Period

Study Assessments

Pharmacokinetic Assessments

Pharmacodynamic Assessments

D-1 D0
Study drug 

dosing

D1 D14 D21 D28
Study drug 

dosing

D29

Inpatient 
Period

Outpatient 
Period

D35 D56 D70/
ET/
EOS

D7 D42

Alnylam Pharmaceuticals Confidential 48  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

3.1.4. Part C: Multi-dose Phase 
Part C (MD phase) is an open-label phase designed to assess multiple doses of ALN-AS1 in AIP 
patients who experience recurrent acute attacks of porphyria.  Up to 4 patients will be dosed 
initially, with an option to dose up to 4 additional patients using the same or a different dose 
level/dosing regimen.   

The study design for the MD phase of the study is presented in Figure 6.  Patients will be 
screened to confirm eligibility before the start of a Run-in period, during which patients will 
report to the study center to capture information about porphyria medical history, symptoms, and 
attacks; certain study visits may be replaced by at-home assessments by visiting nurses or by 
phone calls, at the Investigator’s discretion.  No investigational product will be administered 
during the Run-in period.  The Run-in period may last from 4 to 24 weeks to allow time for 
selection of the appropriate dosing regimen(s) for the Treatment period. 

During the Treatment period of the trial, patients will receive an open-label SC dose of 
ALN-AS1 once weekly for 12 weeks for a total of 13 doses, starting on Day 0.  Patients will be 
admitted to the study center for predose assessments in the morning of Days 0 and 84 and will 
remain at the study center until they complete the 24-hour postdose assessments on those days.  
Patients will return to the clinical site on an outpatient basis weekly for 11 weeks to receive 
additional doses.  Patients will be followed for safety, tolerability, PK, PD, and clinical activity 
assessments through approximately 42 days following the last dose (Day 126).  It is anticipated 
that patients that complete dosing in Part C will be invited to participate in an open label 
extension (OLE) study, provided that that OLE study is approved by the competent Regulatory 
Authorities and Ethics Committees. 

Patients in Part C will report to the study center for clinical care if they experience an attack from 
the first day of the Run-in period through the EOS visit.  Patients will also be provided with 
laboratory kits and instructions to collect urine samples, as well as questionnaires to send in by 
mail to the study center if they are unable to come to the study center during an attack.  If a 
patient is scheduled to receive a dose of ALN-AS1 at a time when they are experiencing attack 
signs and symptoms, it is up to the clinical judgment of the PI whether or not to proceed with 
dosing.  

Figure 6: Study Design for the Multi-dose Phase 

 

 

R
un

-in
 P

er
io

d
(D

ay
 -1

69
 to

 D
ay

 -1
)

Inpatient 
Period Outpatient Period

Study Assessments

Pharmacokinetic Assessments

Pharmacodynamic Assessments

D0
Study 
drug 

dosing

D1 D14 D28 D84
Study drug 

dosing

49

Inpatient 
Period

Outpatient 
Period

D56 D63 D126/
ET/
EOS

D7 D21 D35 D42 D70 D77 D85 D98 D112

Alnylam Pharmaceuticals Confidential 49  



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

3.2. Number of Patients 
Up to 40 AIP patients who are ASHE will be enrolled in this study:  up to 16 patients will be 
enrolled in Part A (SAD phase); up to 8 patients will be enrolled in Part B (MAD phase); and up 
to 16 patients may be enrolled in optional Part A or Part B cohorts.  Up to 8 patients will be 
enrolled in Part C (MD phase). 

3.3. Treatment Assignment 
Patients in Part A and Part B will receive ALN-AS1 or placebo according to the randomization 
scheme. 

Patients in Part C will receive open-label ALN-AS1. 

3.4. Safety Review Committee 

3.4.1. Primary Responsibility 
An SRC will perform ongoing reviews of safety, tolerability, and available PD data collected 
during the study with the primary purpose of protecting the safety of patients participating in the 
study.   

3.4.2. Membership 
To ensure timely safety, tolerability, and available PD, information exchange across the 
participating study centers, the SRC will be comprised of the following members: 

• Principal Investigator(s) or designee at each study center with a patient currently 
enrolled in the study (either having been dosed, or about to be dosed) 

• Sponsor Medical Monitor 

• Study Medical Monitor 

As study center PIs are added to the SRC, comprehensive reviews of study safety and tolerability 
data, along with a summary of cohort reviews and decisions made to date will be provided. 
Further internal or external experts may be consulted by the SRC as necessary.  The membership 
of the SRC and reporting structure are defined in the SRC Charter. 

3.4.3. Timing and Purpose of Review Meetings  
An SRC will perform ongoing reviews of safety, tolerability, and available PD data at predefined 
decision points (Section 4) or upon the occurrence of potential DLTs to ensure the acceptability 
of continued dosing, and/or dose escalation to subsequent cohorts, and/or the need for optional 
cohorts, and/or the transition from Part A to Part B, and from Part B to the Treatment period of 
Part C.  Additional ad hoc SRC meetings may take place to discuss time-sensitive safety issues 
as needed. 

If any DLT criteria (see Section 4.4 ) are met and deemed to have a reasonable possibility of 
causal relationship with the study drug (see Section 10.4.1), the SRC will take action in 
accordance with the criteria stipulated in Section 4. 
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The SRC will determine dose escalation and/or study progression (Section 4) according to the 
clinical study protocol, planned doses and emerging safety and PD data. 

Decisions of the SRC should reflect unanimity wherever possible.  All data (reports) that are 
provided and reviewed by the SRC, including any minutes and decisions from the meetings will 
be archived.  The minutes will document clearly any questions posed and decisions reached and 
whether these decisions were unanimous. 

3.4.4. Data Requirements 
Before SRC review, the Contract Research Organization (CRO) Medical Monitor will prepare a 
report presenting the safety, tolerability and available PD data (analyzed at the central 
laboratory) of the patients to be reviewed.  The clinical study Investigator(s) (or delegate) may 
send additional PD data (analyzed at the local accredited laboratory), if available.  

3.4.4.1. Safety Data 
The following data will be reviewed: 

• Assessment of adverse events (AEs) 

• Vital signs (blood pressure, heart rate, body temperature, and respiratory rate)  

• 12-lead ECG 

• Physical examinations (full and focused) 

• Clinical laboratory safety tests (including, but not limited to hematology, serum 
chemistry, and urinalysis) 

• Concomitant medications 

3.4.4.2. Pharmacodynamic Data 
When available, concentrations of ALA and PBG will be evaluated for assessment of PD effect. 

3.4.4.3. Pharmacokinetic Data 
Dose escalation and study progression will be based on dose levels administered in previous 
cohorts with acceptable safety and tolerability profile, rather than exposure.
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Figure 7: Study Schema 
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Abbreviations:  AIP = acute intermittent porphyria; ASHE = asymptomatic high excreters; MAD = multiple-ascending dose; MD = multi-dose; 
N = sample size; QW = every week; SAD = single-ascending dose; SRC = safety review committee; TP = Treatment period.  
Note: Parts A and B are single-blind (3 ALN-AS1: 1 placebo), Part C is open-label. Up to 4 optional cohorts of 4 patients each may be dosed in Part A 
or B. 
Note: Doses depicted represent planned doses.  Actual doses will be determined by the SRC, based on review of safety and available PD data. 
Note: Overlaps may occur between Part A and Part B dosing, and between optional cohort dosing in Parts A and B and Part C dosing. 
a. A sentinel strategy will be employed for the first 2 patient of every new Part A cohort.  
b. Part C patients may be dosed at up to 2 different dose levels/dosing regimens, however the dosing interval will not be shorter than 1 week.  
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4. CRITERIA FOR DOSE ESCALATION/STUDY PROGRESSION 

4.1. Study Drug Dosing and Progression/Escalation in Part A (SAD) 
The starting dose for patients in the first cohort will be no higher than 0.10 mg/kg ALN-AS1 or 
placebo.  The following are the planned dose levels for subsequent cohorts in Part A; however, the 
actual doses will be determined by the SRC based on safety and available PD data: 

• 0.35 mg/kg or placebo 

• 1.0 mg/kg or placebo 

• 2.5 mg/kg or placebo 

A sentinel dosing strategy will be employed for the first 2 patients of every new dose level to 
ensure that only 1 patient receives active drug at each new dose level (1 active: 1 placebo).  If the 
dose is deemed safe and tolerable and no DLTs are observed, the same dose will be administered 
to the remaining 2 patients in that cohort, at least 4 days after dosing the sentinel group.   

The SRC will review a minimum of 4-day postdose safety and available PD data from all patients 
before authorizing dose escalation to the next cohort (Table 8).  Based on nonclinical data, it is 
expected that maximal drug concentrations in plasma and any correlative potential drug-related 
effects would have been observed before Day 4.  Additionally, the nonclinical data demonstrate 
that maximal ALAS1 lowering occurs within 4 days.  Any dose increases above 2.5 mg/kg in Part 
A will not exceed 2.5-fold the previous safe and well-tolerated dose and will require SRC 
approval.  The highest dose in Part A of the study will not exceed 8.5 mg/kg.  
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Table 8: Timing of the SRC Data Reviews and Dose Escalation Requirements 

Decision Point Part A Part B 

Continuation of 
Dosing within a 
Cohort 

The Investigator(s) will review the safety 
and available PD data collected on the 
first 2 patients dosed in each cohort 
(1 ALN-AS1: 1placebo), through at least 
the Day 4 assessments, before dosing the 
third and fourth patients in the cohort.  

The dosing of all 4 patients (3 ALN-AS1: 
1 placebo) can occur simultaneously 
within a cohort.  Safety and available PD 
data will be continuously reviewed by the 
Investigator(s) and CRO Medical 
Monitor.  

Dose Escalation to 
the Next Cohort 

The SRC must review the safety data 
collected on all 4 patients dosed in each 
cohort, through at least the Day 8 
assessments for the first 2 patients dosed 
and through at least the Day 4 
assessments for the last 2 patients dosed, 
before dose escalation to the next cohort 
can occur. 

The SRC must review the collective 
safety data from all 4 patients dosed in a 
given cohort through at least 7 days post 
the 5th and final dose (Study Day 35) 
before dose escalation to the next cohort. 

Occurrence of a 
potential DLT 

Upon the occurrence of a potential DLT that is possibly related to study drug, all 
dosing and enrollment into the current cohort or escalation to the next cohort will be 
interrupted until safety data can be reviewed by the SRC.  The SRC will review the 
events associated with the potential DLT in addition to the cumulative safety data 
collected on all patients dosed previously.  The SRC will determine if enrollment 
and/or dose escalation may resume. 

Note: Safety data will be continuously reviewed by the Investigator(s) and CRO Medical Monitor. The data 
described above represent the minimum amount of data needed for SRC decision-making. In addition to 
these data, the cumulative data that are available from all previously dosed individuals will also be included 
in all SRC reviews.  The same SRC decision-making requirements will apply to optional cohorts. 

4.2. Study Drug Dosing and Progression/Escalation in Part B (MAD) 
Progression from Part A to the first cohort in Part B is contingent upon selection of a dose deemed 
safe and tolerable following SRC review of a minimum of 4-day postdose safety and acceptable 
PD data from all patients in at least the first 3 Part A dose level cohorts.  Doses listed below 
represent the planned doses for each Part B cohort.  Actual doses will be determined by the SRC 
based on safety and PD data reviewed.  Patients randomized to receive ALN-AS1 will be 
administered ALN-AS1 SC weekly for a total of 5 doses at the following planned cohort dose 
levels: 

• 1.0 mg/kg 

• 2.5 mg/kg 

Doses in Part B will be no higher than a dose previously determined to be safe and well tolerated 
in Part A.  The SRC will review collective safety and available PD data from all 4 patients dosed 
in a given cohort through at least the Day 35 assessments (7 days after last dose) before dose 
escalation to the next cohort.  Based on nonclinical data, it is expected that maximal drug 
concentrations in plasma and any correlative potential drug-related effects would have been 
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observed before 4 days after dosing, but patient data for 7 days after last dose will be collected for 
the SRC to coincide with the weekly visit schedule.   

Dose escalation and study progression between Part A and Part B may occur while follow-up of 
previous Part A cohorts is still ongoing.   

The SRC will review a minimum of 7-day post last dose safety data and available PD data, from 
all patients in the first 2 Part B cohorts, before initiation of dosing in Part C.  The dose(s) selected 
for Part C will be no higher than a dose determined to be safe and well tolerated in Parts A and B. 

4.3. Study Drug Dosing in Part C (MD) 
Patients eligible to receive ALN-AS1 will be administered ALN-AS1 SC weekly for a total of 
13 doses.  Up to 2 dose levels/dosing regimens will be selected for Part C based on the safety and 
available PD data obtained from Part A and Part B or evolving data from Part C.  The interval 
between doses will not be shorter than 1 week, however it may be increased. 

The Run-in period of Part C may begin when patients start to be dosed in Part B.  Subsequent SRC 
reviews of cumulative safety and available PD data from all patients across all cohorts will take 
place approximately every 4 weeks during the Treatment period of Part C. 

4.4. Dose-Limiting Toxicities 
A DLT is met if any of the criteria listed below occur at any dose level in patients receiving 
ALN-AS1 when they are considered to be at least possibly related to ALN-AS1: 

1. Alanine aminotransferase (ALT) >5 × upper limit of normal (ULN) and >5 × patient’s 
baseline at Day 0 (or Day -1); or 

2. Total bilirubin (TBIL) >2 × ULN and >2.5 × patient’s baseline at Day 0 (or Day -1); or 

3. ALP >3× ULN associated with either ALT elevation of >2 × ULN and >2 × patient’s 
baseline at Day 0 and/or TBIL > 1.5 × ULN and >2 × patient’s baseline at Day 0 (or 
Day -1); or 

4. Absolute corrected QT interval (QTc) >500 msec and/or QTc change of >60 msec from 
baseline at Day 0 (or Day -1); or 

5. Any other toxicity that, in the opinion of the SRC, would preclude further dosing. 

Standard toxicity grading according to the Common Terminology Criteria for Adverse Events 
(CTCAE; Version 4.0) will be used to grade AEs (see Section 10.4.2). 

4.5. Study Progression and Dose Escalation Suspension/Stopping Rules: 
For the purpose of this study, progression rules are based on toxicity (ie, clinically significant 
drug-related AEs, which are at least possibly related to ALN-AS1).  For the purpose of this 
protocol, the term ‘dose escalation’ means progression or escalation to the next consecutive dose 
or to the next study part in line with the dose escalation and study progression rules and minimum 
data requirements described in Sections 4.1, 4.2, and 4.3.  For the purpose of this protocol, the 
term ‘suspension’ means that no further study drug will be administered at the dose level and that 
further dose escalation/progression will be suspended.  If a dose level is suspended, an ad hoc SRC 
meeting will be held.  Any resumption at the same or higher dose level will require a substantial 
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amendment, which will need approval by the Regulatory Authority and the independent ethics 
committee (IEC)/institutional review board (IRB).  

A dose escalation suspension/stopping rule is met if any of the criteria listed below are met at any 
dose level in patients receiving ALN-AS1 as outlined:  

• Two or more patients at a dose level with a similar DLT (ie, 2 patients with LFT 
abnormalities, or 2 patients with absolute QTc >500 msec and/or QTc change of >60 
msec from baseline (Day 0 or Day -1); 

• If 1 or more patients has LFT abnormalities that meet all the criteria for Hy’s Law:54 

− ALT or AST > 3 × ULN and serum total BR > 2 × ULN without initial findings of 
cholestasis (elevated serum ALP), and no other reason can be found to explain the 
combination of increased AST and TBIL such as viral hepatitis. 

If the SRC determines that a suspension/stopping rule has been met, there will be no further 
enrollment or dosing in the current cohort, or escalation to another cohort, in that part of the study.  
However, de-escalation to a lower/intermediate dose may be allowed without a protocol 
amendment. 

Dose escalation and study progression between study parts (or dosing of optional cohorts) will be 
based on dose levels administered in previous cohorts/patients with an acceptable safety and 
tolerability profile, rather than exposure.  

4.6. Study Suspension/Stopping Rules  
In the event of a life-threatening or fatal AE that is determined to be possibly related to study drug, 
the study will be suspended.  Continuation of the study would require approval by the regulatory 
authorities.
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5. SELECTION AND WITHDRAWAL OF PATIENTS 

5.1. Patient Inclusion Criteria (Parts A and B) 
Adult male and female AIP patients who are ASHE meeting the following eligibility criteria will 
be enrolled in Part A and/or Part B: 

1. Adult male or female patients aged 18 to 65 years, inclusive.   

2. Patients with a diagnosis of AIP, defined as a genetic test showing documentation of a 
mutation in the PBG deaminase (PBGD; also called hydroxymethylbilane synthase 
[HMBS]) gene;   

3. Patients with a urine PBG level >4 mmol/mol Cr, for at least 2 measurements during the 
Screening period.  If urine PBG levels obtained within 12 months of study drug 
administration are available, collection of 1 sample for urine PBG measurement at the 
Screening visit is sufficient.   

4. Patients who are do not have clinically significant health concerns as determined by 
medical history, physical examination, and 12-lead ECG, and as judged by the Investigator; 

5. Women of child-bearing potential must have a negative pregnancy test, cannot be 
breastfeeding, and must be willing to use a highly effective method of contraception 
14 days before dosing, throughout study participation, and for 42 days after administration 
of the last dose of study drug.  Women of child-bearing potential who use hormonal 
contraceptives as a method of contraception must also use a barrier method (condom or 
occlusive cap with spermicide); (for details on acceptable methods of contraception, see 
Section 5.5); 

6. Patient, or patient’s legal representative, is able and willing to provide written informed 
consent and the patient is willing to comply with the study requirements.  A patient who 
participates in both Parts A and B must provide consent before participating in each study 
part. 

5.2. Patient Exclusion Criteria (Parts A and B) 
Patients who meet the following criteria will be excluded from Parts A and B: 

1. Patients who have experienced an acute porphyria attack (defined as intense abdominal or 
back pain requiring hospitalization, hematin use, treatment consisting of increased 
carbohydrate intake and/or pain medication use) within 6 months of study drug 
administration; 

2. Patients who have started a new chronic prescription medication treatment regimen within 
3 months of study drug administration;  

3. Patients with any of the following:  ALT and/or TBIL above the ULN, confirmed by retest; 
AST, ALP, or gamma glutamyl transpeptidase (GGT) >2 × the ULN or above the ULN, 
confirmed by retest, and considered clinically relevant by the Investigator; 
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4. Patients who have used a gonadotropin-releasing hormone analog within 30 days of study 
drug administration;  

5. Patients who have active serious mental illness, including but not limited to, schizophrenia, 
bipolar disorder, and severe depression requiring current pharmacological intervention; 

6. Patients with a history of multiple drug allergies or history of allergic reactions to an 
oligonucleotide or to GalNAc; 

7. Patients with a history of intolerance to SC injection(s); 

8. Patients with a history of alcoholism and/or drug abuse within 2 years of study drug 
administration; 

9. Patients with chemistry, hematology, and urinalysis safety laboratory test results deemed 
clinically significant by the Investigator; 

10. Patients with known hepatitis C virus (HCV), or human immunodeficiency virus (HIV) 
infection; or evidence of current or chronic hepatitis B virus (HBV) infection;  

11. Patients who have received an investigational agent within 3 months before administration 
of study drug or who are in follow-up of another clinical study of an investigational agent 
at the time of study drug administration; note: this criterion does not apply to patients in 
Part A rolling over to Part B; 

12. Any condition (eg, medical concern), which in the opinion of the Investigator, would make 
the patient unsuitable for enrollment or could interfere with the patient’s participation in, or 
completion of, the study. 

Note:  For patients rolling over from Part A to Part B, eligibility for Part B may be based on Part A 
EOS assessments, since patients are not required to complete a Screening visit for Part B if they 
have completed all Part A EOS assessments within 28 days of planned study drug administration 
in Part B and have a urine PBG level >4 mmol/mol Cr. 

5.3. Patient Inclusion Criteria (Part C) 
Adult male and female patients with AIP who experience recurrent attacks of porphyria must meet 
the following inclusion criteria can participate in Part C of this study: 

1. Adult male or female patients aged 18 to 65 years inclusive; 

2. Patients with a diagnosis of AIP, defined as a genetic test showing documentation of a 
mutation in the PBGD (also called HMBS) gene; 

3. Patients who have recurrent porphyria attacks defined as 1 of the following: 

• Patient experienced a porphyria attack (defined as intense abdominal or back pain 
requiring hospitalization, hematin use, treatment consisting of increased carbohydrate 
intake and/or pain medication use) at least 2 times during the 6 months before initiation 
of the Run-in period; 

• Patient is on a scheduled regimen of hematin to prevent porphyria attacks at the start of 
the Run-in period and has experienced at least 1 porphyria attack (requiring 
unscheduled hematin or opiate use) during the 6 months before initiation of the Run-in 
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period and is willing to stop scheduled hematin use during the Run-in and Treatment 
periods; 

4. Patient is willing to mail urine samples collected during an attack if they are not being 
treated at the study center;  

5. Women of child-bearing potential must have a negative pregnancy test, cannot be 
breastfeeding, and must be willing to use a highly effective method of contraception 14 
days before dosing, throughout study participation, and for 42 days after administration of 
the last dose of study drug.  Women of child-bearing potential who use hormonal 
contraceptives as a method of contraception must also use a barrier method (condom or 
occlusive cap with spermicide); (for details on acceptable methods of contraception, see 
Section 5.5); 

6. Patient, or patient’s legal representative, is able and willing to provide written informed 
consent and the patient is willing to comply with the study requirements. 

5.4. Patient Exclusion Criteria (Part C) 
Patients who meet the following criteria will be excluded from Part C: 

1. Patients with any of the following:  ALT and/or TBIL above the ULN, confirmed by retest; 
AST, ALP, or GGT >2 × the ULN or above the ULN, confirmed by retest and considered 
clinically relevant by the Investigator; 

2. Patients with a history of multiple drug allergies or history of allergic reactions to an 
oligonucleotide or to GalNAc; 

3. Patients with a history of intolerance to SC injection(s); 

4. Patients with a history of alcoholism and/or drug abuse within 2 years of the Screening 
visit; 

5. Patients with known HCV, or HIV infection; or evidence of current or chronic HBV 
infection; 

6. Patients who have received an investigational agent within 3 months before administration 
of study drug or who are in follow-up of another clinical study of an investigational agent 
at the time of study drug administration;  

7. Any condition (eg, medical concern), which in the opinion of the Investigator, would make 
the patient unsuitable for dosing on Day 0 or could interfere with the patient’s participation 
in, or completion of, the study. 

5.5. Pregnancy and Breastfeeding Restrictions/Contraception 
Requirements 

Women of child-bearing potential must have a negative pregnancy test, cannot be breastfeeding, 
and must be using a highly effective method of contraception 14 days before dosing, throughout 
study participation, and for 42 days after last dose of study drug.  Highly effective methods of birth 
control result in a low failure rate (ie, less than 1% per year).  Birth control methods which may be 
considered as highly effective include: 
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• Established use of oral, implantable, injectable, or transdermal hormonal methods of 
conception.  However, in this study, WOCBP who use hormonal contraceptives as a 
method of contraception must also use a barrier method (condom or occlusive cap 
[diaphragm or cervical/vault cap] in conjunction with spermicide [foam, gel, film, 
cream or suppository]); 

• Placement of an intrauterine device  

• Placement of an intrauterine system  

• Bilateral tubal occlusion 

• Surgical sterilization of male partner (with the appropriate post-vasectomy 
documentation of the absence of sperm in the ejaculate; for female patients on the 
study, the vasectomized male partner should be the sole partner for that patient); 

• True sexual abstinence, when in line with the preferred and usual lifestyle of the 
patient.  Periodic abstinence (eg, calendar, ovulation, symptothermal, post-ovulation 
methods) and withdrawal are not acceptable methods of contraception. 

Postmenopausal state is defined as no menses for 12 months without an alternative medical cause, 
confirmed by follicle stimulating hormone level within the postmenopausal range. 

Pregnancy reporting guidelines are provided in Section 10.6. 

5.6. Patient Withdrawal Criteria 
Patients are free to withdraw from the study at any time and for any reason, without penalty to 
their continuing medical care.  For those patients who withdraw early, every effort will be made to 
determine their reason for dropping out, and to ensure completion of the ET visit. 

5.6.1. Reasons for Withdrawal 
The Investigator may withdraw patient from the study for any of the following reasons: 

• Protocol violation 

• Adverse event 

• Pregnancy 

• Physician decision 

• Significant non-compliance with the dosing visits (Parts B and C only) 

• Patient decision (withdrawal of consent) 

If the patient is withdrawn from the study, the reason will be noted in the patient medical record 
and on the electronic case report form (eCRF). 

The Investigator or designee will also withdraw the patient from the study upon the request of the 
Sponsor or if the Sponsor terminates the study.  Upon occurrence of a serious or intolerable AE or 
DLT, the Investigator or designee should confer with the Sponsor before discontinuing the patient. 
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5.6.2. Handling of Withdrawals 
In the event a patient is withdrawn from the study, the Medical Monitor at the CRO and Sponsor 
must be informed immediately.  If there is a medical reason for withdrawal, the patient will remain 
under the supervision of the Investigator for protocol-specified safety ET/EOS procedures.   

If a patient is withdrawn or withdraws, every effort should be made to conduct the ET visit.  
Patients who fail to return for final evaluations will be contacted by the study center in an attempt 
to have them comply with the protocol. 

When a patient withdraws from the study, the primary reason for discontinuation must be recorded 
in the appropriate section of the eCRF and all efforts will be made to complete and report the 
observations as thoroughly as possible.   

If a patient is withdrawn for an AE, appropriate medical care should be provided, and the AE 
should be followed to resolution if possible.   

5.6.3. Replacements 
Patients who voluntarily withdraw or are withdrawn are termed dropouts.  Dropouts (except 
patients who are withdrawn due to an AE) may be replaced following discussion between the 
Investigator and Sponsor.   

The replacement patient will be assigned a unique patient number and will receive the same study 
drug assignment and dose level (if applicable) as the patient who is being replaced. Replacement 
patients may join an ongoing group, be dosed together as a group or separately. 
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6. TREATMENT OF PATIENTS 

6.1. Description of Study Drug 
Table 9: Investigational Product 

 Investigational Product Placebo 

Product Name: ALN-AS1 Sterile saline [0.9% NaCl] 

Dosage Form: Solution for Injection Solution for Injection 

Concentration Sterile 175 mg/mL solution N/A 

Route of Administration SC SC 

Physical Description Clear, colorless to pale yellow 
solution essentially free of 
particulates 

Clear, colorless solution 

6.2. Concomitant Medications 
Medication and treatment changes, if deemed clinically necessary, are permitted during the study.   

Use of all concomitant medications will be recorded on the patient’s eCRF.  This will include all 
prescription drugs, herbal preparations, over-the-counter (OTC) medications, vitamins, and 
minerals.  Any changes in medications during the study will also be recorded on the eCRF. 

6.3. Treatment Compliance 
Treatment compliance with study drug administration is dependent on the proper preparation and 
administration of SC injections by study center personnel as well as attendance by the patient to 
the clinic.  Treatment compliance with study drug administration will be verified by study staff 
observation.   

If patients in Parts B and C miss a dose of study drug, the dose can be given up to 7 days (±2 days) 
later (if applicable).  Only 1 dose should be administered each date.  If a patient misses 
2 consecutive doses, the Investigator, in consultation with the Medical Monitor, will discuss 
whether the patient will be able to continue on the study. 

6.4. Randomization and Blinding 
Parts A and B are single-blind and placebo-controlled.  Only the patients will be blinded to 
treatment.  The Investigator(s), Medical Monitors at the Sponsor and CRO, study center personnel, 
pharmacokineticist, and members of the SRC will have knowledge of the treatment assignment. 

The clinical study center pharmacist will receive a cohort-specific randomization list generated by 
the biostatistician at the CRO and will prepare and dispense the study drug according to that list. 
The clinical study center pharmacist will maintain the single-blind according to site-specific 
procedures and the Pharmacy Manual.  It should be noted that ALN-AS1 may be visually 
distinguishable from placebo; therefore, syringes containing dispensed study drug will be masked 
in the pharmacy before transfer to the clinic. 
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Patients will be randomly assigned in a 3:1 ratio to receive either ALN-AS1 or placebo (normal 
0.9% saline). 

All patients in Part C will receive open-label ALN-AS1 treatment. 

6.4.1. Breaking the Blind 
Parts A and B are single-blind; the patient is the only party unaware of the study drug treatment 
assignment.  If the patient becomes seriously ill during the study, and the treating physician 
determines that the clinical management of the patient requires that the patient know the study 
drug assignment, the Investigator may break the blind, as necessary, and contact the Medical 
Monitor and Sponsor as soon as possible.  A record of when the blind was broken, who broke the 
blind, and why it was broken will be maintained in the Trial Master File. 
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7. STUDY DRUG MATERIALS AND MANAGEMENT 

7.1. Investigational Product 
The investigational product, ALN-AS1, is comprised of a siRNA ALAS1 mRNA.  This siRNA has 
a covalently attached triantennary GalNAc ligand and is formulated in water for injection. 

The investigational product contains no preservatives and is designed for single use only.  Details 
of the stability information are in the current version of the ALN-AS1 IB. 

7.2. Investigational Product Packaging and Labeling 
All packaging and labeling as well as the preparation of ALN-AS1 will be in compliance with 
Good Manufacturing Practice (GMP) specifications, as well as applicable local regulations. 

7.3. Investigational Product Storage 
The investigational product may be dispensed only by the Investigator, by a staff member 
specifically authorized by the Investigator, or by a pharmacist, as appropriate.   

All investigational product will be stored upright and refrigerated at approximately 5 ± 3°C, 
protected from light in the storage area of the site pharmacy in a secure, temperature controlled, 
locked environment with restricted access.  Any deviation from the recommended storage 
conditions should be reported to the Sponsor and/or the CRO and use of the study drug halted until 
authorization for its continued use has been provided by the Sponsor or designee. 

No special procedures for the safe handling of ALN-AS1 are required. 

The Sponsor or designee will be permitted, upon request, to audit the supplies, storage, dispensing 
procedures, and records. 

No study drug may be administered to any person not enrolled in the study. 

Additional storage details are in the ALN-AS1 Pharmacy Manual. 

7.4. Study Drug Preparation 
The ALN-AS1 Solution for Injection will be supplied as a sterile 175 mg/mL solution.  The 
ALN-AS1 drug product will be packaged in a 2 mL glass vial with a fill volume of no less than 
0.55 mL to allow 0.5 mL to be withdrawn from the vial.  The container closure system consists of 
a United States Pharmacopeia/European Pharmacopoeia (USP/EP) Type I borosilicate glass vial, a 
Teflon-faced stopper and an aluminum seal. 

The study visit (predose) weight will be used for ALN-AS1 dose calculation. 

Detailed instructions are in the Pharmacy Manual. 

The control drug for this study will be placebo (normal 0.9% saline for SC administration).  
Control drug will be provided by the study center(s). 
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7.5. Study Drug Administration 
Doses will be administered as per the dosing scheme (see Section 6.4).  In Parts B and C, the 
administration should be every 7 days ± 2 days, with study drug administration at the same time of 
day (±2 hours). 

Study drug injection will be administered by qualified site staff under the supervision of the 
Investigator or designee.  The preferred site of injection is the abdomen.  Optional additional sites 
are the upper arms and thighs.  The injection site will be mapped for later observation.  For Parts B 
and C, the site of injection will be rotated.  If a local reaction around the injection site occurs, 
photographs may be taken. 

Detailed instructions are in the ALN-AS1 Pharmacy Manual. 

7.6. Investigational Product Accountability 
The Investigator will maintain accurate records of receipt and the condition of all investigational 
product including dates of receipt.  In addition, accurate records will be kept of the weight used to 
calculate each dispensed ALN-AS1 dose.  Any reasons for departure from the protocol dispensing 
regimen must also be recorded. 

Drug accountability records and inventory will be available for verification by a Sponsor Monitor 
or designee.  At the completion of the study, there will be a final reconciliation of all 
investigational product. 

Investigational product must not be used for any purpose other than the present study.  
Investigational product which has been prepared for a patient but not used must not be re-
dispensed to a different patient. 

Further instructions are in the ALN-AS1 Pharmacy Manual. 

7.7. Investigational Product Handling and Disposal 
Remaining investigational product (all used, partially used, and unused vials) will be returned to 
the Sponsor or its specified designee/depot or destroyed at the site according to applicable 
regulations. 

Further instructions are in the ALN-AS1 Pharmacy Manual. 
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8. PHARMACOKINETIC ASSESSMENTS 
Blood and urine samples taken for PK analyses will be used to determine the concentration of 
ALN-AS1.  Exploratory analyses may also be conducted to evaluate the concentration of 
ALN-AS1 metabolites in the plasma and/or urine. 

Details of sample collection and processing of plasma and urine PK samples will be included in 
the Laboratory Manual.  

8.1. Blood Sample Collection 
Blood samples will be collected at the time points shown in Table 2, Table 4, and Table 6 to 
determine the PK profile of ALN-AS1 in patients in Parts A, B, and C, respectively.   

8.2. Urine Sample Collection 
Urine samples will be collected and urine volume recorded at the time points shown 
in Table 2, Table 4, and Table 6 to determine the amount of ALN-AS1 excreted in urine and the 
renal clearance (CLR) of ALN-AS1 following administration of study drug in patients in Parts A, 
B, and C, respectively.   

8.3. Sample Analysis 
A validated bioanalytical method will be used to determine ALN-AS1 drug substance 
concentrations in plasma and urine for each PK sample.  Exploratory analyses may also be 
conducted to include identification of ALN-AS1 metabolites. 
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9. PHARMACODYNAMIC AND EXPLORATORY ASSESSMENTS 
Details on PD and exploratory biomarker sample collection, processing, and storage will be 
provided in a Laboratory Manual.   

9.1. Pharmacodynamic and Other Exploratory Markers 

9.1.1. Blood Sample Collection 
Blood samples will be collected at the time points shown in Table 1, Table 3, and Table 5 for 
assessment of the following biomarkers in patients in Parts A, B, and C, respectively: 

9.1.1.1. Pharmacodynamic Biomarkers 
Pharmacodynamic biomarkers include:  

• Plasma PBG levels 

• Plasma ALA levels 

9.1.1.2. Exploratory Biomarkers 
Where local regulations permit, samples for exploratory biomarkers including the following may 
be collected and stored, if appropriate: 

• ALAS1 mRNA 

• Other exploratory biomarkers related to the expression of hepatocyte-derived proteins 
and/or the induction of ALAS1 

9.1.2. Urine Sample Collection 
Urine samples will be collected at the time points shown in Table 1, Table 3, and Table 5 for 
assessment of the following biomarkers in patients in Parts A, B, and C.  Note: on days when 
24-hour urine collection is performed, urine samples for PD and exploratory biomarkers 
assessments should be aliquoted from the appropriate PK urine collection interval.  Predose urine 
samples are to be collected within 1 hour before dosing. 

9.1.2.1. Pharmacodynamic Biomarkers 
Pharmacodynamic biomarkers include:  

• Urine PBG levels 

• Urine ALA levels 

9.1.2.2. Exploratory Biomarkers 
Where local regulations permit, samples for exploratory biomarkers including the following may 
be collected and stored, if appropriate: 

• Total urinary porphyrins 
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• ALAS1 mRNA 

• Other exploratory biomarkers related to the expression of hepatocyte-derived proteins 
and/or the induction of ALAS1 

9.1.3. Sample Analysis 
Levels of ALA and PBG will be quantified at the study center and by a central laboratory.  All 
other biomarkers will be measured by a central laboratory. 

9.2. Assessment of Efficacy 
Study assessments to capture information about porphyria medical history, symptoms, and attacks 
will be completed according to Table 5.  The following porphyria assessments will be included for 
Part C only: 

9.2.1. Screening Porphyria Questionnaire 
The Screening porphyria questionnaire will be completed by patients and will capture information 
on porphyria attack and treatment history and a pain scale (pain intensity by a validated visual 
analog scale [VAS]). 

9.2.2. Porphyria Self-assessment Form 
The porphyria self-assessment form will be completed by staff members interviewing the patient in 
person or on the phone.  The form will capture changes in porphyria symptoms, potential 
precipitants of porphyria attacks, and a pain scale (pain intensity by a validated VAS). 

9.2.3. Attack Symptom Inventory Form 
The attack symptom inventory form will be completed by patients if they experience symptoms 
suggestive of an attack, or each day they receive clinical care for a porphyria attack.  The form 
consists of a list of symptoms experienced and a pain scale (pain intensity by a validated VAS). 
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10. ASSESSMENT OF SAFETY 

10.1. Safety Parameters 

10.1.1. Demographic/Medical History 
Patient demographic data and a complete medical history will be obtained at the time points shown 
in Table 1, Table 3, and Table 5 for Parts A, B, and C, respectively.   

10.1.2. Vital Signs 
Vital signs will be measured at the time points specified in Table 1, Table 3, and Table 5.  Vital 
signs include systolic/diastolic blood pressure, heart rate, respiratory rate, and temperature, and 
will be measured in the supine position after the patient has rested comfortably for at least 
10 minutes.  Each patient’s blood pressure should be taken using the same arm.  Temperature will 
be recorded in Celsius or Fahrenheit.  Heart rate will be counted for a full minute and recorded in 
beats per minute.  Respirations will be counted for a full minute and recorded in breaths per 
minute. 

When scheduled at the same time as PK blood samples, vital signs will be collected before the PK 
blood sample. 

Additional vital signs may be performed at the discretion of the Investigator. 

10.1.3. Weight and Height 
Body weight will be measured at the study visits listed in Table 1, Table 3, and Table 5; body mass 
index (BMI) will be calculated as appropriate. 

The study visit (predose) weight will be used for ALN-AS1 dose calculation.  

Height will only be measured at the Screening visit. 

10.1.4. Physical Examination 
Complete physical examinations and focused physical examinations are to be performed as 
outlined in Table 1, Table 3, and Table 5. 

Complete physical examinations will include:  general appearance; head, ears, eyes, nose, and 
throat; cardiovascular; dermatologic; abdominal; genito-urinary; lymph nodes; hepatic; 
musculoskeletal; respiratory; and neurological systems. 

Focused physical examinations will include the following systems:  respiratory, cardiovascular, 
dermatologic, and abdomen. 

10.1.5. Electrocardiogram  
Computerized 12-lead ECG recordings will be obtained in triplicate at each time point listed 
in Table 1, Table 3, and Table 5 and read locally.  Each lead shall be recorded for at least 3 beats at 
a speed of 25 mm/s.   
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All recorded ECGs will be reviewed by the Investigator, or designee, and the review will be 
documented in the eCRF.  The following electrophysiologic parameters will be assessed:  rhythm, 
ventricular rate, PR interval, QRS duration, and QT interval.  Bazett-corrected QT interval (QTcB) 
will be automatically calculated by the study center equipment and will be available on the ECG 
printout. Fridericia-corrected QT interval (QTcF) will only be assessed at the study center if QTcB 
is not available on the study center equipment.  

For any clinically significant abnormal results, the Investigator must contact the CRO Medical 
Monitor to discuss continued participation of the patient in the study (eg, ischemic ECG changes, 
wave/interval changes, or arrhythmia). 

10.1.6. Laboratory Assessments 
Blood samples for clinical laboratory testing will be collected pre-dose, if applicable, at the time 
points listed in Table 1, Table 3, and Table 5.  Samples for hematology, serum chemistries, 
urinalysis, FSH, pregnancy, serology, cytokines, and CRP will be measured centrally, but 
additional samples may be measured locally at the Investigator’s discretion.   

In the event of an unexplained clinically relevant abnormal laboratory test occurring after study 
drug administration, the test should be repeated and followed up at the discretion of the 
Investigator until it has returned to the normal range or stabilized, and/or a diagnosis is made to 
adequately explain the abnormality. 

Laboratory parameters will include the following: 

Hematology 

• Hematocrit • Neutrophils, absolute and % 

• Hemoglobin • Lymphocytes, absolute and % 

• Red blood cell count • Monocytes, absolute and % 

• White blood cell count • Eosinophils, absolute and % 

• Mean corpuscular volume • Basophils, absolute and % 

• Mean corpuscular hemoglobin • Platelet count 

• Mean corpuscular hemoglobin concentration  

Serum Chemistries 

• AST • ALP 

• ALT • Bilirubin (total and direct) 

• Sodium • Glucose 

• Potassium • Phosphate 

• Blood urea nitrogen  • Albumin 

• Creatinine • Calcium 
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Other 

• Cytokines (Part A only) • CRP (Part A only) 

• Serum or urine pregnancy (females of 
childbearing potential only) 

• FSH (postmenopausal females 
only) 

Urinalysis 

• Visual inspection for color and appearance • Leukocytes 

• pH • Bilirubin 

• Specific gravity • Nitrite 

• Ketones • Urobilinogen 

• Protein • Microscopic inspection of sediment 

• Glucose  

Serologya 

• HbsAb • Anti-HCVAb 

• HbsAg • HIV I and II Abs 
a Results of the assessments will not be entered into the study database.  If a patient is confirmed positive for 

any of these tests, the patient will be referred for further examination, counseling, or treatment and is not 
eligible for the study. 

10.2. Adverse and Serious Adverse Events 

10.2.1. Definition of Adverse Events 

10.2.1.1. Adverse Event  
An AE is any untoward medical occurrence in a patient, or clinical investigational patient, 
administered a pharmaceutical product and which does not necessarily have a causal relationship 
with this treatment. 

Therefore, an AE can be any unfavorable and unintended sign (eg, an abnormal laboratory 
finding), symptom, or disease temporally associated with the use of a medicinal product, whether 
or not considered related to the medicinal product.   During the Run-in period of Part C, untoward 
medical occurrences in patients will be collected as AEs but will categorized as occurring before 
use of study drug. 

10.2.1.2. Serious Adverse Event  
A serious AE (SAE) is any untoward medical occurrence that at any dose of study drug or during 
the Run-in phase of Part C: 

• Results in death 

• Is life-threatening (an event which places the patient at immediate risk of death from 
the event as it occurred.  It does not include an event that had it occurred in a more 
severe form might have caused death) 
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• Requires inpatient hospitalization or prolongation of existing hospitalization 

• Results in persistent or significant disability/incapacity 

• Is a congenital anomaly or birth defect 

• An important medical event that may not be immediately life threatening or result in 
death or hospitalization but may jeopardize the patient or may require intervention to 
prevent 1 of the other outcomes listed above.  Examples of such events include allergic 
bronchospasm requiring intensive treatment in an emergency room or at home, blood 
dyscrasias, convulsions, or the development of drug dependency or abuse 

10.2.1.3. Suspected Unexpected Serious Adverse Event Reactions 
A suspected unexpected serious adverse reaction (SUSAR) is any SAE where a causal relationship 
with the study drug is at least a reasonable possibility, but is not listed in the IB reference safety 
information. 

10.2.1.4. Other Adverse Events 
Adverse events of clinical interest, other than SAEs and those AEs leading to discontinuation of 
the patient from the study, will be classified as other AEs.  Other AEs may be identified during the 
evaluation of safety data. 

10.3. Eliciting Adverse Event Information 
The patient should be asked about medically relevant changes in his/her health since the last visit.  
The patient should also be asked if he/she has been hospitalized, had any accidents, used any new 
medications, or changed concomitant medication routines (both prescription and OTC). 

In addition to patient observations, AEs will be documented from any clinically relevant laboratory 
findings, vital signs, physical examination findings, 12-lead ECG changes, or other documents, 
that are relevant to patient safety. 

10.4. Adverse Event Reporting 
The Investigator is responsible for reporting all AEs that are observed or reported after 
administration of the first dose of study drug (Parts A and B) or after the start of the Run-in period 
(Part C) through the last postdose follow-up visit regardless of their relationship to study drug or 
clinical significance. 

All AEs must be followed to satisfactory resolution or until the AE is deemed by the Investigator 
to be chronic or the patient to be stable.   

Serious AEs will be followed until resolved or until the SAE is considered by the Investigator to be 
chronic or the patient is considered to be stable, whichever occurs first. 

Any medical condition that is present when a patient is screened (or, for Part C, starts the Run-in 
period) and does not deteriorate is captured as medical history and should not be reported as an 
AE; however, if it does deteriorate at any time during the study (including during the Run-in 
period in Part C), it may meet the definition of an AE and should be reported. 
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All AEs must be reported on the appropriate eCRF page and recorded in the source records at the 
clinical study unit.  The description of the AE will include the onset time and date, duration, 
severity, seriousness, relationship to study drug, action obtained, and outcome (including time and 
date of resolution, if applicable).  AEs resulting from concurrent illnesses, concomitant 
medications, or progression of disease states must also be reported. 

10.4.1. Assessment of Causality 
Causal relationship assessment to drug treatment is required for purposes of reporting AEs.  To 
promote consistency, the following guidelines should be taken into consideration along with good 
clinical and scientific judgment when determining the relationship of study medication to an AE: 

Definitely Related: A clinical event, including laboratory test abnormality, occurring in a plausible 
time relationship to the medication administration, and which cannot be 
explained by concurrent disease or other drugs or chemicals.  The response to 
withdrawal of the drug should be clinically plausible. 

Possibly Related:  A clinical event, including laboratory test abnormality, with a reasonable time 
sequence to the medication administration, but which could also be explained 
by concurrent disease, or other drugs or chemicals.  Information on the drug 
withdrawal may be lacking or unclear. 

Unlikely Related:  A clinical event, including laboratory test abnormality, with little or no 
temporal relationship to medication administration, and which other drugs, 
chemicals, or underlying disease provide plausible explanations.   

Not Related: A clinical event, including laboratory test abnormality that has no temporal 
relationship to the medication or has more likely alternative etiology.   

10.4.2. Assessment of Toxicity 
Standard toxicity grading according to the CTCAE (Version 4.0) will be used to grade AEs.  Local 
laboratory normal values are to be applied.  Abnormal laboratory and other tests should always be 
repeated before grading in order to ensure consistency and to exclude technical errors.  Diurnal 
variations in laboratory parameters and other measurements as well as baseline status and 
conditions (eg, Gilbert’s syndrome) should be taken into account when assessing whether 
abnormalities constitute a study drug related AE and when grading, if applicable. 

The CTCAE criteria and their interpretation are consistent with the standard severity grading for 
AEs during clinical trials:  Grade I, Grade II, and Grade III AEs may constitute a SAE.  Grades IV 
and V constitute SAE.  

The grading of the CTCAE related to off-target organ toxicities and potentially expected AEs is 
considered suitable for ALN-AS1, study design and the study populations in conjunction with the 
protocol suspension/stopping rules and no further qualifications are required.   
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The CTCAE displays Grades I through V with unique clinical descriptions of severity for each AE 
based on this general guideline: 

Grade I: Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; 
intervention not indicated 

Grade II: Moderate; minimal, local or non-invasive intervention indicated; limiting 
age appropriate instrumental ADLa 

Grade III: Severe or medically significant but not immediately life-threatening; hospitalization or 
prolongation of hospitalization indicated; disabling; limiting self-care ADLb 

Grade IV: Life-threatening consequences; urgent intervention indicated 

Grade V: Death related to AE 
Abbreviations:  ADL = Activities of Daily Living; AE = adverse event. 
a Instrumental ADL refer to the ability to prepare meals, shop for groceries or clothes, use the telephone, manage 

money, etc. 
b Self-care ADL refer to the ability to bathe, dress and undress, feed self, use the toilet, take medications, and not 

being bedridden. 

10.4.2.1. Injection Site Signs or Symptoms 
Individual signs or symptoms at the injection site reported by a patient within 4 hours following 
dose administration will be collected as an AE.  Injection site signs or symptoms reported after 
4 hours postdose, will be evaluated as to whether the signs or symptoms meet the CTCAE criteria 
of Injection Site Reaction (General disorders and administration site conditions): 

 Grade 

 I II III IV V 

Injection site 
reaction 

Tenderness with or 
without associated 
symptoms (eg, 
warmth, erythema, 
itching) 

Pain; 
lipodystrophy; 
edema; 
phlebitis 

Ulceration or 
necrosis; severe 
tissue damage; 
operative 
intervention 
indicated 

Life-threatening 
consequences; 
urgent intervention 
needed 

Death 

 
If the CTCAE criteria for ISR are not met, the sign(s) or symptom(s) will be collected as an AE. 

10.5. Serious Adverse Event Reporting 
An assessment of the seriousness of each AE will be made by the Investigator.  Any AE and 
laboratory abnormality that meets the seriousness criteria (Section 10.2.1.2) must be reported to 
the Sponsor or designee within 24 hours from the time that clinical study center personnel first 
learn of the event, using the Serious Adverse Event report form provided.  All SAEs must be 
reported regardless of the relationship to study drug.  The SAE must also be recorded on the 
standard eCRF pages.   

The initial report should include at a minimum the following information: 

• Patient’s study number 
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• Brief description and date of onset of the event 

• Event term being reported and criterion for seriousness 

• Preliminary assignment of causality to study drug 

Routine AE reporting will be via electronic data capture.  Serious AE reporting will be via the 
paper SAE Report Form provided in the Study Operations Manual.   

The Investigator will complete the SAE report form and fax the form to the Sponsor representative 
immediately (within 24 hours) of becoming aware of an SAE. 

If follow up is required, new information should be provided to the Sponsor or designee as soon as 
it becomes available using the Serious Adverse Event report form.  Copies of discharge 
summaries, consultant reports, autopsy reports, and any other relevant documents may also be 
requested.   

Appropriate remedial measures should be performed by the Investigator or Sub-investigator using 
his/her best medical judgment to treat the SAE.  These measures and the patient’s response to these 
measures should be recorded.  All SAEs, regardless of relationship to study drug, will be followed 
by the Investigator until satisfactory resolution or the Investigator or Sub-investigator deems the 
SAE to be chronic or stable.  Clinical, laboratory, and diagnostic measures should be employed by 
the Investigator or Sub-investigator as needed to adequately determine the etiology of the event.   

10.5.1. Notifying the IEC/IRB 
Serious AEs will be reported to the IEC/IRB per their institutional policy by the Investigator or 
Sponsor (or Sponsor designee) according to country requirements.  Copies of each report and 
documentation of IEC/IRB notification and acknowledgement of receipt will be kept in the 
Investigator’s study file. 

10.5.2. Sponsor Reporting: Notifying Regulatory Authorities 
The Sponsor or its representative is required to report certain study events in an expedited manner 
to the FDA, the European Medicines Agency’s EudraVigilance electronic system according to 
Directive 2001/20/EC, and to all country Regulatory Authorities where the study is being 
conducted, according to local applicable regulations. 

The following describes the safety reporting timeline requirements for SUSARs and other 
reportable events: 

Immediately and within 7 calendar days: 
• Any suspected adverse reaction that is:  associated with the use of the study drug, 

unexpected, and fatal or life threatening.  Follow-up information must be reported in the 
following 8 days. 

Immediately and within 15 calendar days: 
• Any suspected adverse reaction that is:  associated with the use of the study drug, 

unexpected, and serious, but not fatal or life threatening, and there is evidence to suggest a 
causal relationship between the study drug and the reaction. 
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• Any finding from tests in laboratory animals that:  suggests a significant risk for human 
subjects including reports of mutagenicity, teratogenicity, or carcinogenicity. 

• Any event in connection with the conduct of the study or the development of the study drug 
that may affect the safety of the trial subjects. 

In addition, periodic safety reporting to regulatory authorities will be done by the Sponsor or its 
representative according to national and local regulations. 

10.5.3. Sponsor Reporting: Notifying Participating Investigators 
All Investigators will be informed by the Sponsor or its representative of relevant clinical safety 
findings from this or other clinical studies, as well as any new findings from tests in laboratory 
animals that significantly impact the benefit/risk to patients in this study within 24 hours of the 
Sponsor becoming aware of the relevant clinical safety finding.  All reports should be transmitted 
to the IEC/IRB that approved the study. 

10.6. Pregnancy Reporting 
A patient who becomes pregnant during this study will be instructed to stop all study drug 
administration.  The Principle Investigator or Sub-investigator must report a patient or partner 
pregnancy to the Sponsor or its agency within 24 hours of being notified of the pregnancy.  Details 
of the pregnancy will be reported on a pregnancy report form.  The patient/partner shall receive 
any necessary counseling regarding the risks of continuing the pregnancy and the possible effects 
on the fetus.  Monitoring of the patient/partner will continue until the conclusion of the pregnancy, 
and the outcome of the pregnancy will be reported to the Sponsor. 
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11. STATISTICS 

11.1. Sample Size 
This is a Phase 1 study to investigate the safety, tolerability, PK and PD of a novel compound, 
ALN-AS1.  The sample size was not determined based on power calculations.  Up to 40 AIP 
patients who are ASHE are expected to be enrolled in this study.  This includes 16 patients in 
Part A; 8 patients in Part B; and up to 16 patients in optional Part A or Part B cohorts.  Up to 8 AIP 
patients who experience recurrent attacks will be dosed in Part C. 

11.2. Statistical Methodology 
A full statistical analysis plan will be finalized before database lock. 

The specifications in this document will detail the implementation of all the planned statistical 
analyses in accordance with the principal features stated in the protocol.  Statistical analyses will 
be primarily descriptive.  No formal hypothesis testing will be conducted. 

All study data will be presented in by-patient data listings.  Statistical analyses will be primarily 
descriptive.  Analyses will be performed using SAS® for Windows (Version 9.2 or higher).  Data 
from Parts A, B, and C will be analyzed separately but some analyses may be performed on pooled 
data.  Summary tables will present results by treatment group.  Descriptive statistics will be 
presented for continuous variables, and frequencies and percentages will be presented for 
categorical and ordinal variables.  Percentages will be based on the number of nonmissing values 
in a dose group. 

11.2.1. Populations to be Analyzed 
The following populations (analysis sets) will be identified separately for patients in Parts A, B, 
and C.  Each study part will be analyzed separately. 

11.2.1.1. Safety Analysis Set 
All patients who receive at least a single dose of the study medication will be included in the safety 
analyses. 

11.2.1.2. Pharmacokinetic Analysis Set 
All patients who receive at least a single dose of the study medication, have at least 1 blood draw 
postdose, and who have evaluable PK data will be included in the PK analyses.  Exploratory 
PK/PD analyses on the relationship between PK, PD, and safety data may be investigated. 

11.2.1.3. Pharmacodynamic Analysis Set 
All patients who receive at least a single dose of the study medication and who have at least 
1 postdose urine sample available for measurement of ALA and PBG levels, or at least 1 postdose 
blood draw available for measurement of an exploratory biomarker, will be included in the PD 
analyses. 
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11.2.2. Baseline Evaluations 
Demographics will be summarized for patients in the Safety analysis set, by treatment group and 
overall.  If the PK and PD analysis sets are different from the Safety analysis set, then 
demographics will be summarized separately for those.  Descriptive statistics will be provided for 
age, height, weight, and BMI at Screening.  Frequencies and percentages will be tabulated for sex, 
race, and ethnicity. 

11.2.3. Safety Analyses 

11.2.3.1. Safety Parameters 
Safety assessments will include standard laboratory safety tests (hematology, serum chemistry, 
urinalysis, and others, if applicable), vital signs (blood pressure, heart rate, body temperature, and 
respiratory rate), physical examinations, 12-lead ECG, AE monitoring, and concomitant 
medications.  Adverse events occurring during the Run-in period of Part C will be presented 
separately.  

11.2.3.2. Adverse Events 
AEs will be summarized by Medical Dictionary for Regulatory Activities (MedDRA) System 
Organ Class (SOC) and Preferred Term (PT).  Incidences of treatment-emergent AEs (TEAEs, 
those events that started after exposure to study drug or worsened in severity after dosing) will be 
presented by treatment group.  Incidences of TEAEs will also be presented by maximum severity 
and relationship to study drug.  By-patient listings will be provided for deaths, SAEs, DLTs, and 
events leading to discontinuation of treatment.  Incidences of ISR will also be presented by 
treatment group.  Time to first ISR will be analyzed.  The severity and duration of ISR, as well as 
their signs and symptoms, will also be summarized (see Section 10.4.2.1 for ISR AE reporting).  
AEs will be coded and reported according to MedDRA version 16.0 or higher including SOC and 
PT.  Treatment-emergent AEs will be assigned to the dose received preceding event onset.  All 
AEs will be included in the data listings.  All AEs will be listed.  For Parts A and B, only TEAEs 
will be included in the summary tables. 

The number and percentage of patients reporting AEs, SAEs, study drug-related AEs and AEs 
leading to withdrawal will be summarized. 

11.2.3.3. Clinical Laboratory Safety Tests, Vital Signs, and 12-lead ECG 
For each continuous laboratory parameter (including but not limited to hematology, serum 
chemistry, and urinalysis) results will be categorized as low, normal or high based on the 
laboratory normal ranges.  Frequencies and percentages will be presented by treatment group for 
patients who had a shift to low and for patients who had a shift to high from baseline to any 
postdose assessment.  Baseline values for all safety analyses will be defined as the last observation 
before dosing.  All out-of-range and clinically significant laboratory results will be identified in 
patient data listings.  Mean laboratory values over time will be plotted by treatment group. 

Descriptive statistics will be presented by study day for actual and change from baseline values for 
vital signs.  Twelve-lead ECG data will be listed by patient. 

Abnormal physical examination findings will be presented in a by-patient data listing. 
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11.2.4. Pharmacokinetic Analyses 

11.2.4.1. PK Parameter Estimates 
Pharmacokinetic parameters will be derived from plasma and/or urine ALN-AS1 concentration 
data by noncompartmental methods.  When feasible, PK parameters will include, but will not be 
limited to:  maximum plasma concentration (Cmax), time to maximum plasma concentration (tmax), 
terminal half-life (t1/2β), area under the concentration time curve (AUC) and CLR. 

Concentration data will be summarized by treatment group for drug substance in ALN-AS1 for all 
dose levels at each nominal time point with descriptive statistics.  Pharmacokinetic parameter 
estimates will also be summarized by treatment group using descriptive statistics.  PK data will 
also be displayed graphically, as appropriate.  Exploratory analyses of the PK data and their 
relationship to PD and safety endpoints may be investigated. 

11.2.5. Pharmacodynamic Analyses 
Pharmacodynamic data will be assessed descriptively whenever possible and by exploratory 
statistical comparisons of both raw and relative-to-baseline data.  Whenever the same data are 
reported both locally and via the central laboratory, PD analysis will be based on centrally 
analyzed data.  Pharmacodynamic evaluations will include assessment of concentrations of plasma 
and urinary ALA and PBG, as well as exploratory assessments of total urinary porphyrins, serum 
and/or urinary ALAS1 mRNA concentration and/or other serum or plasma exploratory biomarkers.  
The relationships between PD measurements (eg, ALA and PBG concentrations, ALAS1 mRNA 
and PBG concentrations) will be explored and the strengths of the relationships will be assessed 
whenever possible.  Exploratory analyses will examine the associations between PD measures and 
clinical activity assessments (below) whenever possible.  Summary tables, listings, and figures will 
be generated.  

11.2.6. Clinical Activity Analyses 
Clinical activity in Part C will be analyzed primarily via descriptive statistics.  Clinical activity of 
ALN-AS1 will be assessed by number of attacks, hematin and pain medication use, and number 
and duration of hospitalization(s).  Analyses will include a comparison of each patient’s hematin 
and pain medication usage and number of attacks in the Treatment period versus the Run-in 
period.  Exploratory analyses will examine associations between PD measures (above) and clinical 
activity measures. 

11.2.7. Interim analysis 
There is no formal interim analysis planned for this study. 

11.2.8. Missing Data 
Unrecorded values will be treated as missing.  The appropriateness of the method(s) described for 
handling missing data will be reassessed and documented at the data review before database lock.  
Depending on the extent of missing values, further investigation may be made into the sensitivity 
of the analysis results to the method(s) specified. 

Alnylam Pharmaceuticals Confidential 79 



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

12. DIRECT ACCESS TO SOURCE DATA/DOCUMENTS 

12.1. Quality Assurance and Quality Control 
The Investigator will permit trial-related monitoring, audits and review by the IEC/IRB, providing 
direct access to source data/documents.  The study may be subject to audit by the Sponsor or its 
representatives.  If such an audit occurs, the Investigator must agree to allow access to the required 
patient records.  In the event of an audit, the Investigator agrees to allow the Sponsor, 
representatives from the Sponsor, or regulatory agencies access to all study records. 

12.2. Monitoring 
All aspects of the study will be carefully monitored by the Sponsor, or designee, for compliance 
with applicable government regulations with respect to Good Clinical Practice (GCP) and current 
standard operating procedures.  

The monitoring of this study will be performed by the Sponsor’s Monitor(s) or a designee in 
accordance with the principles of GCP as laid out in the International Conference on 
Harmonization (ICH) “Good Clinical Practice: Consolidated Guideline”. 

The clinical monitor, as a representative of the Sponsor, has an obligation to follow the study 
closely.  In doing so, the monitor will visit the Investigator and site periodically as well as maintain 
frequent telephone and letter contact.  The monitor will maintain current personal knowledge of 
the study through observation, review of study records and source documentation and discussion 
of the conduct of the study with the Investigator and staff. 
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13. STUDY REPORTING REQUIREMENTS 
The Sponsor will immediately notify the Investigator of important safety data (eg, toxicology; 
absorption, distribution, metabolism, excretion, teratology) that becomes available during the 
course of this study. 

The Investigator will submit reports of SAEs as outlined in this protocol.  In addition, the 
Investigator agrees to submit progress reports to his/her IEC/IRB per local reporting requirements, 
or at least annually and at the conclusion of the study.  The reports will be made available to the 
Sponsor or designee. 

Deviations from the protocol necessary to protect patient safety should be reported to the Medical 
Monitor and the Sponsor within 24 hours of knowledge of the event. 

Any communications from regulatory agencies in regard to inspections, other studies that impact 
this protocol or the qualifications of study personnel should be promptly reported to the Sponsor. 
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14. ETHICS 

14.1. Informed Consent 
The informed consent is a process by which a patient voluntarily confirms his/her willingness to 
participate in a clinical trial.  It is the responsibility of the Investigator to obtain a written informed 
consent from (ICF) each patient participating in the trial, after explanation of the aims, methods, 
benefits and potential hazards of the trial and in accordance with GCP requirement 
(CPMP/ICH/135/95) and Directive 2001/20/EC.   

The information sheet and consent form given to the patient should be kept clear, relevant and 
understandable, including those measures taken to safeguard patient privacy and the protection of 
personal data 

The Investigator should provide the patient with sufficient time to decide whether or not to 
participate in the trial.  The patient should also be provided with a contact point where he/she may 
obtain further information. 

If more than the ICF constitutes the materials to be used in the consenting process, the patient 
information sheet, consent form and/or form for the protection of personal data should be 
translated into the local language and adapted to local requirements (eg, in respect to data 
protection).  Only the approved version of the ICFcan be used in the center. 

The signatures of the consent form and the protection of personal data form must be obtained 
BEFORE any trial specific procedures are performed on the patient.  The Investigator must keep 1 
form personally signed and dated by the patient on file and a copy must be delivered to the patient.  
The informed consent must be documented in the source records.  The patient should be informed 
if new information becomes available that might be relevant to the patient’s willingness to 
continue participation in the study. 

14.2. Independent Ethics Committee / Institutional Review Board Approval 
It is the responsibility of the Investigator to submit this protocol, the informed consent document 
(approved by Sponsor), all relevant supporting information, and study specific advertisements to 
the IEC/IRB for review.  Before the study onset, the protocol, any protocol amendments, ICFs, 
advertisements to be used for patient recruitment, and any other written information regarding this 
study to be provided to a patient or patient’s legal guardian must be approved by the IEC/IRB. 

Before implementing changes in the study, Sponsor and the IEC/IRB must also approve any 
revised informed consent documents and substantial amendments to the protocol. 

National regulations and ICH require that approval be obtained from an IEC/IRB before 
participation of patients in research studies. 

The Investigator will make all attempts to ensure that the IEC/IRB is constituted and operates in 
accordance with ICH GCP and any local regulations. 
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14.3. Confidentiality  
The Investigator agrees to maintain the confidentiality of the study at all times.  By signing the 
final protocol, each Investigator agrees to keep all information and results concerning the study 
and the investigational product confidential for as long as the data remain unpublished.  This 
confidentiality obligation applies to all personnel involved at the investigational site. 

The Investigator must ensure that patient anonymity will be maintained.  On documents submitted 
to the Sponsor, patients should not be identified by their names, but by the assigned patient number 
and initials.  If patient names are included on copies of documents, the names (except for initials) 
will be obliterated and the assigned patient number added to the document before submission to 
the Sponsor.  Documents not for submission to the Sponsor (eg, signed ICFs) should be maintained 
by the Investigator in strict confidence. 

Following GCP principles, a patient number will be used to identify the patient in their study 
records.  Laboratory samples and samples in storage will be labeled with only the patient number; 
the identity of the patient will only be known by the clinical study center.  An independent 
numbering code and the label will not contain any other personal identification information.  The 
numbering code associated with these labels will be held by the study CRO and the Sponsor, 
thereby allowing no unwarranted access to the information.  When reporting results for interim 
safety assessment and at the end of the study, the code will be shared per standard operating 
procedures with the responsible member of the Biostatistical and Data Management Departments 
of the CRO (as applicable).  The numbering code will also be held for samples in storage until 
marketing approval in the countries where this study was conducted, or until notified that storage 
is no longer required. 

Alnylam Pharmaceuticals Confidential 83 



ALN-AS1  Clinical Study Protocol ALN-AS1-001 
  22 December 2014 

15. DATA HANDLING AND RECORD KEEPING 

15.1. Inspection of Records 
Sponsor will be allowed to conduct clinical trial site visits to the investigation facilities for the 
purpose of monitoring any aspect of the study.  The Investigator agrees to allow the monitor to 
inspect the drug storage area, study drug stocks, drug accountability records, patient charts and 
study source documents, and other records relative to study conduct. 

15.2. Retention of Records 
Essential study documents should be retained for the period of time required by applicable local 
law.  The essential documents include the signed and dated final protocol, signed and dated 
amendments(s), if applicable, signed and dated Curriculum Vitae of the Investigators, copies of the 
completed eCRFs, signed ICFs, IEC/IRB approval and all related correspondence, financial 
agreements, regulatory approval, drug accountability, study correspondence, and patient 
identification codes.  Records will not be destroyed without informing the Sponsor in writing and 
giving the Sponsor the opportunity to store the records for a longer period of time at the expense of 
the Sponsor. 

The ICH requires that patient identification codes be retained for at least 15 years after the 
completion or discontinuation of the study. 
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16. PUBLICATION POLICY 
It is intended that after completion of the study, the data are to be submitted for publication in a 
scientific journal and/or for reporting at a scientific meeting.  A copy of any proposed manuscript 
will be provided and confirmed received at the Sponsor at least 30 days before its submission, and 
according to any additional publication details in the Investigator Agreement. 
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The concepts and information contained in this document or generated during the study are 
considered proprietary and may not be disclosed in whole or in part without expressed written 

authorization of Alnylam Pharmaceuticals, Inc. 
The study will be completed according to guidelines of Good Clinical Practice.  Compliance with this 

practice provides public assurance that the rights, safety, and well-being of study subjects are 
protected consistent with the principles that have their origin in the Declaration of Helsinki. 
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INVESTIGATOR’S AGREEMENT 
 

I have read the protocol for the clinical study ALN-AS1-001 and agree to conduct the study as 
outlined.  I agree to maintain the confidentiality of all information received or developed in 
connection with this protocol. 

 

 

 

             

Printed Name of Investigator 

 

             

Signature of Investigator 

 

       

Date 
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PROTOCOL SYNOPSIS 

Name of Sponsor/Company:  Alnylam Pharmaceuticals, Inc. 

Name of Investigational Product:  ALN-AS1  

Name of Active Ingredient:  ALN-60519 

Title of Study:  A Phase 1, Single-ascending Dose, Multiple-ascending Dose, and Multi-dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously Administered 
ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

Study Center(s):  This study will be conducted at up to 8 study centers in the European Union (EU) 
and United States of America (USA). 

Phase of Development: 1 

Objectives:  
Primary: 
The primary objective of the study is to evaluate the safety and tolerability of ALN-AS1 in AIP 
patients who are asymptomatic high excreters (ASHE) and in AIP patients who experience recurrent 
attacks. 
Secondary: 
 To characterize the pharmacokinetics (PK) of ALN-AS1 in AIP patients who are asymptomatic 

high excreters (ASHE) and in AIP patients who experience recurrent attacks 
 To assess the pharmacodynamic (PD) effect of ALN-AS1 on plasma and urine levels of delta 

aminolevulinic acid (ALA) and porphobilinogen (PBG) in AIP patients who are ASHE and in AIP 
patients who experience recurrent attacks 

Exploratory 
 To assess additional analytes in AIP patients who are ASHE and in AIP patients who experience 

recurrent attacks  
 Part C only:  To assess the clinical activity of ALN-AS1 in AIP patients who experience recurrent 

attacks 

Methodology:  This study is designed to evaluate the safety, tolerability, PK, and PD of ALN-AS1 in a 
randomized, placebo-controlled manner in AIP patients who are ASHE, and in AIP patients who 
experience recurrent attacks.  The clinical activity of ALN-AS1 in AIP patients who experience 
recurrent attacks will also be explored.  The study will be conducted in 3 parts:  a single-blind, 
single-ascending dose (SAD) phase in AIP patients who are ASHE (Part A); a single-blind, 
multiple-ascending dose (MAD) phase in AIP patients who are ASHE (Part B); and a double-blind, 
multi-dose (MD) phase in AIP patients who experience recurrent attacks (Part C).  
A Safety Review Committee (SRC) will perform ongoing reviews of safety, tolerability, and available 
PD data at predefined decision points or upon the occurrence of potential dose-limiting toxicities 
(DLTs) to ensure the acceptability of continued dosing, and/or dose escalation to subsequent cohorts, 
and/or for the implementation of alternative dose levels and dosing regimens, and/or the need for 
optional cohorts, and/or the transition from Part A to Part B, and from Part B to the Treatment period 
of Part C.  Additional ad hoc SRC meetings may take place to discuss time-sensitive safety issues as 
needed.   
Part A:  Single-ascending Dose Phase 
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Part A (SAD phase) is designed to assess single-ascending doses of ALN-AS1.  Up to 16 ASHE 
patients will be dosed in 4 cohorts.  Each cohort will be comprised of 4 patients randomized 3:1 to 
receive a subcutaneous (SC) dose of ALN-AS1 or placebo.  Part A is single-blind, and only patients 
will be blinded to treatment.  A sentinel strategy will be employed for the first 2 patients of every new 
dose level to ensure that only 1 patient receives active drug at each new dose level (1 active: 
1 placebo).  If the dose is deemed safe and tolerable and no DLTs are observed, the same dose will be 
administered to the remaining 2 patients in that cohort, at least 4 days after dosing the sentinel group.  
All patients will be followed for safety, tolerability, PK, and PD assessments through approximately 6 
weeks following the last dose of study drug. 
Part B:  Multiple-ascending Dose Phase 
Part B (MAD phase) is designed to assess multiple-ascending doses of ALN-AS1.  Up to 8 ASHE 
patients will be dosed in 2 cohorts.  Each cohort will be comprised of 4 patients randomized 3:1 to 
receive SC doses of ALN-AS1 or placebo over a 4 week period.  Part B is single-blind, and only 
patients will be blinded to treatment.  Patients will be followed for safety, tolerability, PK, and PD 
assessments through approximately 6 weeks following the last dose of study drug.  
Parts A and B: 
In both Part A (SAD phase) and Part B (MAD phase), patients will be screened to confirm eligibility 
before administration of study drug.  Patients enrolled in Part A will be admitted to the study center for 
predose assessments on the day before dosing or in the morning of Day 0 and discharged from the 
study center after completing the 24-hour postdose assessments.  Patients enrolled in Part B will be 
admitted to the study center for predose assessments the day before or in the morning of Days 0 and 28 
and will remain at the study center until they complete the 24-hour postdose assessments on those days.  
In both study parts, patients will return to the study center for assessments; certain study visits may be 
replaced by at-home assessments by visiting nurses, at the Investigator’s discretion. 
Patients who complete Part A can participate in Part B if they have signed informed consent for Part B 
and continue to meet eligibility criteria.  Patients rolling over to Part B are not required to complete a 
Screening visit if they completed the end-of-study (EOS) assessments from Part A within 60 days of 
the first scheduled study drug administration in Part B, and if their urine PBG level is >4 mmol/mol 
creatinine (Cr).  Patients in Part B who did not participate in Part A are required to complete all 
Screening visit procedures before enrolling in Part B. 
For patients in Part A and Part B, if urine ALA or PBG levels have not returned to ≥80% of Day 0 
predose levels at the Day 42/ET or Day 70/ET visit, respectively, urine levels will be monitored 
(Q2W±4D for 8W; then Q4W±7D) until ALA or PBG returns to ≥80% of Day 0 predose levels, or if 
monitored for ≥18 months following final ALN-AS1 dose, patients may complete the EOS visit per 
Investigator judgment.  Urine samples may also be analyzed for exploratory ALAS1 mRNA. 
Based on safety and PD data, up to 4 optional cohorts, each consisting of 4 patients randomized 3:1 to 
receive ALN-AS1 or placebo, may be enrolled in either Part A or Part B (total n=16).  Optional 
cohorts, if enrolled, may: 

 escalate to a higher dose, de-escalate to a lower dose, and/or to an intermediate dose level(s) of 
ALN-AS1 administered in Part A or Part B; 

 repeat a dose level if a safety signal in Part A or Part B (not meeting a stopping rule) indicates 
that further dose escalation may affect the safety of the study patients, or to further characterize 
PK or PD markers; or 

 evaluate ALN-AS1 dosing in patients with higher urine PBG values (PBG ≥25 mmol/mol Cr), 
or examine alternative dose levels or dosing regimens in Part B.   

Part C :  Multi-dose Phase 
Part C (MD phase) is designed to assess multiple doses of ALN-AS1 in AIP patients who experience 
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recurrent acute attacks of porphyria.  Patients will be screened to confirm eligibility at the start of a 
Run-in period, during which patients will report to the study center to capture information about 
porphyria medical history, symptoms, and attacks; certain study visits may be replaced by at-home 
assessments by visiting nurses or by phone calls, at the Investigator’s discretion.  The Run-in period 
will be a minimum of 4 weeks, but may last up to 24 weeks to enable the completion of dosing in 
Part B and the selection of the appropriate dosing regimen(s) for the Treatment period of Part C.  In 
order to be randomized, patients must have experienced at least 1 porphyria attack during the Run-in 
period (a porphyria attack is defined as intense abdominal or back pain requiring hospitalization, 
hematin use, or treatment consisting of increased carbohydrate intake and/or administration of pain 
medication).  Patients may re-enroll in the Run-in period if no attacks were experienced during this 
period and provided they continue to meet eligibility criteria for the study. 
Part C will be conducted in a double-blind manner, where the patient and Investigator are both blinded 
(the sponsor and CRO are not blinded).  Up to 24 patients will be randomized in 6 cohorts of 4 patients.  
Up to 1 cohort will be dosed initially, with an option to dose up to 5 additional cohorts using the same 
or a different dose level/dosing regimen.  Eligible patients will be admitted to the study center on Day 0 
to determine continued study eligibility and for predose assessments.  Patients in each cohort will then 
be randomized 3:1 to receive SC doses of ALN-AS1 or placebo and will remain at the study center 
until they complete the 24-hour postdose assessments.  Patients will receive SC doses of ALN-AS1 
over a period of 12 weeks, starting on Day 0.  Patients will return to the clinical site on an outpatient 
basis to receive additional doses.  Patients will also be admitted to the study center for predose 
assessments on Day 84 and will remain at the study center until they complete the 24-hour postdose 
assessments.  Patients will be followed for safety, tolerability, PK, PD, and clinical activity 
assessments through approximately 12 weeks following the last dose of study drug.   
Upon completion of Part C of this study patients may be eligible to participate in an open-label 
extension study (ALN-AS1-002). In patients who do not enroll in the OLE study, ALA or PBG urine 
levels will be monitored for 6 months following the final AS1 dose.  Urine samples may also be 
analyzed for exploratory ALAS1 mRNA.  Patients may submit the samples to study center via mail or 
visit the study center on an outpatient basis.   
Patients in Part C will be encouraged to report to the study center for clinical care and additional 
assessments if they experience an attack at any time from the first day of the Run-in period through the 
EOS visit. 

Number of Patients (Planned): Up to 72 AIP patients will be enrolled in this study. Up to 16 patients 
will be enrolled in Part A (SAD phase). Up to 8 patients will be enrolled in Part B (MAD phase). And, 
up to 16 patients may be enrolled in optional Part A or Part B cohorts. To account for dropouts, in 
order for up to 24 patients to complete the treatment period, it is anticipated that up to 32 patients may 
be enrolled in Part C (MD phase). 

Diagnosis and Eligibility Criteria for Parts A and B:  Adult male and female AIP patients who are 
ASHE meeting the following eligibility criteria will be enrolled in Part A (SAD phase) and/or Part B 
(MAD phase): 
Inclusion Criteria for Parts A and B: 

1. Adult male or female patients aged 18 to 65 years inclusive;   
2. Patients with a diagnosis of AIP, defined as a genetic test showing documentation of a mutation 

in the PBG deaminase (PBGD; also called hydroxymethylbilane synthase [HMBS]) gene;   
3. Patients with a urine PBG level >4 mmol/mol Cr during the Screening period.   
4. Patients who do not have clinically significant health concerns as determined by medical 

history, physical examination, and 12-lead electrocardiogram (ECG), and as judged by the 
Investigator; 
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5. Women of child-bearing potential (WOCBP) must have a negative pregnancy test, cannot be 
breastfeeding, and must be willing to use an acceptable method of contraception 14 days before 
dosing, throughout study participation, and for 42 days after administration of the last dose of 
study drug; 

6.  Patient, or patient’s legal representative, is able and willing to provide written informed 
consent and the patient is willing to comply with the study requirements.  A patient who 
participates in both Parts A and B must provide consent before participating in each study part. 

Exclusion Criteria for Parts A and B: 
1. Patients who have experienced an acute porphyria attack (defined as intense abdominal or back 

pain requiring hospitalization, hematin use, treatment consisting of increased carbohydrate 
intake and/or pain medication use) within 6 months of study drug administration; 

2. Patients who have started a new chronic prescription medication treatment regimen within 3 
months of study drug administration;  

3. Patients with any of the following:  alanine aminotransferase (ALT) and/or total bilirubin 
(TBIL) above the upper limit of normal (ULN) confirmed by retest; aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), or gamma glutamyl transpeptidase (GGT) >2 × ULN 
confirmed by retest, or if AST, ALP, or GGT > ULN, but ≤ 2 × ULN, confirmed by retest and 
considered clinically relevant by the Investigator; 

4. Patients with an Estimated Glomerular Filtration Rate (eGFR) <45 mL/min/1.73 m2 (using the 
Modification of Diet in Renal Disease [MDRD] formula) confirmed by retest; 

5. Patients who have used a gonadotropin-releasing hormone analog within 30 days of study drug 
administration;  

6. Patients who have active serious mental illness, including, but not limited to, schizophrenia, 
bipolar disorder, and severe depression requiring current pharmacological intervention; 

7. Patients with a history of multiple drug allergies or history of allergic reactions to an 
oligonucleotide or to N-acetylgalactosamine (GalNAc); 

8.  Patients with a history of intolerance to SC injections; 
9. Patients with a history of alcoholism and/or drug abuse within 2 years of study drug 

administration; 
10. Patients with chemistry, hematology, and urinalysis safety laboratory test results deemed 

clinically significant by the Investigator; 
11. Patients with known hepatitis C virus (HCV) or human immunodeficiency virus (HIV) 

infection; or evidence of current or chronic hepatitis B (HBV) infection;  
12. Patients who have received an investigational agent within 3 months before administration of 

study drug or who are in follow-up of another clinical study of an investigational agent at the 
time of study drug administration; note: this criterion does not apply to patients in Part A 
rolling over to Part B; 

13. Any condition (eg, medical concern), which in the opinion of the Investigator, would make the 
patient unsuitable for enrollment or could interfere with the patient’s participation in, or 
completion of, the study. 

Note:  For patients rolling over from Part A to Part B, eligibility for Part B may be based on Part A 
EOS assessments, since patients are not required to complete a Screening visit for Part B if they have 
completed all Part A EOS assessments within 60 days of planned study drug administration in Part B 
and have a urine PBG level >4 mmol/mol Cr. 

Diagnosis and Eligibility Criteria for Part C:  Adult male and female patients with AIP who 
experience recurrent attacks of porphyria and who meet the following eligibility criteria can participate 
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in Part C of this study: 
Inclusion Criteria for Part C: 

1. Adult male or female patients aged 18 to 65 years inclusive; 
2. Patients with a diagnosis of AIP, defined as a genetic test showing documentation of a mutation 

in the PBGD (also called HMBS) gene; 
3. Patients who have recurrent porphyria attacks defined as 1 of the following: 

 Not on a scheduled regimen of hematin to prevent porphyria attacks at the start of the Run-
in period who have experienced a porphyria attack (defined as intense abdominal or back 
pain requiring hospitalization, hematin use, treatment consisting of increased carbohydrate 
intake and/or pain medication use) at least 2 times during the 6 months before initiation of 
the Run-in period 

 On a scheduled regimen of hematin to prevent porphyria attacks at the start of the Run-in 
period and is willing to stop scheduled hematin use during the Run-in and Treatment 
periods 

4. Patients are willing to mail urine samples collected during an attack if they are not being 
treated at the study center;  

5. WOCBP must have a negative pregnancy test, cannot be breastfeeding, and must be willing to 
use an acceptable method of contraception 14 days before dosing, throughout study 
participation, and for 90 days after administration of the last dose of study drug; 

6. Patient, or patient’s legal representative, is able and willing to provide written informed 
consent and the patient is willing to comply with the study requirements. 

Exclusion Criteria for Part C: 
1. Patients with any of the following:  alanine aminotransferase (ALT) and/or total bilirubin 

(TBIL) above the upper limit of normal (ULN) confirmed by retest; aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), or gamma glutamyl transpeptidase (GGT) >2×ULN 
confirmed by retest, or if AST, ALP, or GGT >ULN, but ≤2×ULN, confirmed by retest and 
considered clinically relevant by the Investigator; 

2. Patients with an eGFR <30 mL/min/1.73 m2 (using the MDRD formula) confirmed by retest; 
3. Patients with a history of multiple drug allergies or history of allergic reaction to an 

oligonucleotide or to GalNAc; 
4. Patients with a history of intolerance to SC injection(s); 
5. Patients with a history of alcoholism and/or drug abuse within 2 years of the Screening visit; 
6. Patients with known HCV or HIV infection; or evidence of current or chronic HBV infection; 
7. Patients who have received an investigational agent within 3 months before administration of 

study drug or who are in follow-up of another clinical study of an investigational agent at the 
time of study drug administration;  

8. Any condition (eg, medical concern), which in the opinion of the Investigator, would make the 
patient unsuitable for dosing on Day 0 or could interfere with the patient’s participation in, or 
completion of, the study. 

Investigational Product, Dosage and Mode of Administration:  
Part A:  SAD Phase 
Patients randomized to receive ALN-AS1 will be administered a single, SC injection of ALN-AS1 at 
the following planned cohort dose levels: 

 0.10 mg/kg 
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 0.35 mg/kg 
 1.0 mg/kg 
 2.5 mg/kg 

Doses listed above represent the planned doses for each Part A cohort.  The starting dose will be no 
higher than 0.10 mg/kg, and subsequent doses will be determined by the SRC based on safety and PD 
data reviewed.  Any dose increases above 2.5 mg/kg in Part A will not exceed 2.5-fold the previous 
safe and well-tolerated dose and will require SRC approval.  The highest dose in Part A of the study 
will not exceed 8.5 mg/kg.  The SRC will review a minimum of 4-day postdose safety and available 
PD data from all patients in at least the first 3 Part A dose level cohorts before progression to Part B. 
 
Part B:  MAD Phase 
Patients randomized to receive ALN-AS1 will be administered ALN-AS1 SC at the following planned 
cohort dose levels: 

 1.0 mg/kg 
 2.5 mg/kg 

Doses listed above represent the planned doses for each Part B cohort.  Actual doses and dosing 
regimens will be determined by the SRC based on safety and PD data obtained from prior dose cohorts 
in Part A and B.  Doses in Part B will be no higher than a dose previously determined to be safe and 
well-tolerated in Part A.  The highest dose in Part B of the study will not exceed 8.5 mg/kg.  Study 
drug will not be administered more often than weekly, but may also be administered less frequently 
(eg, every 2 weeks, quarterly, or monthly).  Both cohorts in Part B may be dosed at the same time 
provided the doses being administered have already been previously found to be safe and well-tolerated 
when administered as single doses in Part A. 
The SRC will review a minimum of 7-day post last dose safety data and available PD data, from all 
patients in the first 2 Part B cohorts, before initiation of dosing in Part C.  The dose(s) selected for 
Part C will be no higher than a dose determined to be safe and well tolerated in Parts A or B. 
 
Part C:  MD Phase 
Up to 6 dose levels and dosing regimens of ALN-AS1 for SC administration will be selected for Part C 
based on the safety and any available PD data obtained from Part A and Part B or evolving data from 
Part C.  Study drug will not be administered more often than weekly, but may also be administered less 
frequently (eg, every other week, monthly, every 2 months, and quarterly). Weight-based or fixed 
dosing regimens may be employed. The highest dose in Part C of the study will not exceed 8.5 mg/kg. 

Reference Therapy, Dosage and Mode of Administration:  Placebo will be prepared by the site 
pharmacy.  A 0.9% saline solution (for SC administration) will be prepared so that it appears identical 
to doses of ALN-AS1. 

Duration of Treatment: 
Part A:  The planned time on study from the Screening Period through the Outpatient Period is up to 
102 days (approximately 14 weeks; up to 60 days for screening and 42 days of study assessments). 
Part B:  The planned time on study from the Screening Period through the Outpatient Period is up to 
130 days (approximately 18 weeks; up to 60 days of screening, 28 days of dosing, and 42 days of 
additional study assessments). 
Patients participating in both Parts A and B sequentially will participate for approximately 172 days 
(approximately 24 weeks [6 months]). 
In Parts A and B, the planned time on study could be extended to allow additional monitoring until 
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urine ALA or PBG levels return to ≥80% of Day 0 predose levels or if monitored for ≥18 months 
following final ALN-AS1 dose, patients may complete the EOS visit per Investigator judgment.  
Depending on the follow-up time required to monitor recovery of ALA or PBG levels, the total time on 
study (including Screening) is estimated to be up to 20 or 21 months, for Parts A and B, respectively. 
Part C:  The planned time on the study from the Run-In period through the post-treatment Return 
Visits is up to 336 days (48 weeks; 4-24 weeks for the Run-In period, 12 weeks of dosing, and 
12 weeks of post-treatment, Return Visits). In patients who do not enroll in the OLE study, the total 
time on study may be up to 420 days (60 weeks; 4-24 weeks for the Run-In period, 12 weeks of dosing, 
and 12 weeks of post-treatment, Return Visits, and additional 12 weeks to follow-up/EOS Visit/phone 
call [ALA and PBG monitoring 6 months following last dose]). 
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Criteria for Evaluation: 
Safety:  The safety of ALN-AS1 will be evaluated by: 

 Assessment of adverse events (AEs) 
 Clinical laboratory safety tests (including, but not limited to, hematology, serum chemistry, 

and urinalysis) 
 Vital sign measurements (blood pressure, heart rate, body temperature, and respiratory 

rate) 
 12-lead ECG 
 Body weight 
 Physical examinations  
 Concomitant medications 

Pharmacokinetics:  Blood and urine samples will be collected at predefined time points after single 
and multiple doses (as applicable) for determination of ALN-AS1 plasma and urine concentrations 
which will be used for calculation of ALN-AS1 PK parameters.  Exploratory analyses may also be 
conducted to include identification of ALN-AS1 metabolites. 
Pharmacodynamics:  The following biomarkers will be evaluated for assessment of the PD effect(s) 
of ALN-AS1: 

 Plasma and urine PBG levels 
 Plasma and urine ALA levels 

Exploratory:  The following may be assessed: 

 In Part A, Part B, and Part C, the following analytes may be assayed:  

o Antidrug antibodies  
o Serum and/or urinary 5-aminolevulinic acid synthase (ALAS1) messenger ribonucleic 

acid (mRNA) using a circulating extracellular RNA detection (cERD) assay 
o Other serum or plasma exploratory biomarkers related to the expression of 

hepatocyte-derived proteins and/or the induction of ALAS1 

 In Part C only, exploratory clinical activity of ALN-AS1 will be assessed by the following: 

o Frequency, duration, and severity of porphyria attacks 
o Hematin and pain medication use  
o Number and duration of hospitalizations 
o Patient questionnaires (screening porphyria assessment, monthly porphyria 

self-assessment, attack symptom form 
o EQ-5D-5L quality of life instrument 

Statistical Methods:  Statistical analyses will be primarily descriptive in nature.  Data from Parts A, B, 
and C will be analyzed separately but some analyses may be performed on pooled data.  Summary 
tables will present results by treatment group.  AE summaries will include tabulations of all treatment-
emergent adverse events (TEAEs), TEAEs by maximum severity, and TEAEs by relationship to study 
drug.   
By-patient listings will be provided for deaths, serious adverse events, DLTs, and AEs leading to 
discontinuation from study treatment.  Laboratory parameter shifts from baseline to low or high 
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post-baseline values will be presented.  Mean laboratory values over time will be plotted by dose 
group.  Descriptive statistics will be provided for clinical laboratory data and vital signs.  ECG and 
physical examination data will be listed by patient.  
Pharmacokinetic parameters will be derived from the plasma and urine ALN-AS1 concentration data 
by noncompartmental analysis.  Pharmacokinetic parameters will be listed for each patient and each 
treatment, along with summary statistics including arithmetic and geometric means, standard 
deviations, minimum, maximum and median values, and coefficients of variation, where appropriate.  
Pharmacokinetic data will also be displayed graphically, as appropriate.  Exploratory analyses on the 
relationship between PK, PD, and safety data may be investigated.  
Pharmacodynamic data from all study phases, including PBG and ALA levels, will be assessed 
descriptively whenever possible, and summary statistics will be provided.  Associations between PD 
variables will be explored. 
For Part C, the exploratory clinical activity of ALN-AS1 in Part C will be analyzed primarily by 
descriptive statistics.  Analyses will include, but are not limited to, a comparison of the following:  
number, duration, and severity of porphyria attacks; hematin and pain medication use; number and 
duration of hospitalizations; screening porphyria questionnaires; porphyria self-assessments; attack 
symptom inventory forms; EQ-5D-5L index scores; and EQ-5D VAS scales between study periods and 
between active and placebo cohorts.  Possible associations between PD parameters (PBG, ALA, and 
ALAS1 mRNA levels) and clinical activity parameters will also be explored. 
Additional exploratory analyses may be conducted on ALAS1 mRNA and other exploratory 
biomarkers related to the expression of hepatocyte-derived proteins and/or the induction of ALAS1. 
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Table 1: Schedule of Assessments – Part A (Single-ascending Dose Phase) 

Procedures Screening 
Perioda 

Inpatientb 

Dischargec 
Return Visitsd 

(Outpatient) ALA/PBG 
Monitoringg 

Predose Dosing 

Study Week W0 W0 W0 W0 W1 W2 W3 W4 W6 

Study Day D-60 to -2 D-1 or D0 D0 D1 D4±2e D7±2e D14±2 D21±2 D28±2 D42±2/ETf 

Q2W±4D for 
8W; then 

Q4W±7D/EOS 

Informed Consent X           

Demographics X           

Medical Historyh X X          

Inclusion/Exclusion X           

Randomization   X         

Pregnancy Testi X X        X  

FSHj and Viral Serologyk X           

Physical Examl X X  X   X  X X  

Body Weight and 
Heightm X Xm        X  

BMI Calculation X         X  

Vital Signsn X Xn Xn X X X X X X X  

Triplicate 12-lead ECG X X  X      X  

Chem, Hem, and UA X Xo  X X X X X X X  

Cytokines/CRPp   Xp X        

Study Drug Adminq   X         

Urine and Plasma PBG 
and ALAr X Xs  Xs X X X X X X X X 

Exploratory Biomarkerst X X  X X X X X X X X 

Antidrug Antibodies  X     X  X   
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Table 1: Schedule of Assessments – Part A (Single-ascending Dose Phase) 

Procedures Screening 
Perioda 

Inpatientb 

Dischargec 
Return Visitsd 

(Outpatient) ALA/PBG 
Monitoringg 

Predose Dosing 

Study Week W0 W0 W0 W0 W1 W2 W3 W4 W6 

Study Day D-60 to -2 D-1 or D0 D0 D1 D4±2e D7±2e D14±2 D21±2 D28±2 D42±2/ETf 

Q2W±4D for 
8W; then 

Q4W±7D/EOS 

Plasma PKu  X X X X X X X X X  

Urine PKv  X X X X X X X X X  

Phone contact           X 

Concomitant Meds X 

Review/Record AEsw   X 

Abbreviations:  Admin = administration; AE = adverse events; ALA = delta-aminolevulinic acid; BMI = body mass index; Chem = serum chemistry; 
CRP = C-reactive protein; D = day; ECG = electrocardiogram; EOS = end-of-study; ET = early termination; FSH = follicle-stimulating hormone; 
HbsAb = hepatitis B surface antibody; HbsAg = hepatitis B surface antigen; HCV = hepatitis C virus; Hem = hematology; HIV =  human immunodeficiency 
virus; M = month; Meds = medications; PBG = porphobilinogen; Physical Exam = physical examination; PK = pharmacokinetics; Q = every; SAD = single-
ascending dose; SC = subcutaneously; TEAE = treatment-emergent adverse event; UA = urinalysis; W= week. 
a. Screening assessments may be performed during multiple clinic visits during the Screening period.  PBG samples may be retested during the Screening 

period if deemed acceptable by the Investigator.  Patients may be provided with laboratory kits and instructions to collect urine samples to send in by mail 
to the study center instead of returning to the site for PBG retesting. 

b. Patients will be admitted to the study center on Day -1 or the morning of Day 0 for dosing and remain at the study center for at least 24 hours following 
dosing.  The inpatient period may be prolonged for reasons of operational efficiency, or if it is considered clinically necessary by the Investigator on an 
individual patient-by-patient basis, and/or if the SRC considers it necessary for determining safety and tolerability for upcoming dose levels/patients. 

c. Patients will be discharged from the study center following completion of all Day 1 assessments. 
d. Certain study visits may be replaced by at-home assessments by visiting nurses, at the Investigator’s discretion. 
e. Day 4 and Day 7 outpatient visits cannot be combined, separate visits on consecutive days are allowed. 
f. If a patient withdraws or is discontinued before Day 42, then ET assessments should be performed. 
g. If urine ALA or PBG levels have not returned to ≥80% of Day 0 predose levels at the Day 42/ET visit, urine levels will be monitored until ALA or PBG 

returns to ≥80% of Day 0 predose levels, or if monitored for ≥18 months following final ALN-AS1 dose, patients may complete the EOS visit per 
Investigator judgment.  Patients will be provided with laboratory kits and instructions to collect urine samples to send in by mail to the study center.  
Patients will be contacted by phone with reminders to send samples. 

h. In addition to a detailed medical history, urine PBG data obtained within 12 months of study drug administration will be collected, if available.  Interval 
medical history will be collected before dosing on Day 0.  Changes in medical history following dosing on Day 0 will be captured as TEAE(s) or 
concomitant medication(s), as appropriate. 
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i. For females of childbearing potential only.  Additional pregnancy tests may be performed during the study at the Investigator’s discretion. 
j. For postmenopausal females only. 
k. Serology includes hepatitis B surface antibody (HbsAb), hepatitis B surface antigen (HbsAg), anti-hepatitis C virus (HCV) antibody , and human 

immunodeficiency virus I and II (HIV I and II). 
l. A full physical examination will be performed at Screening, on Days 0, 42, and/or at ET.  A focused physical examination will be performed on Days 1, 

14, and 28. 
m. Either the Day -1 or Day 0 (predose) weight may be used for ALN-AS1 dose calculation.  Height will only be measured at Screening. 
n. Vital signs include blood pressure, heart rate, body temperature, and respiratory rate.  Vital signs will be measured in the supine position after the patient 

has rested comfortably for at least 10 minutes.  On Day 0 only, vital signs will be measured predose on the day of dosing and 30 min (±5 min) and 4 hours 
(±15 min) postdose. 

o. Results from the laboratory samples collected predose are not needed prior to dosing. 
p. Blood for measurement of cytokines and CRP will be collected immediately predose (within 10 minutes of dosing), and at 2, 6, and 24 hours (±15 min) 

postdose. 
q. Study drug will be injected SC into the abdomen, or if necessary, into the thigh or upper arm. 
r. Urine and plasma ALA and PBG levels may be measured by a local laboratory and confirmed by a central laboratory or measured by a central laboratory 

only.  No more than 2 additional optional samples will be collected. 
s. Blood samples for plasma ALA and PBG on Day 0 will be collected within 1 hour before dosing, at 6 hours (±10 min), and 8 hours (±20 min).  Samples 

for the measurement of urine ALA and PBG levels on Day 0 will be aliquoted from the following urine PK collection intervals:  predose, 0-6 hours 
(±30 min), and 6-12 hours (±30 min); on other days, spot urine samples will be used for measurement of ALA and PBG levels.  Optional ALA and PBG 
blood or urine samples may be collected and/or collection time points adjusted based on preliminary data, in order to accurately characterize the PD effects 
of ALN-AS1.  No more than 2 additional optional samples will be collected. 

t. Plasma, serum, and urine samples will be collected for exploratory biomarker assessments.  For ALA/PBG monitoring after Day 42, collect urine samples 
only. 

u. Blood samples for plasma PK analysis will be collected at the time points shown in Table 2. 
v. Urine samples for PK analysis will be collected at the time points shown in Table 2. 
w. See Section 10.2. 
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Table 2: Pharmacokinetic Sampling Schedule – Part A (Single-ascending Dose Phase) 
Sample Timing Dosing/Discharge Return Visits 

Study Week W0 W0   W0 W1 W2 W3 W4 W6 

Study Day D0 D1 D4±2 D7±2 D14±2 D21±2 D28±2 D42±2/ET 

Plasma PKa         

Predose  Xb        

5 min (±1 min) postdose X        

15 min (±1 min) postdose X        

30 min (±2 min) postdose X        

1 hr (±5 min) postdose X        

2 hr (±5 min) postdose X        

4 hr (±5 min) postdose X        

6 hr (±10 min) postdose X        

8 hr (±20 min) postdose X        

24 hr (±1 hr) postdose  X       

Single time point    X X X X X X 

Urine PKa         

Predose Xb        

0-6 hr (±30 min) postdose Xc        

6-12 hr (±30 min) postdose Xc        

12-24 hr (±30 min) postdose Xc        

Spot PK sample   Xd Xd Xd Xd Xd Xd 

Abbreviations:  D = day; ET = early termination; hr = hour(s); min = minute(s); PK = pharmacokinetic(s). 
a. Optional PK samples may be collected and/or collection time points adjusted based on preliminary data, in order to accurately characterize the 

concentration-time profile of ALN-AS1.  No more than 2 additional optional samples will be collected.  
b. The predose sample will be collected within 1 hour before dosing. 



ALN-AS1   Protocol Amendment 11 ALN-AS1-001 
  02 August 2017 

Alnylam Pharmaceuticals                                                                      Confidential 17 

c. On Day 0, all postdose urine samples collected within a collection interval will be pooled, so that 24-hour urine samples will be collected on that day.   
d. A spot urine PK sample will be collected at the same time (±1 hour) as the first administered dose on Day 0.  
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Table 3: Schedule of Assessments – Part B (Multiple-ascending Dose Phase) 

Procedures Screening 
Perioda 

Inpatientb 
Dis-

chargec 

Outpatient Inpatientb 
Dis-

chargec 
Return Visitsd 
(Outpatient) 

ALA/PBG 
Monitoringf 

Predose Dosing Treatment Period 

Study Week W0 W0 W0 W1 W2 W3 W4 W4 W5 W6 W8 W10 

Study Day D-60 to -2 
D-1 or 

D0 D0 D1 D7±2 D14±2 D21±2 D28±2 D29±2 D35±2 D42±2 D56±2 
D70±3
/ETe 

Q2W±4D 
for 8W; 

then 
Q4W±7D/ 

EOS 

Informed Consent X              

Demographics X              

Medical Historyg X X             

Inclusion/Exclusion X              

Randomization   X            

Pregnancy Testh X X      X    X X  

FSHi and Viral 
Serologyj X              

Physical Examk X X  X  Xl  Xl X  X  X  

Body Weight and 
Heightm X X   Xl Xl Xl Xl     X  

BMI Calculation X            X  

Vital Signsn X Xn Xn X Xl Xl Xl Xl X X X X X  

Triplicate 12-lead 
ECG X X  X    Xl X    X  

Chem, Hem, and UA X Xo  X Xl,o Xl,o Xl,o Xl X X X X X  

Study Drug Adminp   X  X X X X       

Urine and Plasma 
PBG and ALAq X Xr Xr X Xl Xl Xl Xr X X X X X X 
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Table 3: Schedule of Assessments – Part B (Multiple-ascending Dose Phase) 

Procedures Screening 
Perioda 

Inpatientb 
Dis-

chargec 

Outpatient Inpatientb 
Dis-

chargec 
Return Visitsd 
(Outpatient) 

ALA/PBG 
Monitoringf 

Predose Dosing Treatment Period 

Study Week W0 W0 W0 W1 W2 W3 W4 W4 W5 W6 W8 W10 

Study Day D-60 to -2 
D-1 or 

D0 D0 D1 D7±2 D14±2 D21±2 D28±2 D29±2 D35±2 D42±2 D56±2 
D70±3
/ETe 

Q2W±4D 
for 8W; 

then 
Q4W±7D/ 

EOS 

Exploratory 
Biomarkerss X X  X Xl Xl Xl Xl X X X X X X 

Antidrug Antibodies  X    Xl  Xl   X  X  

Plasma PKt  X X X Xl Xl Xl Xl X X X X X  

Urine PKu  X X X Xl Xl Xl Xl X X X X X  

Phone contact              X 

Concomitant Meds X 

Review/Record AEsv   X 

Abbreviations:  Admin = administration; AE = adverse events; ALA = delta-aminolevulinic acid; BMI = body mass index; Chem = serum chemistry; D = day; 
ECG = electrocardiogram; EOS = end-of-study; ET = early termination; FSH = follicle-stimulating hormone; HbsAb = hepatitis B surface antibody; 
HbsAg = hepatitis B surface antigen; Hem = hematology; HIV = human immunodeficiency virus; MAD = multiple-ascending dose; Meds = medications; 
PBG = porphobilinogen; Physical Exam = physical examination; PK = pharmacokinetics; Q = every; SC = subcutaneously; SRC = safety review committee; TEAE 
= treatment-emergent adverse event; UA = urinalysis; W= week. 

a. Screening assessments may be performed during multiple clinic visits during the Screening period.  Patients rolling over from Part A to Part B need to 
consent to each study part but are not required to repeat Screening assessments if they completed all EOS assessments in Part A within 60 days of the first 
scheduled study drug administration in Part B and their urine PBG level is >4 mmol/mol Cr.  PBG samples may be retested during the Screening period if 
deemed acceptable by the Investigator.  Patients may be provided with laboratory kits and instructions to collect urine samples to send in by mail to the 
study center instead of returning to the site for PBG retesting. 

b. Patients will be admitted to the study center on either Day -1 or the morning of Day 0 and either Day 27 or the morning of Day 28 for dosing and remain at 
the study center for at least 24 hours following dosing on those days.  The inpatient period may be prolonged for reasons of operational efficiency, or if it 
is considered clinically necessary by the Investigator on an individual patient-by-patient basis, and/or if the SRC considers it necessary for determining 
safety and tolerability for upcoming dose levels/patients. 

c. Patients will be discharged from the study center following completion of all Day 1 and Day 29 assessments. 
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d. Certain study visits may be replaced by at-home assessments by visiting nurses, at the Investigator’s discretion. 
e. If a patient withdraws or is discontinued before Day 70, then ET assessments should be performed. 
f. If urine ALA or PBG levels have not returned to ≥80% of Day 0 predose levels at the Day 70/ET visit, urine levels will be monitored until ALA or PBG 

returns to ≥80% of Day 0 predose levels, or if monitored for ≥18 months following final ALN-AS1 dose, patients may complete the EOS visit per 
Investigator judgment.  Patients will be provided with laboratory kits and instructions to collect urine samples to send in by mail to the study center.  
Patients will be contacted by phone with reminders to send samples.   

g. In addition to a detailed medical history, urine PBG data obtained within 12 months of study drug administration will be collected, if available.  Interval 
medical history will be collected before dosing on Day 0.  Changes in medical history following dosing on Day 0 will be captured as TEAE(s) or 
concomitant medication(s), as appropriate. 

h. For females of childbearing potential only.  Additional pregnancy tests may be performed during the study at the Investigator’s discretion. 
i. For postmenopausal females only. 
j. Serology includes HbsAb, HbsAg, anti-HCV antibodies and HIV I and II. 
k. A full physical examination will be performed at Screening and on Days 0, 28, and 70 or at ET.  A focused physical examination will be performed on 

Days 1, 14, 29, and 42. 
l. Before dosing (or, on days when no drug is administered, at a single time point corresponding to the time of first dose administration [±1 hour] on Day 0. 
m. Either the Day -1 or Day 0 (predose) weight may be used for ALN-AS1 dose calculation.  Height will only be measured at Screening. 
n. Vital signs include blood pressure, heart rate, body temperature, and respiratory rate.  Vital signs will be measured in the supine position after the patient 

has rested comfortably for at least 10 minutes.  On Days 0 and 28 only, vital signs will be measured predose on the day of doing and 30 min (±5 min) and 
4 hours (±15 min) postdose.  On all other days, vital signs will be measured predose (or at a corresponding time on days when no study drug is 
administered). 

o. Results from the laboratory samples collected on dosing days are not needed prior to dosing. 
p. Study drug will be injected SC into the abdomen, or if necessary, into the thigh or upper arm; injection site will be rotated.  Doses will be administered the 

same time of day (±2 hours).  All doses will be administered at the study center.  If every other week dosing is explored, study drug is not administered on 
Day 7 or Day 21; however, patients will continue to attend visits.  If monthly dosing is explored, study drug is not administered on Day 7, Day 14, or Day 
21; however, patients will continue to attend visits. 

q. Urine and plasma ALA and PBG levels may be measured by a local laboratory and confirmed by a central laboratory or measured by a central laboratory 
only.  No more than 2 additional optional samples will be collected. 

r. Blood samples for plasma ALA and PBG on Days 0 and 28 will be collected within 1 hour before dosing, at 6 hours (±10 min), and 8 hours (±20 min).  
Samples for the measurement of urine ALA and PBG levels on those days will be aliquoted from the following urine PK collection intervals:  predose, 
0-6 hours (±30 min), and 6-12 hours (±30 min); on other days, spot urine samples will be used for measurement of ALA and PBG levels. Optional ALA 
and PBG blood or urine samples may be collected and/or collection time points adjusted based on preliminary data, in order to accurately characterize the 
PD effects of ALN-AS1.   

s. Plasma, serum, and urine samples will be collected for exploratory biomarker assessments.  For ALA/PBG monitoring after Day 70, collect urine samples 
only. 

t. Blood samples for plasma PK analysis will be collected at the time points shown in Table 4. 
u. Urine samples for PK analysis will be collected at the time points shown in Table 4. 
v. See Section 10.2. 

  



ALN-AS1   Protocol Amendment 11 ALN-AS1-001 
  02 August 2017 

Alnylam Pharmaceuticals                                                                      Confidential 21 

a. Optional PK samples may be collected and/or collection time points adjusted based on preliminary data, in order to accurately characterize the 
concentration-time profile of ALN-AS1.  No more than 2 additional optional samples will be collected. 

b. Predose samples will be collected within 1 hour before dosing. 

Table 4: Pharmacokinetic Sampling Schedule – Part B (Multiple-ascending Dose Phase) 
Sample Timing Dosing/Discharge Treatment Period Dosing/Discharge Return Visits 

Study Week D0  D1  D7±2   D14±2 D21±2 D28±2 D29±2 D35±2 D42±2 56±2 70±3/ET 

Study Day W0 W0 W1 W2 W3 W4 W4 W5 W6 W8 W10 

Plasma PKa            

Predose Xb  Xd Xd Xd Xa      

5 min (±1 min) postdose X     X      

15 min (±1 min) postdose X     X      

30 min (±2 min) postdose X     X      

1 hr (±5 min) postdose X     X      

2 hr (±5 min) postdose X  Xd Xd Xd X      

4 hr (±5 min) postdose X     X      

6 hr (±10 min) postdose X     X      

8 hr (±20 min) postdose X     X      

24 hr (±1 hr) postdose  X     X     

Single time point    Xd   X X X X 

Urine PKa            

Predose  Xb     Xb      

0-6 hr (±30 min) postdose Xc     Xc      

6-12 hr (±30 min) postdose Xc     Xc      

12-24 hr (±30 min) postdose Xc     Xc      

Spot PK sample   Xd   Xd Xd Xd Xd 

Abbreviations:  D = day; ET = early termination; hr = hour(s); min = minute(s); PK = pharmacokinetic(s); W = week. 
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c. Postdose urine samples collected within a collection interval on Days 0 and 28 will be pooled, so that 24-hour urine samples will be collected on 
Days 0 and 28. 

d. On days when study drug is administered, a spot urine PK sample will be collected within 1 hour before dosing.  On days when no study drug is 
administered, a spot urine PK sample and a single time point plasma PK sample at a single time point corresponding to the time of first dose 
administration [±1 hour] on Day 0. 
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Table 5: Schedule of Assessments – Part C (Multi-dose Phase) Weekly Dosing 

Procedures 
Run-in 

Perioda,b 

Dosingc/ 
Discharg

e 
Treatment Period 

(Outpatient) 
Dosingc/ 

Discharge 
Return Visitsb 

(Outpatient) 

ALA/PBG 
Monitoring/ 

6-Month 
Follow-

Up/EOSe 

Study Week 
W-24 

to W-4 

Q4W 
±5D 

W0 W0 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W12 W14 W16 W20 W24 W36 

Study Day 

D-168 
to      

D-28±5 

D-1 
or 
D0 D1 

D7 
±2 

D14 
±2 

D21 
±2 

D28 
±2 

D35 
±2 

D42 
±2 

D49 
±2 

D56 
±2 

D63 
±2 

D70 
±2 

D77 
±3 

D84 
±3 

D85 
±3 

D98 
±3 

D112
±3 

D140 
±3 

D168 
±3/ 
ETd 

D252 
±7/EOS 

Informed Consent X                      

Demographics X                      

Medical Historyf X X Xg                    

Inclusion/ 
Exclusion 

X                      

Randomization   Xg                    

Pregnancy Testh X  Xg     X    X    X   X X X  

FSHi and 
serologyj 

X                      

Lab 
kit/Instructionsk 

X                      

Physical Examl X  Xg X    Xg    Xg    Xg X    X  

Body Weight and 
Heightm 

X  Xg  Xg Xg Xg Xg Xg Xg Xg Xg Xg Xg Xg Xg     X  

BMI Calculation X                    X  

Vital Signsn X  X X Xg Xg Xg Xg Xg Xg Xg Xg Xg Xg Xg X X X X X X  

Triplicate 12-lead 
ECG X  Xg X            Xg X    X  
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Table 5: Schedule of Assessments – Part C (Multi-dose Phase) Weekly Dosing 

Procedures 
Run-in 

Perioda,b 

Dosingc/ 
Discharg

e 
Treatment Period 

(Outpatient) 
Dosingc/ 

Discharge 
Return Visitsb 

(Outpatient) 

ALA/PBG 
Monitoring/ 

6-Month 
Follow-

Up/EOSe 

Study Week 
W-24 

to W-4 

Q4W 
±5D 

W0 W0 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W12 W14 W16 W20 W24 W36 

Study Day 

D-168 
to      

D-28±5 

D-1 
or 
D0 D1 

D7 
±2 

D14 
±2 

D21 
±2 

D28 
±2 

D35 
±2 

D42 
±2 

D49 
±2 

D56 
±2 

D63 
±2 

D70 
±2 

D77 
±3 

D84 
±3 

D85 
±3 

D98 
±3 

D112
±3 

D140 
±3 

D168 
±3/ 
ETd 

D252 
±7/EOS 

Chem, Hem, 
Coag, CRP and 
UA 

X  Xg,o X Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o X X X X X  

Screening 
Porphyria 
Questionnairep 

X                      

Porphyria Self-
assessment Formq  X Xg     Xg    Xg    Xg       

QOL (EQ-5D-5L) X                 X   X  

QOL (EQ-5D-
5L), if 
hospitalized for 
an attackr 

X X  

Attack Symptom 
Inventory Forms Xa 

Study Drug 
Admint 

  X  X X X X X X X X X X X X       

Urine and Plasma 
PBG and ALAu X X Xg,v X Xg Xg Xg Xg Xg Xg Xg Xg Xg Xg Xg Xg,v X X X X X X 
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Table 5: Schedule of Assessments – Part C (Multi-dose Phase) Weekly Dosing 

Procedures 
Run-in 

Perioda,b 

Dosingc/ 
Discharg

e 
Treatment Period 

(Outpatient) 
Dosingc/ 

Discharge 
Return Visitsb 

(Outpatient) 

ALA/PBG 
Monitoring/ 

6-Month 
Follow-

Up/EOSe 

Study Week 
W-24 

to W-4 

Q4W 
±5D 

W0 W0 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W12 W14 W16 W20 W24 W36 

Study Day 

D-168 
to      

D-28±5 

D-1 
or 
D0 D1 

D7 
±2 

D14 
±2 

D21 
±2 

D28 
±2 

D35 
±2 

D42 
±2 

D49 
±2 

D56 
±2 

D63 
±2 

D70 
±2 

D77 
±3 

D84 
±3 

D85 
±3 

D98 
±3 

D112
±3 

D140 
±3 

D168 
±3/ 
ETd 

D252 
±7/EOS 

Urine PBG and 
ALA during 
Attackw 

Xa X  

Exploratory 
Biomarkersx X  Xg X Xg   Xg        Xg X X X X X X 

Antidrug 
Antibodies   Xg       Xg    Xg       X  

Plasma PKy   X X Xg Xg Xg Xg  Xg Xg Xg Xg Xg Xg Xg X X X X X X  

Urine PKz    X X X X X X X X X X X X X X X X X X X  

Phone Contact                      

Concomitant 
Meds X 

Review/Record 
AEsaa X 

Abbreviations:  Admin = administration; AE = adverse events; ALA = delta-aminolevulinic acid; BMI = body mass index; Chem = serum chemistry; 
Coag = coagulation; CRP = C-reactive protein; D = day; ECG = electrocardiogram; EOS = end-of-study; ET = early termination; FSH = follicle-
stimulating hormone; HbsAb = hepatitis B surface antibody; HbsAg = hepatitis B surface antigen; HCV = hepatitis C virus; Hem = hematology; 
HIV = human immunodeficiency virus; Meds = medications; PBG = porphobilinogen; Physical Exam = physical examination; 
PK = pharmacokinetics; QOL = quality of Life; SC = subcutaneously; SRC = safety review committee; TEAE = treatment-emergent adverse event; 
UA = urinalysis; VAS = visual analog scale;  W = week. 
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a. Screening assessments will be performed on the first day of the Run-in period, which will start between 4 and 24 weeks prior to Day 0.  In order to be 
randomized, patients must have experienced at least 1 porphyria attack during the Run-in period (a porphyria attack is defined as intense abdominal or 
back pain requiring hospitalization, hematin use, or treatment consisting of increased carbohydrate intake and/or administration of pain medication).  If 
patients do not report to the study center during the attack, they should notify the study site and complete a symptom inventory form by phone contact and 
send at least 1 urine sample by mail to the study center. 

b. Certain study visits may be replaced by at-home assessments by visiting nurses (or by phone calls during the Run-in period), at the Investigator’s 
discretion. 

c. Patients who continue to be eligible after the Run-in period will be admitted to the study center on the mornings of Days 0 and 84 for dosing and remain at 
the study center for at least 24 hours following dosing on those days.  The inpatient period may be prolonged for reasons of operational efficiency, or if it 
is considered clinically necessary by the Investigator on an individual patient-by-patient basis, and/or if the SRC considers it necessary for determining 
safety and tolerability for upcoming dose levels/patients. 

d. If a patient withdraws or is discontinued after Day 0, but before Day 168, then ET assessments should be performed. 
e. In patients not enrolling in the OLE study, ALA and PBG urine levels will be monitored 6 months after last dose.  Patients will be provided with 

laboratory kits and instructions to collect a urine sample to send in by mail to the study center.  Patients will be contacted by phone with a reminder to 
send the sample.  Patients may also return to the study center on an outpatient basis for this assessment. 

f. In addition to a detailed medical history, urine PBG data within 12 months of study drug administration will be collected, if available.  Interval medical 
history will be collected before dosing on Day 0.  Changes in medical history following dosing on Day 0 will be captured as TEAE(s) or concomitant 
medication(s), as appropriate. 

g. Before dosing on days when study drug is administered (or, on days when no drug is administered, at a single time point corresponding to the time of first 
dose administration [±1 hour] on Day 0. 

h. For females of childbearing potential only.  Additional pregnancy tests may be performed during the study at the Investigator’s discretion. 
i. For postmenopausal females only. 
j. Serology includes HbsAb, HbsAg, anti-HCV antibodies and HIV I and II. 
k. Patients will be dispensed laboratory kits and provided instructions (including questionnaires, if applicable) for urine collection in the event that they are 

unable to report to the study center during an attack or during the Run-in period. 
l. A full physical examination will be performed at Screening and on Days 0, 84, and 168 or at ET.  A focused physical examination will be performed on 

Days 1, 28, 56, and 85.  
m. The Day 0 study visit (predose) weight will be used for ALN-AS1 dose calculation.  Height will only be measured at Screening. 
n. Vital signs include blood pressure, heart rate, body temperature, and respiratory rate.  Vital signs will be measured in the supine position after the patient 

has rested comfortably for at least 10 minutes.  On Days 0 and 84 only, vital signs will be measured predose on the day of dosing and 30 min (±5 min) and 
4 hours (±15 min) postdose.  On all other days, vital signs will be measured predose (or at a corresponding time on days when no study drug is 
administered). 

o. On dosing days, results from hematology, chemistry, and coagulation tests collected within the prior 14 days must be reviewed by the Investigator 
before study drug administration. These results can be analyzed centrally or at a local laboratory. If results from within the prior 14 days are not 
available at a dosing visit, locally analyzed predose assessments may be reviewed in order to allow same day study drug administration, but additional 
samples for central analysis must also be collected. 

p. To be completed by patients on the first day of the Run-in period; this questionnaire will capture information on porphyria attacks, treatment history, and a 
pain scale (pain intensity by a visual analog scale (VAS). 

q. To be completed by staff members interviewing the patient each month during the Run-in period and as specified during the study.  The form will capture 
changes in porphyria symptoms, potential precipitants of porphyria attacks, and a pain scale (pain intensity by a validated VAS). 
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r. In addition to the QOL assessments during the predefined time points, an EQ-5D-5L questionnaire should be completed once at any time during 
hospitalization for a porphyria attack during the Run-in period and once at any time during hospitalization for a porphyria attack after administration of 
study drug. 

s. Any time during the study, the attack symptom inventory form should be completed by patients if they experience symptoms suggestive of an attack, or 
they receive clinical care for a porphyria attack.  If patients do not report to the study center during the attack, they should notify the study site and 
complete a symptom inventory form by phone contact. 

t. ALN-AS1 will be injected SC into the abdomen, or if necessary, into the thigh or upper arm; injection site will be rotated.  Doses will be administered at 
the same time of day (±2 hours).  All doses will be administered at the study center.  

u. Urine and plasma ALA and PBG levels may be measured by a local laboratory and confirmed by a central laboratory or measured by a central laboratory 
only.  No more than 2 additional optional samples will be collected. 

v. Blood samples for plasma ALA and PBG on Days 0 and 84 will be collected within 1 hour before dosing, at 6 hours (±10 min), and 8 hours (±20 min).  
Urine samples for ALA, PBG, and porphyrin levels will be aliquoted from samples obtained at the following urine PK collection intervals:  predose, 0-6 
hours (±30 min), and 6-12 hours (± 30 min); on other days, spot urine samples will be used for measurement of ALA and PBG levels.  Optional ALA and 
PBG blood or urine samples may be collected and/or collection time points adjusted based on preliminary data, in order to accurately characterize the PD 
effects of ALN-AS1.   

w. At any point during the study, urine ALA and PBG levels should be collected within 24 hours of start of clinical intervention for an attack (eg, hematin, 
glucose) and within 24 hours of end of intervention during an attack(s).  In addition, if a patient is placed on hematin prophylactically in the return visits 
(outpatient) period, urine should be collected prior to the hematin infusion and within 24 hours of end of the hematin infusion.  Urine collected may also 
be used for exploratory biomarker assessment.  These samples may be mailed to the site for analysis using collection kits provided.   

x. Plasma, serum, and urine samples will be collected for exploratory biomarker assessments.  Collect urine samples only during ALA/PBG Monitoring. 
y. Blood samples for plasma PK analysis will be collected at the time points shown in Table 6. 
z. Urine samples for PK analysis will be collected at the time points shown in Table 6. 
aa. See Section 10.2. 
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Table 6: Pharmacokinetic Sampling Schedule – Part C (Multi-dose Phase) Weekly Dosing 

Sampling Time 
Dosing/ 

Discharge 
Treatment Period 

(Outpatient) 
Dosing/ 

Discharge 
Return Visits 
(Outpatient) 

Study Week W0 W0 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W12 W14 W16 W20 W24 

Study Day D0 D1 
D7 
±2 

D14 
±2 

D21 
±2 

D28 
±2 

D35 
±2 

D42 
±2 

D49 
±2 

D56 
±2 

D63 
±2 

D70 
±2 

D77 
±3 

D84 
±3 

D85 
±3 

D98±
3 

D112 
±3 

D140 
±3 

D168±3/ 
ET 

Plasma PKa                     

Predose Xb  Xa,d      

5 min (±1 min) postdose X             X      

10 min (±1 min) postdose X             X      

30 min (±2 min) postdose X             X      

1 hr (±5 min) postdose X             X      

2 hr (±5 min) postdose X  X      

4 hr (±5 min) postdose X             X      

6 hr (±10 min) postdose X             X      

8 hr (±20 min) postdose X             X      

24 hr (±1 hr) postdose  X             X     

Single time point                Xd Xd Xd Xd 

Urine PKa                    

Predose  Xb             Xb      

0-6 hr (±5 min) postdose Xc             Xc      

6-12 hr (±5 min) postdose Xc             Xc      

12-24 hr (±30 min) postdose Xc             Xc      

Spot PK sample   X   Xd Xd Xd Xd 

Abbreviations:  D = day; EOS = end-of-study; ET = early termination; hr = hour(s); min = minute(s); PK = pharmacokinetic(s). 
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a. Optional PK samples may be collected and/or collection time points adjusted based on preliminary data, in order to accurately characterize the 
concentration-time profile of ALN-AS1.  No more than 2 additional optional samples will be collected. 

b. Predose samples will be collected within 1 hour before dosing. 
c. Postdose urine samples collected within a collection interval on Days 0 and 84 will be pooled, so that 24-hour urine samples will be collected on Days 0 

and 84.  
d. On days when study drug is administered, a spot urine PK sample will be collected within 1 hour before dosing.  On days when no study drug is 

administered, a spot urine PK sample and a single time point plasma PK sample at a single time point corresponding to the time of first dose 
administration [±1 hour] on Day 0.  
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1. INTRODUCTION 

1.1. Background and Rationale 

1.1.1. Disease Overview 
The porphyrias are a family of rare metabolic disorders most often caused by a genetic mutation in 
1 of the 8 enzymes responsible for heme synthesis (Figure 1).1  The 2 major categories are 
classified as erythropoietic or hepatic, depending on the major site of expression of the underlying 
enzyme deficiency.2  In addition, the porphyrias are classified as acute if patients present with 
neurovisceral symptoms (eg, abdominal pain and neurologic symptoms) or cutaneous if they 
present with dermal blistering or photosensitivity in the skin.3,4  This study will include patients 
with acute intermittent porphyria (AIP), the most common hepatic porphyria.  

Acute intermittent porphyria occurs as a result of an autosomal dominant mutation that leads to 
deficiency of porphobilinogen deaminase (PBGD), the third enzyme in the heme biosynthesis 
pathway. 5  The rate limiting step in heme synthesis is the enzyme 5-aminolevulinic acid synthase 
(ALAS1), which is controlled by feedback repression via the end-product heme.  In response to a 
decrease in the endogenous heme pool in the liver, as can occur with fasting, hormonal alterations, 
or with cytochrome P450 inducing drugs, ALAS1 is induced, resulting in increased flux through 
the heme synthesis pathway.  In patients with AIP, this can result in the marked accumulation of 
the toxic heme intermediates porphobilinogen (PBG) and delta aminolevulinic acid (ALA) in the 
plasma and urine due to the deficiency (~50% activity) in the downstream PBGD.  Clinically, this 
manifests as acute attacks characterized by severe abdominal pain, cardiovascular as well as 
neurologic and psychiatric dysfunction.6 
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Figure 1: Heme Biosynthesis Pathway in the Liver and ALN-AS1 Mechanism of Action 

 
 
A simplified overview of the heme biosynthesis pathway:  AIP patients have a partial deficiency in the PBGD enzyme 
which results in accumulation of the upstream heme intermediates ALA and PBG when ALAS1 is up-regulated by 
triggers such as medications, fasting, or hormonal changes.  Accumulation of these neurotoxic heme intermediates 
results in the clinical manifestations of AIP.  The target of the RNA interference (RNAi) therapeutic ALN-AS1 is 
ALAS1 which mediates the first step in the pathway, the conversion of glycine and Succinyl CoA to make ALA.  
ALN-AS1 administration is intended to lower liver ALAS1 levels in AIP patients and decrease the accumulation of 
ALA and PBG created by a partial PBGD deficiency. (Abbreviations:  AIP = acute intermittent porphyria ALA = delta 
aminolevulinic acid; ALAS1 = 5-aminolevulinic acid synthase; PBG = porphobilinogen; PBGD = porphobilinogen 
deaminase.) 

1.1.2. Epidemiology 
Over 370 mutations have been identified in the PBGD gene, which in most instances reduces 
enzyme levels by ~50%.  The exact prevalence of AIP is not known due to the significant amount 
of under diagnosis that occurs, variation by geographic region, and differences in penetrance 
observed for the various mutations.2  However, it is estimated that the prevalence of AIP is 5-10 
per 100,000 people in western countries, while in Sweden it occurs in 1 in 1,000 people due to a 
founder effect associated with the resultant G593A mutation.7,8,9,10  Acute intermittent porphyria 
shows incomplete penetrance and on average only 10-50% of carriers with a mutation present with 
clinical symptoms.11  It has been proposed that there are unknown genetic and/or environmental 
co-factors in addition to PBGD mutations that may explain why a small percentage of patients 
present with much more severe disease while the majority remain asymptomatic. 

1.1.3. Presentation and Diagnosis 
Patients with AIP present with acute attacks characterized by neurovisceral symptoms and signs 
including severe abdominal pain, nausea, vomiting, constipation, or less commonly diarrhea, 
hypertension, tachycardia, fever, muscle weakness, as well as neurological (eg, neuropathy, 
seizures) and psychiatric (eg, anxiety, confusion) manifestations.12  Acute intermittent porphyria 
attacks typically start after puberty and can be triggered by exogenous factors such as medications 
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(especially barbiturates, sulfonamides, and hydantoins), stress, exogenous hormones, nutritional 
status and infection.  Clinically active disease is more common in women than men, where attacks 
often occur around the menstrual cycle, and are likely precipitated by hormonal changes. 

Many AIP patients remain undiagnosed given that the disease is characterized by non-specific 
symptoms (eg, severe abdominal pain and nausea).2  The initial diagnosis involves demonstrating 
elevated urinary PBG (typically 20-50 times the normal reference range) and ALA (typically 5-20 
times the normal reference range), when the patient is having acute attack symptoms.  Once a test 
is positive for elevated ALA and PBG and porphyria is suspected, genetic testing for a PBGD 
mutation is done.  

There are four main clinical phenotypes observed in AIP:  

1. Latent gene carriers who are asymptomatic and biochemically inactive (normal urinary 
ALA and PBG);  

2. Asymptomatic high excreters (ASHE) who do not have current acute attacks but are 
biochemically active (increased urinary ALA and PBG).  These increased levels of ALA 
and PBG in ASHE patients are lower than those seen in AIP patients during an acute 
attack, but are still significantly higher than normal reference values;6,13,14  

3. Sporadic attack patients with infrequent acute attacks; and  

4. Recurrent attack patients, who have > 4 attacks per year requiring hospitalization or 
treatment by a medical professional.15 

1.1.4. Current Management and Unmet Medical Need 
Management of acute attacks often requires hospitalization.  Patients are initially treated with 
supportive care and carbohydrate loading, analgesics and antiemetics, and removal of known 
precipitating factors. 16  In patients with moderate to severe attacks, or who fail to respond to 
supportive measures, treatment with intravenous (IV) hematin (3-4 mg/kg × 3-5 days) is 
commenced.  Symptoms typically improve in patients after 2-5 days of hematin treatment, 
accompanied by a lowering of ALA and PBG excretion to normal or near-normal levels; however, 
in some patients attacks can last several of weeks, requiring prolonged hospitalization and hematin 
use.17  With severe attacks, cranial nerve involvement can occur, leading to bulbar paralysis, 
respiratory failure and death.18 

Hematin therapy is approved as Normosang® in the European Union (EU) and as Panhematin® 
(lyophilised hematin) in the United States of America (USA).  Hematin is a blood derived product 
that has been marketed since 1999 and 1983 in the EU and USA, respectively.  In the EU, 
Normosang is indicated for the treatment of acute attacks of hepatic porphyria (AIP, porphyria 
variegata, hereditary coproporphyria), while in the USA Panhematin is limited to the amelioration 
of recurrent attacks of AIP temporally related to the menstrual cycle.  Approval of both products 
was based on biochemical efficacy as well as data from uncontrolled case series and case 
reports.19,20,21,22  Hematin side effects include thrombophlebitis, transient anticoagulation, and in 
rare cases anaphylaxis or renal failure.23,24,25  In addition, hematin administration requires a large 
vein for administration, often necessitating central venous access. 

While the majority of patients who do experience attacks have them sporadically, it is estimated 
that up to 1,000 AIP patients experience recurrent attacks (typically defined as more than 4 per 
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year) in the US and EU combined.26  While hematin is currently only approved for use during 
acute attacks, in some patients with recurrent attacks, it is administered prophylactically (eg, given 
every 1 to 2 weeks).27  Potential problems associated with chronic hematin administration include 
infusion site phlebitis, iron overload, and the need for chronic IV access and associated 
complications poses (eg, risk of infection or occlusion).5  In addition, there have been reports of a 
decrease in efficacy with chronic hematin administration, as evidenced by the occurrence of 
breakthrough attacks and the need to increase the frequency or dosage of hematin prophylaxis over 
time in attempt maintain a clinical effect.28  In patients with very severe recurrent attacks, or in 
whom hematin treatment is not effective, liver transplantation can be curative.29  However, given 
that organ transplantation is a high-risk procedure, it is rarely used as a treatment option.29  Given 
the significant morbidity and mortality, there remains a significant unmet need for an efficacious, 
easy-to-use, fast-acting and better tolerated therapy to treat acute or prevent recurrent attacks in 
AIP patients.  

1.1.5. RNA Interference 
Ribonucleic acid (RNA) interference is a naturally occurring cellular mechanism for regulating 
gene expression that is mediated by ‘small interfering RNAs’ (siRNAs)30.  Typically, synthetic 
siRNAs are 19-25 base pair double-stranded oligonucleotides in a staggered duplex with a 2 to 
4 nucleotide overhang at 1or both of the 3’ ends.  Such siRNAs can be designed to target an 
endogenous messenger RNA (mRNA) transcript of a given gene.  When introduced into cells, the 
guide (or antisense) strand of the siRNA loads into an enzyme complex called the RNA-induced 
silencing complex (RISC).  This enzyme complex subsequently binds to its complementary mRNA 
sequence, mediating cleavage of the target mRNA and the suppression of the target protein 
encoded by the mRNA31 (Figure 2).  The ability to selectively degrade the mRNA encoding 
ALAS1 protein offers an attractive approach for the treatment of AIP. 
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Figure 2: Mechanism of RNA Interference 

 
 

Abbreviation: RISC = RNA-induced silencing complex. 
Intracellular double stranded RNA is processed by the “dicer” complex pathway (A) to produce siRNAs which 
become integrated into a multi-subunit protein complex, the RISC (B), which guides the siRNAs to the target mRNA 
sequence (C).  The siRNA duplex unwinds, and the antisense strand remains bound to RISC and directs degradation 
of the complementary mRNA sequence (D), resulting in target protein suppression (E). 

Since unmodified siRNAs are rapidly eliminated and do not achieve significant tissue distribution 
upon systemic administration,32 various formulations are currently used to target their distribution 
to tissues, and to facilitate uptake of siRNAs into the relevant cell type.  One approach that has 
been used successfully in vivo, in animal models (including in rodents and nonhuman primates 
[NHP]) and humans employs IV delivery of siRNA in lipid nanoparticle (LNP) 
formulations.33,34,35,36,37,38,39 

Another approach that has been utilized to deliver siRNA to target tissues is attachment or 
conjugation of a small molecule ligand to the siRNA that can facilitate tissue distribution, receptor-
mediated cellular uptake, and cytosolic release of the siRNA.32  Validation of this approach has 
been accomplished through conjugation of a carbohydrate ligand to the siRNA to direct 
hepatocyte-specific uptake of siRNA via the asialoglycoprotein receptor (ASGPR).  The ASGPR is 
a member of the C-type lectin family of receptors that recognizes and binds glycoproteins with 
terminal, non-reducing galactose or N-acetylgalactosamine (GalNAc) residues.40  It is expressed 
on the cell surface of hepatocytes at a high copy number (0.5-1 million per cell),41,42 and facilitates 
clearance of desialylated glycoproteins from the blood.43  Binding of the carbohydrate ligand to the 
ASGPR leads to receptor-mediated endocytosis of the ligand-receptor complex followed by release 
of its cargo, and subsequent recycling of the receptor to the cell surface for successive rounds of 
uptake.  Due to its high level of expression on hepatocytes, ability to mediate multiple rounds of 
uptake, and its ligand specificity, the ASGPR has been a widely used target in animals for liver-
specific drug and gene delivery.44  Attachment of a GalNAc ligand to the ALN-AS1 siRNA 
therefore enables hepatocyte binding and subsequent cellular uptake via the ASGPR, resulting in 
engagement of the RNAi pathway and downregulation of a hepatic target of interest, such as 
ALAS1. 
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Figure 3 illustrates the siRNA conjugate approach for targeted delivery to hepatocytes. 

Figure 3: siRNA-GalNAc Conjugate Delivery Mechanism 

 
An siRNA conjugate was developed against ALAS1 to allow for targeted delivery to hepatocytes 
in vivo. The siRNA was chemically modified to enhance stability and conjugated at the 3’ end of 
the sense strand with a trivalent GalNAc ligand to allow for targeting to the ASGPR on 
hepatocytes. Figure adapted from Cummings and McEver.45 

1.1.6. Investigational Drug ALN-AS1 Overview 
ALN-AS1 comprises a synthetic siRNA covalently linked to a GalNAc containing ligand 
(ALN-60519), specific for ALAS1 and formulated for administration via subcutaneous (SC) 
injection.  ALN-60519 has a target region between nucleotide 918 to 937 of the ALAS1 mRNA.  
Attachment to a triantennary GalNAc ligand to the siRNA enables its distribution to the liver 
(which is the primary site of ALAS1 synthesis), followed by intracellular delivery to hepatocytes 
via ASGPR, resulting in engagement of the RNAi pathway and suppression of hepatic ALAS1 
protein synthesis. 

The placebo solution is sterile saline [0.9% NaCl]. 

Further information on ALN-AS1, including the clinical and nonclinical experience to date, is 
available in Section 1.4 and in the current version of the Investigator’s Brochure (IB). 

1.2. Study Hypothesis and Rationale 
ALN-AS1 is being developed as a therapeutic agent for the prevention and treatment of acute 
attacks in AIP patients. 

Various factors, such as cytochrome p450 (CYP)-inducing drugs, dieting or hormonal changes can 
precipitate acute attacks in AIP patients by decreasing endogenous heme levels and subsequently 
causing the induction of ALAS1 expression in the liver.46  Administration of ALN-AS1 is 
designed to lower liver ALAS1 levels in AIP patients, as a strategy to decrease the accumulation of 
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the neurotoxic heme intermediates ALA and PBG created by a partial PBGD deficiency (see 
Figure 1).  Supportive clinical evidence that targeting ALAS1 will be beneficial is seen with 
hematin, the current standard of care for AIP attacks, which inhibits ALAS1 expression, leading to 
ALA and PBG reductions and improvement in clinical signs and symptoms.1,20,46,47  In addition, 
ALAS1 is found to be significantly up-regulated in livers removed from AIP patients undergoing 
liver transplants for recurrent and refractory attacks.48  Cessation of recurrent attacks in AIP 
patients who undergo liver transplantation and the development of attacks in domino recipients of 
AIP livers suggest that ALAS1 inhibition specifically in liver will have clinical benefit.49,50 

The nonclinical pharmacology and toxicology data with ALN-AS1 demonstrates dose-dependent 
and reversible reduction of ALAS1 that is well-tolerated across multiple species.  Furthermore, 
treatment with ALN-AS1 in rodent AIP models led to dose dependent reductions in ALAS1, as 
well as in ALA and PBG, in both acute treatment and chronic prevention models.  Collectively, 
these data suggest ALN-AS1 may have a favorable risk-benefit profile in the intended population, 
and support the initial clinical development of ALN-AS1.  In this study, AIP patients who are 
ASHE will be dosed in Parts A (single-ascending dose [SAD] phase) and B (multiple-ascending 
dose [MAD] phase) as they represent a more relevant population to study the safety and efficacy of 
ALN-AS1 than healthy volunteers, since they mirror the underlying pathophysiology involving the 
heme synthesis pathway seen in symptomatic AIP patients, while being clinically well. Since 
healthy volunteers have normal urinary ALA and PBG levels (ie, at the lower limit of detection), 
only ASHE patients with stably elevated ALA and PBG above normal values can be utilized to 
assess the PD activity of ALN-AS1, and thereby enable dose selection for future evaluation. The 
risk-benefit profile of ALN-AS1 is expected to be comparable for AIP patients who are ASHE and 
healthy volunteers. 

The rationale for enrolling a small number of AIP patients who experience recurrent attacks in 
Part C (multi-dose [MD] phase) is to provide safety and pharmacokinetic (PK) data with repeat 
dosing over a 12 week period in symptomatic patients at doses that were found to be 
pharmacologically active and well-tolerated in AIP patients who are ASHE (Parts A and B).  In 
addition, AIP patients with acute attacks typically have greater levels of ALAS1 up-regulation and 
ALA and PBG excretion than ASHE patients; therefore, the impact of a dose selected in Part B on 
PD (ALA and PBG lowering) in the intended patient population will also be examined.   

1.3. Dose Selection and Rationale 
The clinical dose selection is supported by the ALN-AS1 toxicology program.  In the 2- to 4-week 
exploratory (non-GLP) toxicology studies conducted in mice, rats, and NHPs, no dose limiting 
toxicities were observed up to 300 mg/kg (highest dose evaluated), with rats as the most sensitive 
species.  In the 13-week GLP toxicology studies, NOAELs were 30 mg/kg in the rat and 150 
mg/kg in the NHP (highest dose tested).  The chronic rat study NOAEL was 10 mg/kg weekly (8-
fold the clinical dose of 5 mg/kg monthly) based upon hepatocellular single cell necrosis and 
vacuolation in the liver with correlating clinical pathology changes of increased aspartate 
aminotransferase and alkaline phosphatase at 30 mg/kg.  Additionally, angiectasis in the islets of 
Langerhans, the endocrine portion of the pancreas, was observed in a dose-dependent manner, but 
occurred in the absence of any hemorrhage, degenerative or inflammatory changes suggesting a 
potentially non-adverse nature of the finding.  The chronic NHP study NOAEL was 30 mg/kg (24-
fold the clinical dose of 5 mg/kg monthly) based upon observed hepatocellular single cell necrosis 
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that correlated with increased alanine aminotransferase, gamma glutamyl transerase, aspartate 
aminotransferase, and cholesterol at 100 mg/kg. 

1.4. Clinical Data Summary  
Table 7 shows the current status of the 2 ongoing ALN-AS1 studies, as of 07 November 2016. 
Clinical data presented in this section are as of 07 November 2016, unless otherwise noted. 

Table 7: Status of ALN-AS1 Clinical Studies as of 07 November 2016 

Study 
Number 

Study Description Dose, Route, and 
Regimen 

Patients Treateda 

ALN-AS1-
001 

Phase 1, randomized (3:1 
[ALN-AS1: 
placebo]) single-blind 
SAD and MAD, and 
double-blind 
multiple-dose safety, 
tolerability, PK, and PD 
study 

Part A:  0.035-2.5 
mg/kg; SC; single dose 

Part B:  0.35-1.0 
mg/kg; SC; 2 doses 28 
days apart   

Part C:  2.5 or 5.0 
mg/kg; SC; either 2 
doses quarterly or 4 
doses monthly 

Part A in ASHE: 
15 ALN-AS1; 
5 placebo 

Part B in ASHE: 
6 ALN-AS1; 
2 placebo 

Part C in AIP patients with 
recurrent attacks:  

11 ALN-AS1; 
4 placebo 

ALN-AS1-
002 

OLE study for subjects 
completing Part C of 
study ALN-AS1-001 

2.5 or 5.0 mg/kg; SC; 
monthly or quarterly 
dosing 

A total of 2 patients have been 
dosed at 5 mg/kg quarterly x 1 
dose 

a 5 subjects had >1 treatment assignment: 2 subjects repeated Part A; 3 subjects enrolled in Part A and 
Part B 

1.4.1. Clinical Pharmacodynamics 
Dosing has been completed in Part A and Part B of the study.  In both Parts A and B of the study, 
durable and dose-dependent reductions of ALAS1 mRNA (up to 66% in the 2.5 mg/kg dose group) 
as measured by cERD were observed after ALN-AS1 treatment.  ALAS1 reductions were highly 
correlated with reductions in ALA (mean maximal 86%) PBG (mean maximal 95%) levels in a 
dose-dependent manner and were sustained for ≥180 days.  

Dosing is currently ongoing in Part C of the study. The mean maximal reduction in ALAS1 mRNA 
relative to baseline in ALN-AS1-treated patients in Cohort 1 (2.5 mg/kg Q3M) was 39% and in 
Cohort 2 (2.5 mg/kg Q1M) 66%.   All patients treated with ALN-AS1 also had decreases in their 
peak ALA and PBG levels in the treatment period compared to the run-in period, along with 
reduced fluctuations in these levels in the treatment period (data not shown). No reductions were 
observed in the placebo-treated patients.  
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1.4.2. Clinical Activity 
Clinical activity was not evaluated in Parts A and B of the study because ASHE patients included 
in this study were not actively experiencing attacks of porphyria. 

Dosing is currently ongoing in Part C of the study. All patients in Cohorts 1 and 2 were enrolled in 
a run-in phase for 10-15 weeks that was followed by a treatment phase for up to 24 weeks.  No 
investigational product was administered during the run-in phase.  Therefore, each patient acted as 
their own control, allowing for individual ALA / PBG levels, and overall attack rate while on 
ALN-AS1 treatment to be compared to that observed in the run-in phase.   

Figure 4 shows in Cohort 1 ALN-AS1-treated patients there was a 74% mean decrease in the 
annualized attack rate for the treatment period versus the run-in period (range: 63-94% reduction), 
compared with a 23% decrease in the annualized attack rate for the placebo-treated patient.  In 
ALN-AS1-treated patients this was accompanied by an approximate 76% mean decrease in 
annualized acute hemin usage (range 52-95%) and a 10.3 times increase in the maximal attack free 
interval compared to run-in period (range 4.2-16.3). 

Figure 4: Part C Cohort 1 Summary of Treatment Period Clinical Efficacy Relative to 
Run-in 

 
Figure 5 shows in Cohort 2 ALN-AS1-treated patients, there was a 58% mean decrease in the 
annualized attack rate for the treatment period versus the run-in period (range: 45-76% reduction).  
This compares favorably with data from the placebo-treated patient who showed a 34% reduction 
in the annualized attack rate for the treatment period versus the run-in period.  In ALN-AS1-
treated patients, the reduction in attack rate was accompanied by a 92% mean decrease in 
annualized hemin usage (range 84-100%) and a 2.7x increase in the mean maximal attack free 
interval compared to run-in period (range 2.1-3.2). 
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Figure 5: Part C Cohort 2 Summary of Treatment Period Clinical Efficacy Relative to 
Run-in 

 

1.4.3. Clinical Safety 
In Part A and Part B of the study, a total of 11 patients (11/13; 85.0%) who received ALN-AS1 
reported at least 1 AE.  All 5 placebo-treated patients (5/5; 100%) reported at least 1 AE.  AEs 
considered possibly or definitely related to ALN-AS1 were reported in 5 patients (5/13; 38%): 
diarrhoea, dyspepsia, hematochezia, injection site erythema, injection site pain, blood creatinine 
increased, glomerular filtration rate decreased, and hypoesthesia (each AE reported only by an 
individual patient; 1/13; 8% each).  There were 2 SAEs of abdominal pain: 1 patient each in the 
0.035 mg/kg and 0.1 mg/kg ALN-AS1 dose groups.  Both were considered to be not related and 
resolved without sequelae.  There were no AEs leading to discontinuation.  All AEs were mild or 
moderate in severity, except for 1 of the SAEs of abdominal pain (0.10 mg/kg dose group), which 
was considered severe. Adverse events related to abnormal laboratory values were seen in 1 patient 
in the 0.35 mg/kg ALN-AS1 dose group who had AEs of ALT increased and AST increased, 
which were moderate and considered by the Investigator to be unrelated to ALN-AS1.  No 
clinically significant findings were observed with routine monitoring of CRP and a panel of 9 
proinflammatory cytokines collected predose and up to 24 hours post-dose.  There were no other 
clinically significant laboratory abnormalities related to study drug or changes in vital signs, or 
ECGs in patients who were administered ALN AS1 or placebo. 

Dosing is ongoing in Part C of the study. All patients who received ALN-AS1 in cohort 1 and 2 
reported at least 1 AE.  AEs that were reported in at least 2 subjects were nausea in 3 patients 
(50%) and abdominal pain, vomiting, nasopharyngitis, headache, cough and oropharyngeal pain in 
2 patients (33.3%) each.  All AEs were mild or moderate in severity.  AEs considered possibly or 
definitely related to ALN-AS1 were reported in 4 patients (66.6%), 1 each:  renal impairment in 
Cohort 1 and injection site reaction, myalgia, and headache in Cohort 2. Both placebo-treated 
patients reported AEs.  No AE was experienced in more than 1 patient.  

In Part C, Cohort 1 or 2, there were no SAEs or AEs leading to discontinuation in patients 
administered ALN-AS1 or placebo. No clinically significant laboratory abnormalities related to 
study drug or changes in vital signs, ECG, or physical exam findings were observed in patients 
administered ALN-AS1 or placebo. 

Part C Cohort 3 5.0 mg/kg SC monthly dosing is ongoing and was not part of the data cut 
presented in this document.  In this cohort there was one fatal SAE of acute pancreatitis, which 
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was determined to be unlikely related to study drug or placebo by the Investigator due to the 
presence of gall bladder sludge found at the time of her presentation.  Contributors to this patient's 
adverse clinical course included: pre-existing chronic debilitation from recurrent AIP attacks 
requiring monthly hospitalization, porphyria-attributed quadriplegia requiring nursing home care, 
delay in hospital admission and complications from thromboembolism (multiple risk factors 
included pancreatitis, obesity, immobilisation from quadriparesis and recent hospitalization for 
infected portacath removal). Serum lipase was added to all scheduled laboratory assessments in 
November 2016 as part of additional safety monitoring. To date all lipase results (available in 11 
of 15 subjects) has been at or below the upper limit of normal with no trends seen with dosing of 
study drug or placebo. 

1.5. Risk-Benefit Assessment 
Patients participating in Parts A and B of this clinical study are asymptomatic and will not gain any 
health benefit from their participation other than a general health check.   

While it is uncertain whether patients in Part C of this clinical study will gain any health benefit 
from their participation, emerging data presented in Section 1.4 demonstrate that AIP patients 
given ALN-AS1 experienced reduced ALA/PBG levels, decreased attack frequency, and reduced 
heme usage in the 24-week treatment period compared to the 12-week run-in period.  

As detailed in Section 1.4.3, a fatal SAE of hemorrhagic pancreatitis was reported but deemed to 
be unlikely related to study drug. However, the potentially non-adverse nonclinical findings in the 
islets of Langerhans (endocrine, not exocrine region) of the rat pancreas (see Section 1.3), do not 
exclude a potential association between ALN-AS1 and the SAE of hemorrhagic pancreatitis. 

The following measures will be taken to minimize the risks to patients: 

 Clinical laboratory monitoring:  patients enrolling in this study must have safety 
laboratory values within clinically acceptable ranges.  Serial measurements of clinical 
laboratory safety tests (hematology, serum chemistry, and urinalysis) are planned with 
interim reviews of safety data by a Safety Review Committee (SRC).  Since an 
association between ALN-AS1 and the fatal SAE of hemorrhagic pancreatitis can not 
be ruled out, patients will undergo routine monitoring of systemic and pancreatic 
inflammation and coagulation throughout the study.  Hematology, chemistry and 
coagulation results are required to be available prior to each dose. 

 Liver function monitoring:  in the rat (most sensitive preclinical species), there were no 
adverse findings noted at the end of the 13-week dosing period at 30 mg/kg (highest 
dose level in repeat-dose phase).  In the 26-week chronic toxicology study the NOAEL 
is 10 mg/kg; at 30 mg/kg there were mild increases in ALP (+46% to +132% compared 
to control values) and total bilirubin (+81% to +128%) in males and females. There 
were mild increases in AST (+40%) and triglycerides (+88%) and mild decreases in 
total protein (-7%) and albumin (-12%) with an associated decrease in albumin/globulin 
ratio in females. In the 13-week study in the NHP, there were no adverse findings in the 
liver up to 150 mg/kg (highest dose level).  In the 39-week chronic toxicology study the 
NOAEL is 30 mg/kg; at 100 mg/kg there was hepatocellular single cell necrosis that 
correlated with increased ALT (+94% to +76%), ALP (+62% to 66%), GGT (+61% to 
+70%) in males and females, and AST (+55%) and cholesterol (+45%) in males only. 
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In light of the findings in the rat and NHP, patients are required to have adequate liver 
function at the time of study entry and extensive safety monitoring of patients, 
including serial liver function tests (LFTs) are incorporated in the protocol. 

 ALN-AS1 starting dose selection:  Based on a NOAEL in the rat of 30 mg/kg, the 
safety margin for the clinical starting dose of 0.1 mg/kg is 160-fold (single-dose) or 48-
fold (repeat dose), based BSA, respectively.  The dose range and multiples proposed 
are justified based on the safety profile of such doses in nonclinical GLP repeat-dose 
studies.  In addition, a sentinel strategy will be employed for the first 2 patients of every 
new dose level in Part A to ensure that only 1 patient receives active drug at each new 
dose level (1 active: 1 placebo).  Dose escalation in Part A and Part B will proceed 
cautiously, with safety monitoring between patients and interim review by the SRC.  
Dose selection in Part C will be based on a dose previously determined to be safe and 
well tolerated by the SRC in Part A and Part B. 

 Published data have determined that homozygous knock-out mice for ALAS1 are 
embryonic lethal, while heterozygous knock-out mice are viable.51  However, 
ALN-AS1 has a high molecular weight (16,300 Daltons) and is therefore unlikely to 
cross the placenta.  Published data also indicate that hepatic ASGPR receptors are 
absent in the developing fetus and do not start to be expressed until immediately prior 
to birth and shortly after.52,53,54,55  These data suggest that the risk of placental transfer 
of ALN-AS1 to the developing embryo/fetus and fetal liver would be very low.  
Further, in all non-clinical studies, it has not been possible to exceed 80% reduction of 
ALAS1, even when doses of ALN-AS1 are given at the high end of toxicity study 
range.  Therefore, the likelihood of affecting fetal ALAS1 levels as a function of 
maternal drug exposure is low.  Lastly, based on data from genotoxicity studies, there is 
no evidence of any genotoxicity with ALN-AS1.  In summary, the Sponsor believes it 
is unlikely ALN-AS1 treatment of pregnant women or animals poses a risk to embryo-
fetal development.  However, in the absence of data from embryo-fetal developmental 
studies with ALN-AS1, women of child bearing potential (WOCBP) must have a 
negative pregnancy test, cannot be breastfeeding, and must be willing to use an 
acceptable method of contraception 14 days before dosing, throughout study 
participation, and for Parts A and B, 42 days (the expected lower limit of systemic 
exposure) after administration of the last dose of study drug (90 days for Part C).  
Acceptable methods of contraception for this study are defined in Section 5.5. 

Overall, nonclinical and clinical data from ALN-AS1 support the dose and dosing schedule 
proposed in this Phase 1 study. 

Refer to the ALN-AS1 IB for an expanded risk-benefit analysis. 
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2. STUDY OBJECTIVES 

2.1. Primary Objective  
The primary objective of the study is to evaluate the safety and tolerability of ALN-AS1 in AIP 
patients who are ASHE and in AIP patients who experience recurrent attacks. 

2.2. Secondary Objectives  
 To characterize the PK of ALN-AS1 in AIP patients who are ASHE and in AIP patients 

who experience recurrent attacks 

 To assess the PD effect of ALN-AS1 on plasma and urine levels of ALA and PBG in 
AIP patients who are ASHE and in AIP patients who experience recurrent attacks 

2.3. Exploratory Objectives  
The exploratory objectives of the study are: 

 To assess additional analytes in AIP patients who are ASHE and in AIP patients who 
experience recurrent attacks 

 Part C only:  To assess the clinical activity of ALN-AS1 in AIP patients who 
experience recurrent attacks 
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3. INVESTIGATIONAL PLAN 

3.1. Overall Study Design 
This study is a multi-center study to be conducted in up to 8 study centers in the European Union 
(EU) and United States of America (USA).  It is designed to evaluate the safety, tolerability, PK, 
and PD of ALN-AS1 in a randomized, single-blind, placebo-controlled manner in AIP patients 
who are ASHE, and double-blind in AIP patients who experience recurrent attacks.  The clinical 
activity of ALN-AS1 in AIP patients who experience recurrent attacks will also be explored.   

The study will be conducted in 3 parts:   

Part A:  A single-blind, placebo-controlled SAD phase in AIP patients who are ASHE  

Part B:  A single-blind, placebo-controlled MAD phase in AIP patients who are ASHE 

Part C:  A double-blind, placebo-controlled MD phase in AIP patients who experience recurrent 
attacks 

An SRC will perform ongoing reviews of safety, tolerability, and available PD data at predefined 
decision points (Section 4) or upon the occurrence of potential dose-limiting toxicities (DLTs) to 
ensure the acceptability of continued dosing, and/or dose escalation to subsequent cohorts, and/or 
for the implementation of alternative dose levels and dosing regimens, and/or the need for optional 
cohorts, and/or the transition from Part A to Part B, and from Part B to the Treatment period of 
Part C.  Additional ad hoc SRC meetings may take place to discuss time-sensitive safety issues as 
needed.  Further details on the SRC are in Section 3.5.  Please refer to Figure 9 for a schema of the 
overall study.    

3.1.1. Part A:  Single-ascending Dose Phase 
Part A (SAD phase) is designed to assess single-ascending doses of ALN-AS1.  Up to 16 ASHE 
patients will be dosed in 4 cohorts.  Each cohort will be comprised of 4 patients randomized 3:1 to 
receive a SC dose of ALN-AS1 or placebo, respectively.  Part A is single-blind, and only patients 
will be blinded to treatment.   

The study design for Part A is presented in Figure 6.  Patients will be screened from -60 to -2 days 
before study drug administration.  Eligible patients will be admitted to the study center on Day -1 
or the morning of Day 0 to determine continued study eligibility and for predose assessments.  
Patients will be randomized on Day 0 and will receive a single dose of ALN-AS1 or placebo (see 
Section 4.1 for study drug dosing and progression).  Patients will be discharged from the study 
center on Day 1 after completing the 24-hour postdose assessments.  Patients will be followed for 
safety, tolerability, PK, and PD assessments through approximately 6 weeks following the last 
dose of study drug (see the Schedules of Assessment in Table 1 and Table 2).   

Patients who complete Part A can either participate in an optional Part A cohort or in Part B if they 
have signed informed consent and continue to meet eligibility criteria.  These patients are not 
required to complete a Screening visit if they completed the end-of-study (EOS) assessments from 
Part A within 60 days of the first scheduled study drug administration in an optional cohort of Part 
A or in Part B and have  urine PBG level is >4 mmol/mol creatinine (Cr). 
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For patients in Part A, if urine ALA or PBG levels have not returned to ≥80% of Day 0 predose 
levels at the Day 42/ET visit, urine levels will be monitored (Q2W±4D for 8W; then Q4W±7D) 
until ALA or PBG returns to ≥80% of Day 0 predose levels, or if monitored for ≥18 months 
following final ALN-AS1 dose, patients may complete the EOS visit per Investigator judgment.  
Urine samples may also be analyzed for exploratory ALAS1 mRNA. 

Figure 6: Study Design for the Single-Ascending Dose Phase 

 

3.1.2. Part B:  Multiple-ascending Dose Phase 
Part B (MAD phase) is designed to assess multiple-ascending doses of ALN-AS1.  Up to 8 ASHE 
patients will be dosed in 2 cohorts.  Each cohort will be comprised of 4 patients randomized 3:1 to 
receive SC doses of ALN-AS1 or placebo over a 4 week period.  Patients may be dosed weekly, 
biweekly or monthly depending on the safety and PD results obtained from Part A and B.  Part B is 
single-blind, and only patients will be blinded to treatment.  Patients in Part B who did not 
participate in Part A are required to complete all Screening visit procedures before enrolling in 
Part B. 

The study design for Part B is presented in Figure 7.  Patients will be screened from -60 to -2 days 
before study drug administration.  Eligible patients will be admitted to the study center on Day-1 
or the morning of Day 0 to determine continued study eligibility and for predose assessments. 
Patients will be randomized on Day 0 and will receive a single dose of ALN-AS1 or placebo (see 
Section 4 for study drug dosing and progression).  They will be discharged from the study center 
on Day 1 after completing the 24-hour postdose assessments.  Dosing will continue on an 
outpatient basis until patients are readmitted to the clinical site on Day 27 or on the morning of 
Day 28 for dosing on Day 28, and discharged on Day 29 after completing the 24-hour postdose 
assessments (see Section 4.2 for study drug dosing and progression).  Patients will be followed for 
safety, tolerability, PK, and PD assessments through approximately 6 weeks following the last 
dose of study drug (see the Schedules of Assessment in Table 3 and Table 4).   

For patients in Part B, if urine ALA or PBG levels have not returned to ≥80% of Day 0 predose 
levels at the Day 70/ET visit, urine levels will be monitored (Q2W±4D for 8W; then Q4W±7D) 
until ALA or PBG returns to ≥80% of Day 0 predose levels, or if monitored for ≥18 months 
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following final ALN-AS1 dose, patients may complete the EOS visit per Investigator judgment.  
Urine samples may also be analyzed for exploratory ALAS1 mRNA. 

Figure 7: Study Design for the Multiple-Ascending Dose Phase 

 

3.1.3. Optional Cohorts for Part A and Part B  
Based on safety and PD data (ALA and PBG lowering), up to 4 optional cohorts, each consisting 
of 4 patients randomized 3:1 to receive ALN-AS1 or placebo, respectively, may be enrolled 
according to the same eligibility criteria (except where specified below) in either Part A or Part B.   

Optional cohorts, if enrolled, may:  

 escalate to a higher dose or de-escalate to a lower dose, and/or to an intermediate dose 
level(s) of ALN-AS1 administered in Part A or Part B; 

 repeat a dose level if a safety signal in Part A or Part B (not meeting a stopping rule) 
indicates that further dose escalation may affect the safety of the study patients, or to 
further characterize PK or PD markers; or 

 evaluate ALN-AS1 dosing in patients with higher urine PBG values 
(PBG ≥25 mmol/mol Cr), or examine alternative dose levels or dosing regimens in 
Part B (see the Schedule of Assessment for Part B in Table 3). 

If higher dose cohorts are added, any dose increase above 2.5 mg/kg will not exceed 2-fold the 
previous safe and well-tolerated dose and would require SRC approval.  The highest dose in Parts 
A, B, and C of the study will not exceed 8.5 mg/kg. 

3.1.4. Part C: Multi-dose Phase 
Part C (MD phase) is designed to assess multiple doses of ALN-AS1 in AIP patients who 
experience recurrent acute attacks of porphyria.   

The study design for the MD phase is presented in Figure 8.  Patients will be screened to confirm 
eligibility at the start of a Run-in period, during which patients will report to the study center to 
capture information about porphyria medical history, symptoms, and attacks; certain study visits 
may be replaced by at-home assessments by visiting nurses or by phone calls, at the Investigator’s 
discretion.  No investigational product will be administered during the Run-in period.  The Run-in 
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period may last from 4 to 24 weeks (168 days) to allow time for selection of the appropriate dosing 
regimen(s) for the Treatment period.  In order to be randomized, patients must have experienced at 
least 1 porphyria attack during the Run-in period (a porphyria attack is defined as intense 
abdominal or back pain requiring hospitalization, hematin use, or treatment consisting of increased 
carbohydrate intake and/or administration of pain medication).  If patients do not report to the 
study center during the attack, they should notify the study site and complete an attack symptom 
inventory form by phone contact and send at least 1 urine sample by mail to the study center.  If 
patients visited a health care facility during the attack, a copy of the records will be requested.  
Patients may re-enroll in the Run-in period if no attacks were experienced during this period and 
provided they continue to meet eligibility criteria for the study. 

Part C will be conducted in a double-blind manner, where the patient and Investigator are both 
blinded (the Sponsor and CRO are not blinded).  Up to 24 patients will be randomized in 6 cohorts 
of 4 patients each.  Up to 1 cohort will be dosed initially, with an option to dose up to 5 additional 
cohorts using the same or a different dose level/dosing regimen (see Section 4.2 for study drug 
dosing and progression).  Patients in optional cohorts may receive a weight-based or fixed dosing 
regimen with maximum dose level to be determined by SRC based on the previous safe and well-
tolerated dose.  The initial dose in Part C will be no higher than a dose determined to be safe and 
well-tolerated in Part A or B (see Section 4.3).  

Eligible patients will be admitted to the study center on Day 0 to determine continued study 
eligibility and for predose assessments.  Patients in each cohort will then be randomized 3:1 to 
receive SC doses of ALN-AS1 or placebo and will remain at the study center until they complete 
the 24-hour postdose assessments.  Patients will receive SC doses of ALN-AS1 over a period of 12 
weeks, starting on Day 0.  Patients will return to the clinical site on an outpatient basis to receive 
additional doses.  Patients will also be admitted to the study center for predose assessments on Day 
84 and will remain at the study center until they complete the 24-hour postdose assessments.  
Patients will be followed for safety, tolerability, PK, PD, and clinical activity assessments through 
approximately 12 weeks following the last dose of study drug (see the Schedules of Assessment in 
Table 5, Table 6, Table 11, and Table 12). 

It is anticipated that patients who have completed Part C will be invited to participate in an open 
label extension (OLE) study, provided that the OLE study is approved by the competent 
Regulatory Authorities and Ethics Committees.  In patients who do not enroll in the OLE study, 
ALA and PBG levels in urine will be monitored 6 months following the last dose.  Urine samples 
may also be analyzed for exploratory ALAS1 mRNA.  To complete the assessment, patients may 
submit the urine sample to the study center by mail and be contacted by telephone, or may visit the 
study center on an outpatient basis (Table 5). 

Patients in Part C will report to the study center for clinical care if they experience a porphyria 
attack from the first day of the Run-in period through the EOS visit.  Patients will also be provided 
with laboratory kits and instructions to collect urine samples and send them by mail to the study 
center as well as questionnaires to complete over the phone with the study staff if they are unable 
to come to the study center during a porphyria attack.  If a patient is scheduled to receive a dose of 
ALN-AS1 at a time when they are experiencing attack signs and symptoms, it is up to the clinical 
judgment of the PI whether or not to proceed with dosing.  
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Figure 8: Study Design for the Multi-dose Phase 

 
a  Study design is for weekly dosing; study drug may also be administered less frequently as determined by the SRC. 
b  ALA and PBG urine levels will be monitored 6 months after last dose in patients not enrolling in the OLE. 

3.2. Number of Patients 
Up to 72 AIP patients will be enrolled in this study.  Up to 16 patients will be enrolled in Part A 
(SAD phase).  Up to 8 patients will be enrolled in Part B (MAD phase).  And, up to 16 patients 
may be enrolled in optional Part A or Part B cohorts.  To account for dropouts, in order for 24 
patients to complete the treatment period, it is anticipated that up to 32 patients may be enrolled in 
Part C (MD phase). 

3.3. Treatment Assignment 
Patients in Part A, B, and C will receive ALN-AS1 or placebo according to the randomization 
scheme. 

3.4. Duration of Treatment and Study 
Part A:  The planned time on study from the Screening Period through the Outpatient Period is up 
to 102 days (approximately 14 weeks; up to 60 days for screening and 42 days of study 
assessments). 

Part B:  The planned time on study from the Screening Period through the Outpatient Period is up 
to 130 days (approximately 18 weeks; up to 60 days of screening, 28 days of dosing, and 42 days 
of additional study assessments).  

Patients participating in both Parts A and B sequentially will participate for approximately 
172 days (approximately 24 weeks [6 months]). 

In Parts A and B, the planned time on study could be extended to allow additional monitoring until 
urine ALA or PBG levels return to ≥80% of Day 0 predose levels, or if monitored for ≥18 months 
following final ALN-AS1 dose, patients may complete the EOS visit per Investigator judgment.  
Depending on the follow-up time required to monitor recovery of ALA or PBG levels, the total 
time on study (including Screening) is estimated to be up to 20 or 21 months for Parts A and B, 
respectively. 
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Part C:  The planned time on the study from the Run-In period through the post-treatment Return 
Visits is up to 336 days (48 weeks; 4-24 weeks for the Run-In period, 12 weeks of dosing, and 
12 weeks of post-treatment, Return Visits).  In patients who do not enroll in the OLE study, the 
total time on study may be up to 420 days (60 weeks; 4-24 weeks for the Run-In period, 12 weeks 
of dosing, and 12 weeks of post-treatment, Return Visits, and additional 12 weeks to follow-
up/EOS Visit/phone call [ALA and PBG monitoring 6 months following last dose]).    

3.5. Safety Review Committee 

3.5.1. Primary Responsibility 
An SRC will perform ongoing reviews of safety, tolerability, and available PD data collected 
during the study with the primary purpose of protecting the safety of patients participating in the 
study.   

3.5.2. Membership 
To ensure timely safety, tolerability, and available PD, information exchange across the 
participating study centers, the SRC will be comprised of the following members: 

 Principal Investigator(s), or designee, at each study center with a patient currently 
enrolled in the study (either having been dosed, or about to be dosed).  In Part C, an 
expert physician in the diagnosis and management of porphyria who is not a study 
investigator will participate as an unblinded member of the SRC as Principal 
Investigators are blinded to study treatment. 

 Sponsor Medical Monitor 

 Study Medical Monitor 

As study center PIs are added to the SRC, comprehensive reviews of study safety and tolerability 
data, along with a summary of cohort reviews and decisions made to date will be provided.  
Further internal or external experts may be consulted by the SRC as necessary.  The membership 
of the SRC and reporting structure are defined in the SRC Charter. 

3.5.3. Timing and Purpose of Review Meetings  
An SRC will perform ongoing reviews of safety, tolerability, and available PD data at predefined 
decision points (Section 4) or upon the occurrence of potential DLTs to ensure the acceptability of 
continued dosing, and/or dose escalation to subsequent cohorts, and/or for the implementation of 
alternative dose levels and dosing regimens, and/or the need for optional cohorts, and/or the 
transition from Part A to Part B, and from Part B to the Treatment period of Part C.  Additional ad 
hoc SRC meetings may take place to discuss time-sensitive safety issues as needed. 

If any DLT criteria (see Section 4.4 ) are met (see Section 10.4.1), the SRC will take action in 
accordance with the criteria stipulated in Section 4. 

Decisions of the SRC should reflect unanimity wherever possible.  All data (reports) that are 
provided and reviewed by the SRC, including any minutes and decisions from the meetings will be 
archived.  The minutes will document clearly any questions posed and decisions reached and 
whether these decisions were unanimous. 
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3.5.4. Data Requirements 
Before SRC review, the Contract Research Organization (CRO) Medical Monitor will prepare a 
report presenting the safety, tolerability and available PD data (analyzed at the local or central 
laboratory) of the patients to be reviewed.  Additional PD data (analyzed at the local accredited 
laboratory), if available, may be provided for review by the clinical study Investigators (or 
delegate).  In Part C, only the unblinded members of the SRC will review PD data.  

3.5.4.1. Safety Data 
The following data will be reviewed: 

 Assessment of adverse events (AEs) 

 Vital signs (blood pressure, heart rate, body temperature, and respiratory rate)  

 12-lead ECG 

 Physical examinations (full and focused) 

 Clinical laboratory safety tests (including, but not limited to hematology, serum 
chemistry, and urinalysis) 

 Concomitant medications 

3.5.4.2. Pharmacodynamic Data 
When available, concentrations of ALA and PBG will be evaluated for assessment of PD effect.   

3.5.4.3. Pharmacokinetic Data 
Dose escalation and study progression will be based on dose levels administered in previous 
cohorts with acceptable safety and tolerability profile, rather than exposure.    
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Figure 9: Study Schema 

 
Abbreviations:  AIP = acute intermittent porphyria; ASHE = asymptomatic high excreters; MAD = multiple-ascending dose; MD = 

multi-dose; N = sample size; QW = every week; SAD = single-ascending dose; SRC = safety review committee; TP = Treatment 
period.  

Note: Up to 4 optional cohorts of 4 patients each may be dosed in Part A or B. 
Note: Doses depicted represent planned doses.  Actual doses will be determined by the SRC, based on review of safety and 

available PD data. 
Note: Overlaps may occur between Part A and Part B dosing, and between optional cohort dosing in Parts A and B and Part C 

dosing. 
a. A sentinel strategy will be employed for the first 2 patients of every new Part A cohort.  
b. Up to 6 cohorts will be enrolled in Part C. 
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4. CRITERIA FOR DOSE ESCALATION/STUDY PROGRESSION 

4.1. Study Drug Dosing and Progression/Escalation in Part A (SAD) 
The starting dose for patients in the first cohort will be no higher than 0.10 mg/kg ALN-AS1 or 
placebo.  The following are the planned dose levels for subsequent cohorts in Part A; however, the 
actual doses will be determined by the SRC based on safety and available PD data: 

 0.35 mg/kg or placebo 

 1.0 mg/kg or placebo 

 2.5 mg/kg or placebo 

A sentinel dosing strategy will be employed for the first 2 patients of every new dose level to 
ensure that only 1 patient receives active drug at each new dose level (1 active: 1 placebo).  If the 
dose is deemed safe and tolerable and no DLTs are observed, the same dose will be administered 
to the remaining 2 patients in that cohort, at least 4 days after dosing the sentinel group.   

The SRC will review a minimum of 4-day postdose safety and available PD data from all patients 
before authorizing dose escalation to the next cohort (Table 8).  Based on nonclinical data, it is 
expected that maximal drug concentrations in plasma and any correlative potential drug-related 
effects would have been observed before Day 4.  Additionally, the nonclinical data demonstrate 
that maximal ALAS1 lowering occurs within 4 days.  Any dose increases above 2.5 mg/kg in 
Part A will not exceed 2.5-fold the previous safe and well-tolerated dose and will require SRC 
approval.  The highest dose in Part A of the study will not exceed 8.5 mg/kg.  
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Table 8: Timing of the SRC Data Reviews and Dose Escalation Requirements 

Decision Point Part A Part B 

Continuation of 
Dosing within a 
Cohort 

The Investigator(s) will review the safety 
and available PD data collected on the 
first 2 patients dosed in each cohort 
(1 ALN-AS1: 1 placebo), through at 
least the Day 4 assessments, before 
dosing the third and fourth patients in the 
cohort.  

The dosing of all 4 patients (3 ALN-AS1: 
1 placebo) can occur simultaneously 
within a cohort.  Safety and available PD 
data will be continuously reviewed by the 
Investigator(s) and CRO Medical 
Monitor.  

Dose Escalation to 
the Next Cohort 

The SRC must review the safety data 
collected on all 4 patients dosed in each 
cohort, through at least the Day 8 
assessments for the first 2 patients dosed 
and through at least the Day 4 
assessments for the last 2 patients dosed, 
before dose escalation to the next cohort 
can occur. 

The SRC must review the collective 
safety data from all 4 patients dosed in a 
given cohort through at least 7 days post 
the last dose (Study Day 35) before dose 
escalation to the next cohort. 

Occurrence of a 
potential DLT 

Upon the occurrence of a potential DLT, all dosing and enrollment into the current 
cohort or escalation to the next cohort will be interrupted until safety data can be 
reviewed by the SRC.  The SRC will review the events associated with the potential 
DLT in addition to the cumulative safety data collected on all patients dosed 
previously.  The SRC will determine if enrollment and/or dose escalation may 
resume. 

Note: Safety data will be continuously reviewed by the Investigator(s) and CRO Medical Monitor. The data 
described above represent the minimum amount of data needed for SRC decision-making. In addition to 
these data, the cumulative data that are available from all previously dosed individuals will also be included 
in all SRC reviews.  The same SRC decision-making requirements will apply to optional cohorts. 

4.2. Study Drug Dosing and Progression/Escalation in Part B (MAD) 
Progression from Part A to the first cohort in Part B is contingent upon selection of a dose deemed 
safe and tolerable following SRC review of a minimum of 4-day postdose safety and acceptable 
PD data from all patients in at least the first 3 Part A dose level cohorts.   

Doses listed below represent the planned doses for each Part B cohort.  Actual doses and dosing 
regimens will be determined by the SRC based on safety and PD data obtained from prior dose 
cohorts in Part A and B.  Study drug will not be administered more often than weekly, but may 
also be administered less frequently (eg, every 2 weeks, quarterly, or monthly).  Patients 
randomized to receive ALN-AS1 will be administered ALN-AS1 SC at the following planned 
cohort dose levels: 

 1.0 mg/kg 

 2.5 mg/kg 

Doses in Part B will be no higher than a dose previously determined to be safe and well-tolerated 
in Part A.  The SRC will review collective safety and available PD data from all 4 patients dosed 
in a given cohort through at least the Day 35 assessments (7 days after last dose) before dose 
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escalation to the next cohort.  Based on nonclinical data, it is expected that maximal drug 
concentrations in plasma and any correlative potential drug-related effects would have been 
observed before 4 days after dosing, but patient data for 7 days after last dose will be collected for 
the SRC to coincide with the weekly visit schedule.   

Dose escalation and study progression between Part A and Part B may occur while follow-up of 
previous Part A cohorts is still ongoing.  Both cohorts in Part B may be dosed at the same time 
provided the doses being administered were found to be safe and well-tolerated when administered 
as single doses in Part A.  The highest dose in Part B of the study will not exceed 8.5 mg/kg.     

4.3. Study Drug Dosing in Part C (MD) 
The SRC will review a minimum of 7-day post last dose safety and PD data, from all patients in 
the first 2 cohorts in Part B, before initiation of dosing in Part C.  The dose may be a weight-based 
or fixed dosing regimen; the initial dose selected for Part C will be no higher than a dose 
determined to be safe and well-tolerated in Part A or B.  The SRC will review collective safety and 
PD data from all patients dosed in a given cohort through ≥7 days after the most recent dose 
administered, prior to any potential dose escalation.  Any dose increases will not exceed 2-fold the 
previous safe and well-tolerated dose and will require SRC approval.  Multiple cohorts may be 
dosed simultaneously if the dose levels are approved by the SRC.  The highest dose in the study 
will not exceed 8.5 mg/kg. 

Patients eligible to receive ALN-AS1 will be administered SC ALN-AS1.  Up to 6 dose 
levels/dosing regimens will be selected for Part C based on the safety and any available PD data 
obtained from Part A and Part B or evolving data from Part C.  Study drug will not be 
administered more often than weekly, but may also be administered less frequently (eg, every 
other week, monthly, every 2 months, and quarterly). 

The Run-in period of Part C may begin when patients start to be dosed in Part B.  Subsequent SRC 
reviews of cumulative safety and available PD data from all patients across all cohorts will take 
place approximately every 4 weeks during the Treatment period of Part C. 

4.4. Dose-Limiting Toxicities 
A DLT is met if any of the criteria listed below occur at any dose level in patients receiving 
ALN-AS1: 

1. Alanine aminotransferase (ALT) >5 × upper limit of normal (ULN) and >5 × patient’s 
baseline at Day 0 (or Day -1) 

2. Total bilirubin (TBIL) >2 × ULN and >2.5 × patient’s baseline at Day 0 (or Day -1); or 

3. ALP >3× ULN associated with either ALT elevation of >2 × ULN and >2 × patient’s 
baseline at Day 0 and/or TBIL > 1.5 × ULN and >2 × patient’s baseline at Day 0 (or 
Day -1) 

4. Absolute corrected QT interval (QTc) >500 msec and/or QTc change of >60 msec from 
baseline at Day 0 (or Day -1) 
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5. Any other hematologic or non-hematologic AE ≥Grade 3 according to Common 
Terminology Criteria for Adverse Events (CTCAE; Version 4.0) with the following 
exceptions:  

a. Liver function abnormalities (criteria detailed above)  

b. QT prolongation (criteria detailed above) 

c. In Part C only, AEs that are considered to be consistent with the patient’s 
underlying porphyria disease manifestations and course prior to study entry and/or 
during the run-in period, as determined by the Investigator 

Standard toxicity grading according to the CTCAE will be used to grade AEs (see Section 10.4.2). 

4.5. Study Progression and Dose Escalation Suspension/Stopping Rules 
For the purpose of this study, progression rules are based on toxicity.  For the purpose of this 
protocol, the term ‘dose escalation’ means progression or escalation to the next consecutive dose 
or to the next study part in line with the dose escalation and study progression rules and minimum 
data requirements described in Sections 4.1, 4.2, and 4.3.  For the purpose of this protocol, the 
term ‘suspension’ means that no further study drug will be administered at the dose level and that 
further dose escalation/progression will be suspended. 

A dose escalation suspension/stopping rule is met if any of the criteria listed below are met at any 
dose level in patients receiving ALN-AS1 as outlined:  

 If 2 or more patients at a dose level have a similar DLT (ie, 2 patients with LFT 
abnormalities, or 2 patients with absolute QTc >500 msec and/or QTc change of 
>60 msec from baseline [Day 0 or Day -1]) 

 If 1 or more patients has LFT abnormalities that meet all the criteria for Hy’s Law:56 

 ALT or AST >3×ULN and serum total BR >2×ULN without initial findings of 
cholestasis (elevated serum ALP), and no other reason can be found to explain the 
combination of increased AST and TBIL such as viral hepatitis 

 If 2 or more patients at a dose level experience a severe AE or 1 or more patients 
experience a serious adverse event (SAE).  For Part C only, this does not include severe 
AEs or SAEs that are identified by the Investigator to be consistent with a patient’s 
prior underlying porphyria disease manifestations and course, given that the patients 
enrolled in this portion of the study have a known history of recurrent porphyria 
attacks.  However, the SRC (which includes experts in the diagnosis and management 
of porphyria) will regularly review all severe AEs and SAEs in Part C that are 
determined by the Investigator to be related to a patient’s underlying porphyria. 

If a suspension/stopping rule is met, there will be no further enrollment or dosing in the current 
cohort, or escalation to another cohort, in that part of the study and an ad hoc SRC meeting will be 
held. Following SRC review, dosing may be resumed at the same or higher dose level following 
approval from the concerned Regulatory Authority and the independent ethics committee 
(IEC)/institutional review board (IRB) in accordance with applicable requirements.  However, 
de-escalation to a lower dose, or intermediate, but lower dose, may be allowed without prior 
Regulatory Authority or IEC/IRB approval. 
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Dose escalation and study progression between study parts (or dosing of optional cohorts) will be 
based on dose levels administered in previous cohorts/patients with an acceptable safety and 
tolerability profile, rather than exposure.  

4.6. Study Suspension/Stopping Rules  
In the event of a life-threatening or fatal AE, the SRC will urgently convene to assess the event and 
determine if it is possibly related to study drug.  If so, the study will be suspended.  Continuation 
of the study would require approval by the regulatory authorities.  
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5. SELECTION AND WITHDRAWAL OF PATIENTS 

5.1. Patient Inclusion Criteria (Parts A and B) 
Adult male and female AIP patients who are ASHE meeting the following eligibility criteria will 
be enrolled in Part A and/or Part B: 

1. Adult male or female patients aged 18 to 65 years, inclusive;   

2. Patients with a diagnosis of AIP, defined as a genetic test showing documentation of a 
mutation in the PBG deaminase (PBGD; also called hydroxymethylbilane synthase 
[HMBS]) gene;   

3. Patients with a urine PBG level >4 mmol/mol Cr during the Screening period.   

4. Patients who are do not have clinically significant health concerns as determined by 
medical history, physical examination, and 12-lead ECG, and as judged by the Investigator; 

5. WOCBP must have a negative pregnancy test, cannot be breastfeeding, and must be willing 
to use an acceptable method of contraception 14 days before dosing, throughout study 
participation, and for 42 days after administration of the last dose of study drug.  
Acceptable methods of contraception for this study are defined  in Section 5.5; 

6. Patient, or patient’s legal representative, is able and willing to provide written informed 
consent and the patient is willing to comply with the study requirements.  A patient who 
participates in both Parts A and B must provide consent before participating in each study 
part. 

5.2. Patient Exclusion Criteria (Parts A and B) 
Patients who meet the following criteria will be excluded from Parts A and B: 

1. Patients who have experienced an acute porphyria attack (defined as intense abdominal or 
back pain requiring hospitalization, hematin use, treatment consisting of increased 
carbohydrate intake and/or pain medication use) within 6 months of study drug 
administration; 

2. Patients who have started a new chronic prescription medication treatment regimen within 
3 months of study drug administration;  

3. Patients with any of the following:  ALT and/or TBIL above the ULN, confirmed by retest; 
AST, ALP, or gamma glutamyl transpeptidase (GGT) >2 × ULN, confirmed by retest, or if 
AST, ALP, or GGT > ULN, but ≤ 2 × ULN, confirmed by retest and considered clinically 
relevant by the Investigator; 

4. Patients with an Estimated Glomerular Filtration Rate (eGFR) <45 mL/min/1.73 m2 (using 
the Modification of Diet in Renal Disease [MDRD] formula) confirmed by retest; 

5. Patients who have used a gonadotropin-releasing hormone analog within 30 days of study 
drug administration;  
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6. Patients who have active serious mental illness, including but not limited to, schizophrenia, 
bipolar disorder, and severe depression requiring current pharmacological intervention; 

7. Patients with a history of multiple drug allergies or history of allergic reactions to an 
oligonucleotide or to GalNAc; 

8. Patients with a history of intolerance to SC injection(s); 

9. Patients with a history of alcoholism and/or drug abuse within 2 years of study drug 
administration; 

10. Patients with chemistry, hematology, and urinalysis safety laboratory test results deemed 
clinically significant by the Investigator; 

11. Patients with known hepatitis C virus (HCV), or human immunodeficiency virus (HIV) 
infection; or evidence of current or chronic hepatitis B virus (HBV) infection;  

12. Patients who have received an investigational agent within 3 months before administration 
of study drug or who are in follow-up of another clinical study of an investigational agent 
at the time of study drug administration; note: this criterion does not apply to patients in 
Part A rolling over to Part B; 

13. Any condition (eg, medical concern), which in the opinion of the Investigator, would make 
the patient unsuitable for enrollment or could interfere with the patient’s participation in, or 
completion of, the study. 

Note:  For patients rolling over from Part A to Part B, eligibility for Part B may be based on Part A 
EOS assessments, since patients are not required to complete a Screening visit for Part B if they 
have completed all Part A EOS assessments within 60 days of planned study drug administration 
in Part B and have a urine PBG level >4 mmol/mol Cr. 

5.3. Patient Inclusion Criteria (Part C) 
Adult male and female patients with AIP who experience recurrent attacks of porphyria must meet 
the following inclusion criteria can participate in Part C of this study: 

1. Adult male or female patients aged 18 to 65 years inclusive; 

2. Patients with a diagnosis of AIP, defined as a genetic test showing documentation of a 
mutation in the PBGD (also called HMBS) gene; 

3. Patients who have recurrent porphyria attacks defined as 1 of the following: 

 Not on a scheduled regimen of hematin to prevent porphyria attacks at the start of the 
Run-in period who have experienced a porphyria attack (defined as intense abdominal 
or back pain requiring hospitalization, hematin use, treatment consisting of increased 
carbohydrate intake and/or pain medication use) at least 2 times during the 6 months 
before initiation of the Run-in period 

 On a scheduled regimen of hematin to prevent porphyria attacks at the start of the Run-
in period and is willing to stop scheduled hematin use during the Run-in and Treatment 
periods 
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4. Patient is willing to mail urine samples collected during an attack if they are not being 
treated at the study center;  

5. WOCBP must have a negative pregnancy test, cannot be breastfeeding, and must be willing 
to use an acceptable method of contraception 14 days before dosing, throughout study 
participation, and for 90 days after administration of the last dose of study drug.  
Acceptable methods of contraception for this study are defined in Section 5.5; 

6. Patient, or patient’s legal representative, is able and willing to provide written informed 
consent and the patient is willing to comply with the study requirements. 

5.4. Patient Exclusion Criteria (Part C) 
Patients who meet the following criteria will be excluded from Part C: 

1. Patients with any of the following:  ALT and/or TBIL above the ULN, confirmed by retest; 
AST, ALP, or GGT >2 × the ULN confirmed by retest, or if the AST, ALP, or GGT 
>ULN, but <2x ULN, confirmed by retest and considered clinically relevant by the 
Investigator; 

2. Patients with an eGFR <30 mL/min/1.73 m2 (using the MDRD formula) confirmed by 
retest; 

3. Patients with a history of multiple drug allergies or history of allergic reactions to an 
oligonucleotide or to GalNAc; 

4. Patients with a history of intolerance to SC injection(s); 

5. Patients with a history of alcoholism and/or drug abuse within 2 years of the Screening 
visit; 

6. Patients with known HCV, or HIV infection; or evidence of current or chronic HBV 
infection; 

7. Patients who have received an investigational agent within 3 months before administration 
of study drug or who are in follow-up of another clinical study of an investigational agent 
at the time of study drug administration;  

8. Any condition (eg, medical concern), which in the opinion of the Investigator, would make 
the patient unsuitable for dosing on Day 0 or could interfere with the patient’s participation 
in, or completion of, the study. 

5.5. Pregnancy and Breastfeeding Restrictions/Contraception 
Requirements 

WOCBP must have a negative pregnancy test, cannot be breastfeeding, and must be willing to use 
an acceptable method of contraception 14 days before dosing, throughout study participation, and 
for Parts A and B, 42 days after administration of the last dose of study drug (90 days for Part C).  
Acceptable methods of contraception for this study include: 

 Established use of oral, implantable, injectable, or transdermal hormonal methods of 
conception.  However, WOCBP who use hormonal contraceptives as a method of 
contraception must also use a barrier method (condom or occlusive cap [diaphragm or 
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cervical/vault cap] in conjunction with spermicide [foam, gel, film, cream, or 
suppository]).  WOCBP for who hormonal contraception is medically contraindicated 
due to their underlying disease, a double-barrier method (combination of male condom 
with either cap, diaphragm, or sponge, in conjunction with spermicide) is also 
considered an acceptable method of contraception. 

 Placement of an intrauterine device  

 Placement of an intrauterine system  

 Bilateral tubal occlusion 

 Surgical sterilization of male partner (with the appropriate post-vasectomy 
documentation of the absence of sperm in the ejaculate; for female patients on the 
study, the vasectomized male partner should be the sole partner for that patient) 

 True sexual abstinence, when in line with the preferred and usual lifestyle of the 
patient.  Periodic abstinence (eg, calendar, ovulation, symptothermal, post-ovulation 
methods) and withdrawal are not acceptable methods of contraception 

Postmenopausal state is defined as no menses for 12 months without an alternative medical cause, 
confirmed by follicle stimulating hormone level within the postmenopausal range. 

Pregnancy reporting guidelines are provided in Section 10.6. 

5.6. Patient Withdrawal Criteria 
Patients are free to withdraw from the study or from treatment at any time and for any reason, 
without penalty to their continuing medical care.  For those patients who withdraw early, every 
effort will be made to determine their reason for dropping out, and to ensure completion of the ET 
visit. 

5.6.1. Reasons for Withdrawal 
The Investigator may withdraw patient from the study for any of the following reasons: 

 Protocol violation 

 Adverse event 

 Pregnancy 

 Physician decision 

 Significant non-compliance with the dosing visits (Parts B and C only) 

 Patient decision (withdrawal of consent) 

 Other (eg, patients in Part C do not have a porphyria attack during the Run-in period) 

If the patient is withdrawn from the study, the reason will be noted in the patient medical record 
and on the electronic case report form (eCRF). 

The Investigator or designee will also withdraw the patient from the study upon the request of the 
Sponsor or if the Sponsor terminates the study.  Upon occurrence of a SAE or intolerable AE or 
DLT, the Investigator or designee should confer with the Sponsor before discontinuing the patient. 
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5.6.2. Handling of Withdrawals 
In the event a patient is withdrawn from the study, the Medical Monitor at the CRO and Sponsor 
must be informed immediately.  If there is a medical reason for withdrawal, the patient will remain 
under the supervision of the Investigator for protocol-specified safety ET/EOS procedures.   

If a patient is withdrawn or withdraws, every effort should be made to conduct the ET visit.  
Patients who fail to return for final evaluations will be contacted by the study center in an attempt 
to have them comply with the protocol. 

When a patient withdraws from the study, the primary reason for discontinuation must be recorded 
in the appropriate section of the eCRF and all efforts will be made to complete and report the 
observations as thoroughly as possible.   

If a patient is withdrawn for an AE, appropriate medical care should be provided, and the AE 
should be followed to resolution if possible.   

5.6.3. Replacements 
Patients who voluntarily withdraw or are withdrawn are termed dropouts.  Dropouts (except 
patients who are withdrawn due to an AE) may be replaced following discussion between the 
Investigator and Sponsor.  Patients may re-enroll in the Run-in period if no attacks were 
experienced during this period and provided they continue to meet eligibility criteria for the study. 

The replacement patient will be assigned a unique patient number and will receive the same study 
drug assignment and dose level (if applicable) as the patient who is being replaced. Replacement 
patients may join an ongoing group, be dosed together as a group or separately. 
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6. TREATMENT OF PATIENTS 

6.1. Description of Study Drug 
Table 9: Investigational Product 

 Investigational Product Placebo 

Product Name: ALN-AS1 Sterile saline [0.9% NaCl] 

Dosage Form: Solution for Injection Solution for Injection 

Concentration Sterile 175 mg/mL solution N/A 

Route of Administration SC SC 

Physical Description Clear, colorless to pale yellow 
solution essentially free of 
particulates 

Clear, colorless solution 

6.2. Concomitant Medications 
Medication and treatment changes, if deemed clinically necessary, are permitted during the study.  
Patients may receive hematin for the management of acute porphyria attacks.  In addition, at 
Investigator discretion, patients may receive scheduled hematin prophylaxis to prevent attacks, one 
month after receiving the last dose of study drug.  

Use of all concomitant medications will be recorded on the patient’s eCRF.  This will include all 
prescription drugs, herbal preparations, over-the-counter (OTC) medications, vitamins, and 
minerals.  Any changes in medications during the study will also be recorded on the eCRF. 

6.3. Treatment Compliance 
Treatment compliance with study drug administration is dependent on the proper preparation and 
administration of SC injections by study center personnel as well as attendance by the patient to 
the clinic.  Treatment compliance with study drug administration will be verified by study staff 
observation.   

Only 1 dose should be administered each date.  If a patient misses 2 consecutive doses, the 
Investigator, in consultation with the Medical Monitor, will discuss whether the patient will be 
able to continue on the study. 

6.4. Randomization and Blinding 
Parts A and B will be conducted in a single-blind and placebo-controlled manner; only the patients 
will be blinded to treatment.  Patients will also be randomized 3:1 to receive either ALN-AS1 or 
placebo.  The Investigator(s), Medical Monitors at the Sponsor and CRO, study center personnel, 
pharmacokineticist, and members of the SRC will have knowledge of the treatment assignment. 

Part C will be conducted in a double-blind and placebo-controlled manner.  Patients will also be 
randomized 3:1 to receive either ALN-AS1 or placebo.  Patients and Investigators will be blinded 
(the CRO and sponsor are not blinded).  The Medical Monitors, members of the study team at the 
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Sponsor and at the Contract Research Organization(s) (CROs), and certain members of the SRC 
will remain unblinded to the treatment assignment.  In Part C, the blind will be maintained until all 
patients in a cohort complete the Day 168 study visit.  

The clinical study center pharmacist will contact the CRO who maintains the cohort-specific 
randomization list generated by the CRO biostatistician, and will prepare and dispense the study 
drug according to that list. The clinical study center pharmacist will maintain the blind according 
to site-specific procedures and the Pharmacy Manual.  It should be noted that ALN-AS1 may be 
visually distinguishable from placebo; therefore, syringes containing dispensed study drug will be 
masked in the pharmacy before transfer to the clinic. 

Further details will be included in the Study Manual and in the Statistical Analysis Plan (SAP). 

6.4.1. Breaking the Blind 
Parts A and B are single-blind; only the patient is blinded to the treatment assignment.  If the 
patient becomes seriously ill during the study, and the treating physician determines that the 
clinical management of the patient requires that the patient know the study drug assignment, the 
Investigator may break the blind, as necessary, and contact the Medical Monitor and Sponsor as 
soon as possible.   

Part C will be conducted in a double-blind manner, where the patient and Investigator are both 
blinded (the CRO and sponsor are not blinded), and includes a mechanism permitting rapid 
unblinding in case of an emergency.  If a patient becomes pregnant or seriously ill during the 
study, the blind should be broken only if knowledge of the treatment administered will impact 
available treatment options.  Before breaking the blind, the Investigator should attempt to contact 
the Medical Monitor and the Sponsor.  If there is a requirement to unblind patients at a cohort 
level, only patients in that cohort will be unblinded. 

A record of when the blind was broken, who broke the blind, and why it was broken will be 
maintained in the Trial Master File. 
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7. STUDY DRUG MATERIALS AND MANAGEMENT 

7.1. Investigational Product 
The investigational product, ALN-AS1, is comprised of a siRNA ALAS1 mRNA.  This siRNA has 
a covalently attached triantennary GalNAc ligand and is formulated in water for injection. 

The investigational product contains no preservatives and is designed for single use only.  Details 
of the stability information are in the current version of the ALN-AS1 IB. 

7.2. Investigational Product Packaging and Labeling 
All packaging and labeling as well as the preparation of ALN-AS1 will be in compliance with 
Good Manufacturing Practice (GMP) specifications, as well as applicable local regulations. 

7.3. Investigational Product Storage 
The investigational product may be dispensed only by the Investigator, by a staff member 
specifically authorized by the Investigator, or by a pharmacist, as appropriate.   

All investigational product will be stored upright and refrigerated at approximately 5 ± 3°C, 
protected from light in the storage area of the site pharmacy in a secure, temperature controlled, 
locked environment with restricted access.  Any deviation from the recommended storage 
conditions should be reported to the Sponsor and/or the CRO and use of the study drug halted until 
authorization for its continued use has been provided by the Sponsor or designee. 

No special procedures for the safe handling of ALN-AS1 are required. 

The Sponsor or designee will be permitted, upon request, to audit the supplies, storage, dispensing 
procedures, and records. 

No study drug may be administered to any person not enrolled in the study. 

Additional storage details are in the ALN-AS1 Pharmacy Manual. 

7.4. Study Drug Preparation 
The ALN-AS1 Solution for Injection will be supplied as a sterile 175 mg/mL solution.  The 
ALN-AS1 drug product will be packaged in a 2 mL glass vial with a fill volume of no less than 
0.55 mL to allow 0.5 mL to be withdrawn from the vial.  The container closure system consists of 
a United States Pharmacopeia/European Pharmacopoeia (USP/EP) Type I borosilicate glass vial, a 
Teflon-faced stopper and an aluminum seal. 

The Day -1 or Day 0 (predose) study visit weight will be used for ALN-AS1 dose calculation. 

Detailed instructions are in the Pharmacy Manual. 

The control drug for this study will be placebo (normal 0.9% saline for SC administration).  
Control drug will be provided by the study center(s). 
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7.5. Study Drug Administration 
Doses will be administered as per the Schedules of Assessment in Table 1, Table 3, Table 5, and 
Table 11. 

Study drug injection will be administered by qualified site staff under the supervision of the 
Investigator or designee.  The preferred site of injection is the abdomen.  Optional additional sites 
are the upper arms and thighs.  The injection site will be mapped for later observation.  For Parts B 
and C, the site of injection will be rotated.  If a local reaction around the injection site occurs, 
photographs may be taken. 

Detailed instructions are in the ALN-AS1 Pharmacy Manual. 

7.6. Investigational Product Accountability 
The Investigator will maintain accurate records of receipt and the condition of all investigational 
product including dates of receipt.  In addition, accurate records will be kept of the weight used to 
calculate each dispensed ALN-AS1 dose.  Any reasons for departure from the protocol dispensing 
regimen must also be recorded. 

Drug accountability records and inventory will be available for verification by a Sponsor Monitor 
or designee.  At the completion of the study, there will be a final reconciliation of all 
investigational product. 

Investigational product must not be used for any purpose other than the present study.  
Investigational product which has been prepared for a patient but not used must not be 
re-dispensed to a different patient. 

Further instructions are in the ALN-AS1 Pharmacy Manual. 

7.7. Investigational Product Handling and Disposal 
Remaining investigational product (all used, partially used, and unused vials) will be returned to 
the Sponsor or its specified designee/depot or destroyed at the site according to applicable 
regulations. 

Further instructions are in the ALN-AS1 Pharmacy Manual. 
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8. PHARMACOKINETIC ASSESSMENTS 
Blood and urine samples taken for PK analyses will be used to determine the concentration of 
ALN-AS1.  Exploratory analyses may also be conducted to evaluate the concentration of 
ALN-AS1 metabolites in the plasma and/or urine. 

Details of sample collection and processing of plasma and urine PK samples will be included in 
the Laboratory Manual.  

8.1. Blood Sample Collection 
Blood samples will be collected at the time points in the Pharmacokinetic Sampling Schedules 
(Table 2, Table 4, and Table 6) to determine the PK profile of ALN-AS1 in patients in Parts A, B, 
and C, respectively.  Alternative time points for PK blood sample collection in Part C are in 
Table 12 in the appendix.  

8.2. Urine Sample Collection 
Urine samples will be collected and urine volume recorded at the time points in the 
Pharmacokinetic Sampling Schedules (Table 2, Table 4, and Table 6) to determine the amount of 
ALN-AS1 excreted in urine and the renal clearance (CLR) of ALN-AS1 following administration 
of study drug in patients in Parts A, B, and C, respectively.  Alternative time points for PK urine 
sample collection in Parts C are in Table 12 in the appendix. 

8.3. Sample Analysis 
A validated bioanalytical method will be used to determine ALN-AS1 drug substance 
concentrations in plasma and urine for each PK sample.  Exploratory analyses may also be 
conducted to include identification of ALN-AS1 metabolites. 
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9. PHARMACODYNAMIC AND EXPLORATORY ASSESSMENTS 
Details on PD and exploratory biomarker sample collection, processing, and storage will be 
provided in a Laboratory Manual.   

9.1. Pharmacodynamic and Other Exploratory Biomarkers 

9.1.1. Blood Sample Collection 
Blood samples will be collected at the time points shown in the Schedules of Assessment in 
Table 1, Table 3, Table 5, and Table 11 for assessment of the following biomarkers in patients in 
Parts A, B, and C, respectively: 

9.1.1.1. Pharmacodynamic Biomarkers 
Pharmacodynamic biomarkers include:  

 Plasma PBG levels 

 Plasma ALA levels 

9.1.1.2. Other Exploratory Biomarkers 
Where local regulations permit, samples for exploratory biomarkers including the following may 
be collected and stored, if appropriate: 

 Antidrug antibodies 

 ALAS1 mRNA, using a cERD assay 

 Other exploratory biomarkers related to the expression of hepatocyte-derived proteins 
and/or the induction of ALAS1 

9.1.2. Urine Sample Collection 
Urine samples will be collected at the time points shown in the Schedules of Assessment in 
Table 1, Table 3, Table 5, and Table 11 for assessment of the following biomarkers in patients in 
Parts A, B, and C.  Note: on days when 24-hour urine collection is performed, urine samples for 
PD and exploratory biomarkers assessments should be aliquoted from the appropriate PK urine 
collection interval.  Predose urine samples are to be collected within 1 hour before dosing. 

9.1.2.1. Pharmacodynamic Biomarkers 
Pharmacodynamic biomarkers include:  

 Urine PBG levels 

 Urine ALA levels 

Urine creatinine will also be analyzed as part of the ALA and PBG measurements.  PBG levels 
will be determined by spot urine assessments and will be normalized to spot urinary creatinine.  
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9.1.2.2. Other Exploratory Biomarkers 
Where local regulations permit, samples for exploratory biomarkers including the following may 
be collected and stored, if appropriate: 

 ALAS1 mRNA 

 Other exploratory biomarkers related to the expression of hepatocyte-derived proteins 
and/or the induction of ALAS1 

9.1.3. Sample Analysis 
Levels of ALA and PBG will be quantified at the study center and by a central laboratory.  All 
other biomarkers will be measured by a central laboratory. 

9.2. Assessment of Exploratory Clinical Activity 
Study assessments to capture information about porphyria medical history, symptoms, and attacks, 
and quality of life will be completed according to the Schedule of Assessments in Table 1, Table 3, 
Table 5, and Table 11.  The following assessments will be included for Part C only: 

9.2.1. Screening Porphyria Questionnaire 
The screening porphyria questionnaire will be completed by patients and will capture information 
on porphyria attack and treatment history and a pain scale (pain intensity by a validated visual 
analog scale [VAS]). 

9.2.2. Porphyria Self-assessment Form 
The porphyria self-assessment form will be completed by staff members interviewing the patient in 
person or on the phone.  The form will capture changes in porphyria and non-porphyria medical 
history, symptoms, potential precipitants of porphyria attacks, and a pain scale (pain intensity by a 
validated VAS). 

9.2.3. Quality of Life 
Quality of life will be assessed through the use of the EQ-5D-5L0, a standardized 5-question 
instrument for use as a measure of health outcomes.57  

9.2.4. Attack Symptom Inventory Form 
The attack symptom inventory form should be completed by patients if they experience symptoms 
suggestive of an attack, or they receive clinical care for a porphyria attack.  If patients do not 
report to the study center during the attack, they should notify the study site and complete a 
symptom inventory form by phone contact.  The form consists of a list of symptoms experienced 
and a pain scale (pain intensity by a validated VAS). 
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10. ASSESSMENT OF SAFETY 

10.1. Safety Parameters 

10.1.1. Demographic/Medical History 
Patient demographic data and a detailed medical history will be obtained at the time points shown 
in the Schedules of Assessment in Table 1, Table 3, Table 5, and Table 11 for Parts A, B, and C, 
respectively.  In addition to a detailed medical history, urine PBG data obtained within 12 months 
of study drug administration will be collected, if available.  Interval medical history will be 
collected before dosing on Day 0.  Changes in medical history following dosing on Day 0 will be 
captured as TEAE(s) or concomitant medication(s), as appropriate.   

10.1.2. Vital Signs 
Vital signs will be measured at the time points specified in the Schedules of Assessment.  Vital 
signs include systolic/diastolic blood pressure, heart rate, respiratory rate, and temperature, and 
will be measured in the supine position after the patient has rested comfortably for at least 
10 minutes.  Each patient’s blood pressure should be taken using the same arm.  Temperature will 
be recorded in Celsius or Fahrenheit.  Heart rate will be counted for a full minute and recorded in 
beats per minute.  Respirations will be counted for a full minute and recorded in breaths per 
minute. 

When scheduled at the same time as PK blood samples, vital signs will be collected before the PK 
blood sample. 

Additional vital signs may be performed at the discretion of the Investigator. 

10.1.3. Weight and Height 
Body weight will be measured at the study visits listed in the Schedules of Assessment in Table 1, 
Table 3, Table 5, and Table 11; body mass index (BMI) will be calculated as appropriate. 

The Day -1 or Day 0 (predose) study visit weight will be used for ALN-AS1 dose calculation.   

Height will only be measured at the Screening visit. 

10.1.4. Physical Examination 
Complete physical examinations and focused physical examinations are to be performed as 
outlined in the Schedules of Assessment in Table 1, Table 3, Table 5, and Table 11.  A review of 
systems will also be performed as part of any physical exam performed. 

Complete physical examinations will include:  general appearance; head, ears, eyes, nose, and 
throat; cardiovascular; dermatologic; gastrointestinal; lymph nodes; hepatic; musculoskeletal; 
respiratory; and a complete neurological examination. 

Focused physical examinations will include the following systems:  respiratory, cardiovascular, 
dermatologic, gastrointestinal, and neurological. 
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10.1.5. Electrocardiogram  
Computerized 12-lead ECG recordings will be obtained in triplicate at each time point listed in the 
Schedules of Assessment in Table 1, Table 3, Table 5, and Table 11 and read locally.  Each lead 
shall be recorded for at least 3 beats at a speed of 25 mm/s.   

All recorded ECGs will be reviewed by the Investigator, or designee, and the review will be 
documented in the eCRF.  The following electrophysiologic parameters will be assessed:  rhythm, 
ventricular rate, PR interval, QRS duration, and QT interval.  Bazett-corrected QT interval (QTcB) 
will be automatically calculated by the study center equipment and will be available on the ECG 
printout. Fridericia-corrected QT interval (QTcF) will only be assessed at the study center if QTcB 
is not available on the study center equipment.  

For any clinically significant abnormal results, the Investigator must contact the CRO Medical 
Monitor to discuss continued participation of the patient in the study (eg, ischemic ECG changes, 
wave/interval changes, or arrhythmia). 

10.1.6. Clinical Laboratory Assessments 
Blood samples for clinical laboratory testing will be collected pre-dose, if applicable, at the time 
points listed in the Schedules of Assessment in Table 1, Table 3, Table 5, and Table 11. 

Samples for hematology, serum chemistries, coagulation, urinalysis, FSH, pregnancy, serology, 
cytokines, and CRP will be measured centrally, but additional samples may be measured locally at 
the Investigator’s discretion.   

For Part C, on dosing days, results from chemistry, hematology, and coagulation tests collected 
within the prior 14 days must be reviewed by the Investigator before study drug administration. 
These results can be analyzed centrally or at a local laboratory.  If results from within the prior 14 
days are not available at a dosing visit, locally analyzed predose assessments may be used for 
review in order to allow same day study drug administration, but additional samples for central 
analysis must also be collected. 

In the event of an unexplained clinically relevant abnormal laboratory test occurring after study 
drug administration, the test should be repeated and followed up at the discretion of the 
Investigator until it has returned to the normal range or stabilized, and/or a diagnosis is made to 
adequately explain the abnormality.   

At any point during the study, and based on Investigator judgment, if a patient experiences 
uncharacteristic signs and symptoms during a porphyria attack, lipase testing should be performed 
and imaging evaluations (eg, right upper quadrant ultrasound and/or other testing, based on 
Investigator judgment) should be considered by the Investigator.  Signs and symptoms include, but 
are not limited to, uncharacteristic abdominal pain and worsening nausea and vomiting. 

Imaging is required for any serum lipase result of ≥3× the upper limit of normal, or as clinically 
indicated. 

Laboratory parameters will include the following: 

Hematology 

 Hematocrit  Neutrophils, absolute and % 
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 Hemoglobin  Lymphocytes, absolute and % 

 Red blood cell count  Monocytes, absolute and % 

 White blood cell count  Eosinophils, absolute and % 

 Mean corpuscular volume  Basophils, absolute and % 

 Mean corpuscular hemoglobin  Platelet count 

 Mean corpuscular hemoglobin concentration  

Serum Chemistries 

 AST  ALP 

 ALT  Bilirubin (total and direct) 

 Sodium  Glucose 

 Potassium  Phosphate 

 Blood urea nitrogen   Albumin 

 Creatinine  Calcium 

 eGFRa  Lipase 

 Chloride  Bicarbonate 

Urinalysis 

 Visual inspection for color and appearance  Leukocytes 

 pH  Bilirubin 

 Specific gravity  Nitrite 

 Ketones  Urobilinogen 

 Protein  Microscopic inspection of sediment 

 Glucose  

Serologyb 

 HbsAb  Anti-HCVAb 

 HbsAg  HIV I and II Abs 

Coagulation 

 Prothrombin time  International Normalized Ratio 

Other 

 Cytokines (Panel includes IL-1RA, IL-6, 
G-CSF, INF-α, INF-γ, TNF-α, IL-1β, IP-10, 
and IL-12) [Part A only] 

 Serum or urine pregnancy (females of 
childbearing potential only) 

 CRP (Part A and Part C only) 
 FSH (postmenopausal females 

only) 
 Antidrug antibodies 

a eGFR will be calculated using the MDRD formula.  eGFR (mL/min/1.73m2 = 175 × (serum 
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creatinine in mg/dL -1.154) × (Age -0.203) × (1.212, if Black) × (0.742, if female). 
b Results of the assessments will not be entered into the study database.  If a patient is confirmed 

positive for any of these tests (with the exception of being only positive for HbsAb), the patient will 
be referred for further examination, counseling, or treatment and may not be eligible for the study. 

10.2. Adverse and Serious Adverse Events 

10.2.1. Definition of Adverse Events 

10.2.1.1. Adverse Event  
An AE is any untoward medical occurrence in a patient, or clinical investigational patient, 
administered a pharmaceutical product and which does not necessarily have a causal relationship 
with this treatment. 

Therefore, an AE can be any unfavorable and unintended sign (eg, an abnormal laboratory 
finding), symptom, or disease temporally associated with the use of a medicinal product, whether 
or not considered related to the medicinal product.   During the Run-in period of Part C, untoward 
medical occurrences in patients will be collected as AEs, but will categorized as occurring before 
use of study drug. 

10.2.1.2. Serious Adverse Event  
A SAE is any untoward medical occurrence that at any dose of study drug or during the Run-in 
phase of Part C: 

 Results in death 

 Is life-threatening (an event which places the patient at immediate risk of death from 
the event as it occurred.  It does not include an event that had it occurred in a more 
severe form might have caused death) 

 Requires inpatient hospitalization or prolongation of existing hospitalization 

 Results in persistent or significant disability/incapacity 

 Is a congenital anomaly or birth defect 

 An important medical event that may not be immediately life threatening or result in 
death or hospitalization but may jeopardize the patient or may require intervention to 
prevent 1 of the other outcomes listed above.  Examples of such events include allergic 
bronchospasm requiring intensive treatment in an emergency room or at home, blood 
dyscrasias, convulsions, or the development of drug dependency or abuse 

10.2.1.3. Suspected Unexpected Serious Adverse Reactions 
A suspected unexpected serious adverse reaction (SUSAR) is any SAE where a causal relationship 
with the study drug is at least a reasonable possibility, but is not listed in the IB reference safety 
information.   
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10.2.1.4. Other Adverse Events 
Adverse events of clinical interest, other than SAEs and those AEs leading to discontinuation of 
the patient from the study, will be classified as other AEs.  Other AEs may be identified during the 
evaluation of safety data. 

10.3. Eliciting Adverse Event Information 
The patient should be asked about medically relevant changes in his/her health since the last visit.  
The patient should also be asked if he/she has been hospitalized, had any accidents, used any new 
medications, or changed concomitant medication routines (both prescription and OTC). 

In addition to patient observations, AEs will be documented from any clinically relevant laboratory 
findings, vital signs, physical examination findings, 12-lead ECG changes, or other documents, 
that are relevant to patient safety. 

10.4. Adverse Event Reporting 
The Investigator is responsible for reporting all AEs that are observed or reported after 
administration of the first dose of study drug (Parts A and B) or after the start of the Run-in period 
(Part C) through the conclusion of ALA/PBG monitoring regardless of their relationship to study 
drug or clinical significance. 

All AEs must be followed to satisfactory resolution or until the AE is deemed by the Investigator 
to be chronic or the patient to be stable.   

SAEs will be followed until resolved or until the SAE is considered by the Investigator to be 
chronic or the patient is considered to be stable, whichever occurs first. 

Any medical condition that is present when a patient is screened (or, for Part C, at the start of the 
Run-in period) and does not deteriorate is captured as medical history and should not be reported 
as an AE; however, if it does deteriorate at any time during the study (including during the Run-in 
period in Part C), it may meet the definition of an AE and should be reported. 

All AEs must be recorded on the appropriate eCRF page and recorded in the source records at the 
clinical study unit.  The description of the AE will include the onset time and date, duration, 
severity, seriousness, relationship to study drug, action obtained, and outcome (including time and 
date of resolution, if applicable).  AEs resulting from concurrent illnesses, concomitant 
medications, or progression of disease states must also be reported. 

10.4.1. Assessment of Causality 
Causal relationship assessment to drug treatment is required for purposes of reporting AEs.  To 
promote consistency, the following guidelines should be taken into consideration along with good 
clinical and scientific judgment when determining the relationship of study medication to an AE: 
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Definitely Related: A clinical event, including laboratory test abnormality, occurring in a plausible 
time relationship to the medication administration, and which cannot be 
explained by concurrent disease or other drugs or chemicals.  The response to 
withdrawal of the drug should be clinically plausible. 

Possibly Related:  A clinical event, including laboratory test abnormality, with a reasonable time 
sequence to the medication administration, but which could also be explained 
by concurrent disease, or other drugs or chemicals.  Information on the drug 
withdrawal may be lacking or unclear. 

Unlikely Related:  A clinical event, including laboratory test abnormality, with little or no 
temporal relationship to medication administration, and which other drugs, 
chemicals, or underlying disease provide plausible explanations.   

Not Related: A clinical event, including laboratory test abnormality that has no temporal 
relationship to the medication or has more likely alternative etiology.   

10.4.2. Assessment of Toxicity 
Standard toxicity grading according to the CTCAE (Version 4.0) will be used to grade AEs.  Local 
laboratory normal values are to be applied.  Abnormal laboratory and other tests should always be 
repeated before grading in order to ensure consistency and to exclude technical errors.  Diurnal 
variations in laboratory parameters and other measurements as well as baseline status and 
conditions (eg, Gilbert’s syndrome) should be taken into account when assessing whether 
abnormalities constitute a study drug related AE and when grading, if applicable. 

The CTCAE criteria and their interpretation are consistent with the standard severity grading for 
AEs during clinical trials:  Grade I, Grade II, and Grade III AEs may constitute a SAE.  Grades IV 
and V constitute SAE.  

The grading of the CTCAE related to off-target organ toxicities and potentially expected AEs is 
considered suitable for ALN-AS1, study design and the study populations in conjunction with the 
protocol suspension/stopping rules and no further qualifications are required.   
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The CTCAE displays Grades I through V with unique clinical descriptions of severity for each AE 
based on this general guideline: 

Grade I: Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; 
intervention not indicated 

Grade II: Moderate; minimal, local or non-invasive intervention indicated; limiting 
age appropriate instrumental ADLa 

Grade III: Severe or medically significant, but not immediately life-threatening; hospitalization or 
prolongation of hospitalization indicated; disabling; limiting self-care ADLb 

Grade IV: Life-threatening consequences; urgent intervention indicated 

Grade V: Death related to AE 
Abbreviations:  ADL = Activities of Daily Living; AE = adverse event. 
a Instrumental ADL refer to the ability to prepare meals, shop for groceries or clothes, use the telephone, manage 

money, etc. 
b Self-care ADL refer to the ability to bathe, dress and undress, feed self, use the toilet, take medications, and not 

being bedridden. 

10.4.2.1. Injection Site Signs or Symptoms 
Individual signs or symptoms at the injection site reported by a patient within 4 hours following 
dose administration will be collected as an AE.  Injection site signs or symptoms reported after 
4 hours postdose, will be evaluated as to whether the signs or symptoms meet the CTCAE criteria 
of Injection Site Reaction (General disorders and administration site conditions): 

 Grade 

 I II III IV V 

Injection 
site 
reaction 

Tenderness with or 
without associated 
symptoms (eg, 
warmth, erythema, 
itching) 

Pain; 
lipodystrophy; 
edema; 
phlebitis 

Ulceration or 
necrosis; 
severe tissue 
damage; 
operative 
intervention 
indicated 

Life-threatening 
consequences; 
urgent intervention 
needed 

Death 

 
If the CTCAE criteria for ISR are not met, the sign(s) or symptom(s) will be collected as an AE. 

10.5. Serious Adverse Event Reporting 
An assessment of the seriousness of each AE will be made by the Investigator.  Any AE and 
laboratory abnormality that meets the seriousness criteria (Section 10.2.1.2) must be reported to 
the Sponsor or designee within 24 hours from the time that clinical study center personnel first 
learn of the event, using the Serious Adverse Event report form provided.  All SAEs must be 
reported regardless of the relationship to study drug.  The SAE must also be recorded on the 
standard eCRF pages.   

The initial report should include at a minimum the following information: 

 Patient’s study number 
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 Brief description and date of onset of the event 

 Event term being reported and criterion for seriousness 

 Preliminary assignment of causality to study drug 

Routine AE reporting will be via electronic data capture.  SAE reporting will be via the paper SAE 
Report Form provided in the Study Operations Manual.   

The Investigator will complete the SAE report form and fax the form to the Sponsor representative 
immediately (within 24 hours) of becoming aware of an SAE. 

If follow up is required, new information should be provided to the Sponsor or designee as soon as 
it becomes available using the Serious Adverse Event report form.  Copies of discharge 
summaries, consultant reports, autopsy reports, and any other relevant documents may also be 
requested.   

Appropriate remedial measures should be performed by the Investigator or Sub-investigator using 
his/her best medical judgment to treat the SAE.  These measures and the patient’s response to these 
measures should be recorded.  All SAEs, regardless of relationship to study drug, will be followed 
by the Investigator until satisfactory resolution or the Investigator or Sub-investigator deems the 
SAE to be chronic or stable.  Clinical, laboratory, and diagnostic measures should be employed by 
the Investigator or Sub-investigator as needed to adequately determine the etiology of the event.   

10.5.1. Notifying the IEC/IRB 
SAEs will be reported to the IEC/IRB per their institutional policy by the Investigator or Sponsor 
(or Sponsor designee) according to country requirements.  Copies of each report and 
documentation of IEC/IRB notification and acknowledgement of receipt will be kept in the 
Investigator’s study file. 

10.5.2. Sponsor Reporting: Notifying Regulatory Authorities 
The Sponsor or its representative is required to report certain study events in an expedited manner 
to the FDA, the European Medicines Agency’s EudraVigilance electronic system according to 
Directive 2001/20/EC, and to all country Regulatory Authorities where the study is being 
conducted, according to local applicable regulations. 
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The following describes the safety reporting timeline requirements for SUSARs and other 
reportable events: 

Immediately and within 7 calendar days: 
 Any suspected adverse reaction that is:  associated with the use of the study drug, 

unexpected, and fatal or life threatening.  Follow-up information must be reported in the 
following 8 days. 

Immediately and within 15 calendar days: 
 Any suspected adverse reaction that is:  associated with the use of the study drug, 

unexpected, and serious, but not fatal or life threatening, and there is evidence to suggest a 
causal relationship between the study drug and the reaction. 

 Any finding from tests in laboratory animals that:  suggests a significant risk for human 
subjects including reports of mutagenicity, teratogenicity, or carcinogenicity. 

 Any event in connection with the conduct of the study or the development of the study drug 
that may affect the safety of the trial subjects. 

In addition, periodic safety reporting to regulatory authorities will be done by the Sponsor or its 
representative according to national and local regulations. 

10.5.3. Sponsor Reporting: Notifying Participating Investigators 
All Investigators will be informed by the Sponsor or its representative of relevant clinical safety 
findings from this or other clinical studies, as well as any new findings from tests in laboratory 
animals that significantly impact the benefit/risk to patients in this study within 24 hours of the 
Sponsor becoming aware of the relevant clinical safety finding.  All reports should be transmitted 
to the IEC/IRB that approved the study. 

10.6. Pregnancy Reporting 
A patient who becomes pregnant during this study will be instructed to stop all study drug 
administration.  The Principal Investigator, or Sub-investigator, must report patient pregnancies to 
the Sponsor, or its agency, within 24 hours of being notified of the pregnancy.  Details of the 
pregnancy will be reported on a pregnancy report form.  The patient shall receive any necessary 
counseling regarding the risks of continuing the pregnancy and the possible effects on the fetus.  
Monitoring of the patient will continue until the conclusion of the pregnancy, and the outcome of 
the pregnancy will be reported to the Sponsor. 
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11. STATISTICS 
This is a Phase 1 study to investigate the safety, tolerability, PK, and PD of ALN-AS1 in a 
randomized, placebo-controlled manner.  Parts A and B will be conducted in a single-blind manner 
in AIP patients who are ASHE.  Part C will be conducted in a double-blind manner in AIP patients 
who experience recurrent attacks, where the patient and Investigator are both blinded (the CRO 
and sponsor are not blinded).  The clinical activity of ALN-AS1 in AIP patients who experience 
recurrent attacks will also be explored 

11.1. Sample Size 
The sample size was not determined based on power calculations.  Up to 64 AIP patients will be 
enrolled in this study.  Up to 8 patients will be enrolled in Part B (MAD phase).  And, up to 16 
patients may be enrolled in optional cohorts in Part A or Part B.  To account for dropouts, in order 
for up to 24 patients to complete the treatment period, it is anticipated that up to 32 patients may be 
enrolled in Part C (MD phase). 

11.2. Statistical Methodology 
A full statistical analysis plan will be finalized before database lock. 

The specifications in this document will detail the implementation of all the planned statistical 
analyses in accordance with the principal features stated in the protocol.  Statistical analyses will 
be primarily descriptive.  No formal hypothesis testing will be conducted. 

All study data will be presented in by-patient data listings.  Statistical analyses will be primarily 
descriptive.  Analyses will be performed using SAS® for Windows (Version 9.2 or higher).  Data 
from Parts A, B, and C will be analyzed separately but some analyses may be performed on pooled 
data.  Summary tables will present results by treatment group.  Descriptive statistics will be 
presented for continuous variables, and frequencies and percentages will be presented for 
categorical and ordinal variables.  Percentages will be based on the number of nonmissing values 
in a dose group. 

11.2.1. Populations to be Analyzed 
The following populations (analysis sets) will be identified separately for patients in Parts A, B, 
and C.  Each study part will be analyzed separately. 

11.2.1.1. Safety Analysis Set 
All patients who receive at least a single dose of the study medication will be included in the safety 
analyses. 

11.2.1.2. Pharmacokinetic Analysis Set 
All patients who receive at least a single dose of the study medication, have at least 1 blood draw 
postdose, and who have evaluable PK data will be included in the PK analyses.  Exploratory 
PK/PD analyses on the relationship between PK, PD, and safety data may be investigated. 
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11.2.1.3. Pharmacodynamic Analysis Set 
All patients who receive at least a single dose of the study medication and who have at least 
1 postdose urine sample available for measurement of ALA and PBG levels, or at least 1 postdose 
blood draw available for measurement of an exploratory biomarker, will be included in the PD 
analyses. 

11.2.2. Baseline Evaluations 
Demographics will be summarized for patients in the Safety analysis set, by treatment group and 
overall.  If the PK and PD analysis sets are different from the Safety analysis set, then 
demographics will be summarized separately for those.  Descriptive statistics will be provided for 
age, height, weight, and BMI at Screening.  Frequencies and percentages will be tabulated for sex, 
race, and ethnicity. 

11.2.3. Safety Analyses 

11.2.3.1. Safety Parameters 
Safety assessments will include standard laboratory safety tests (hematology, serum chemistry, 
urinalysis, and others, if applicable), vital signs (blood pressure, heart rate, body temperature, and 
respiratory rate), physical examinations, 12-lead ECG, AE monitoring, antidrug antibodies, and 
concomitant medications.  Adverse events occurring during the Run-in period of Part C will be 
presented separately.  

11.2.3.2. Adverse Events 
AEs will be summarized by Medical Dictionary for Regulatory Activities (MedDRA) System 
Organ Class (SOC) and Preferred Term (PT).  Incidences of treatment-emergent AEs (TEAEs), 
those events that started after exposure to study drug or worsened in severity after dosing) will be 
presented by treatment group.  Incidences of TEAEs will also be presented by maximum severity 
and relationship to study drug.  By-patient listings will be provided for deaths, SAEs, DLTs, and 
events leading to discontinuation of treatment.  Incidences of ISR will also be presented by 
treatment group.  Time to first ISR will be analyzed.  The severity and duration of ISR, as well as 
their signs and symptoms, will also be summarized (see Section 10.4.2.1 for ISR AE reporting).  
AEs will be coded and reported according to MedDRA version 16.0, or higher, including SOC and 
PT.  Treatment-emergent AEs will be assigned to the dose received preceding event onset.  All 
AEs will be included in the data listings.  All AEs will be listed.  For Parts A and B, only TEAEs 
will be included in the summary tables. 

The number and percentage of patients reporting AEs, SAEs, study drug-related AEs and AEs 
leading to withdrawal will be summarized. 

11.2.3.3. Clinical Laboratory Safety Tests, Vital Signs, and 12-lead ECG 
For each continuous laboratory parameter (including but not limited to hematology, serum 
chemistry, and urinalysis) results will be categorized as low, normal or high based on the 
laboratory normal ranges.  Frequencies and percentages will be presented by treatment group for 
patients who had a shift to low and for patients who had a shift to high from baseline to any 
postdose assessment.  Baseline values for all safety analyses will be defined as the last observation 
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before dosing.  All out-of-range and clinically significant laboratory results will be identified in 
patient data listings.  Mean laboratory values over time will be plotted by treatment group. 

Descriptive statistics will be presented by study day for actual and change from baseline values for 
vital signs.  Twelve-lead ECG data will be listed by patient. 

Abnormal physical examination findings and antidrug antibodies will be presented in a by-patient 
data listing. 

11.2.4. Pharmacokinetic Analyses 
Pharmacokinetic parameters will be derived from plasma and/or urine ALN-AS1 concentration 
data by noncompartmental methods.  When feasible, PK parameters will include, but will not be 
limited to:  maximum plasma concentration (Cmax), time to maximum plasma concentration (tmax), 
terminal half-life (t1/2β), area under the concentration time curve (AUC) and CLR. 

Concentration data will be summarized by treatment group for drug substance in ALN-AS1 for all 
dose levels at each nominal time point with descriptive statistics.  Pharmacokinetic parameter 
estimates will also be summarized by treatment group using descriptive statistics.  PK data will 
also be displayed graphically, as appropriate.  Exploratory analyses of the PK data and their 
relationship to PD and safety endpoints may be investigated. 

11.2.5. Pharmacodynamic Analyses 
Pharmacodynamic data will be assessed descriptively whenever possible and by exploratory 
statistical comparisons of both raw and relative-to-baseline data.  Whenever the same data are 
reported both locally and via the central laboratory, PD analysis will be based on centrally 
analyzed data.  Pharmacodynamic evaluations will include assessment of concentrations of plasma 
and urinary ALA and PBG, as well as exploratory assessments of serum and/or urinary ALAS1 
mRNA concentration and/or other serum or plasma exploratory biomarkers.  The relationships 
between PD measurements (eg, ALA and PBG concentrations, ALAS1 mRNA and PBG 
concentrations) will be explored and the strengths of the relationships will be assessed whenever 
possible.  Exploratory analyses will examine the associations between PD measures and clinical 
activity assessments (below) whenever possible.  Summary tables, listings, and figures will be 
generated.  

11.2.6. Exploratory Clinical Activity Analyses 
For Part C, the exploratory clinical activity of ALN-AS1 will be analyzed primarily by descriptive 
statistics.  Analyses will include, but are not limited to, a comparison of the following:  number, 
duration, and severity of porphyria attacks; hematin and pain medication use; number and duration 
of hospitalizations; screening porphyria questionnaires; porphyria self-assessments; attack 
symptom inventory forms; EQ-5D-5L index scores; and EQ-5D VAS scales between study periods 
and between active and placebo cohorts.  Possible associations between PD parameters (PBG and 
ALA levels) and clinical activity parameters will also be explored. 

11.2.7. Interim analysis 
There is no formal interim analysis planned for this study. 
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11.2.8. Missing Data 
Unrecorded values will be treated as missing.  The appropriateness of the method(s) described for 
handling missing data will be reassessed and documented at the data review before database lock.  
Depending on the extent of missing values, further investigation may be made into the sensitivity 
of the analysis results to the method(s) specified. 
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12. DIRECT ACCESS TO SOURCE DATA/DOCUMENTS 

12.1. Quality Assurance and Quality Control 
The Investigator will permit trial-related monitoring, audits and review by the IEC/IRB, providing 
direct access to source data/documents.  The study may be subject to audit by the Sponsor or its 
representatives.  If such an audit occurs, the Investigator must agree to allow access to the required 
patient records.  In the event of an audit, the Investigator agrees to allow the Sponsor, 
representatives from the Sponsor, or regulatory agencies access to all study records. 

12.2. Monitoring 
All aspects of the study will be carefully monitored by the Sponsor, or designee, for compliance 
with applicable government regulations with respect to Good Clinical Practice (GCP) and current 
standard operating procedures.  

The monitoring of this study will be performed by the Sponsor’s Monitor(s) or a designee in 
accordance with the principles of GCP as laid out in the International Conference on 
Harmonization (ICH) “Good Clinical Practice: Consolidated Guideline”. 

The clinical monitor, as a representative of the Sponsor, has an obligation to follow the study 
closely.  In doing so, the monitor will visit the Investigator and site periodically as well as maintain 
frequent telephone and letter contact.  The monitor will maintain current personal knowledge of 
the study through observation, review of study records and source documentation and discussion 
of the conduct of the study with the Investigator and staff. 
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13. STUDY REPORTING REQUIREMENTS 
The Sponsor will immediately notify the Investigator of important safety data (eg, toxicology; 
absorption, distribution, metabolism, excretion, teratology) that becomes available during the 
course of this study. 

The Investigator will submit reports of SAEs as outlined in this protocol.  In addition, the 
Investigator agrees to submit progress reports to his/her IEC/IRB per local reporting requirements, 
or at least annually and at the conclusion of the study.  The reports will be made available to the 
Sponsor or designee. 

Deviations from the protocol necessary to protect patient safety should be reported to the Medical 
Monitor and the Sponsor within 24 hours of knowledge of the event. 

Any communications from regulatory agencies in regard to inspections, other studies that impact 
this protocol or the qualifications of study personnel should be promptly reported to the Sponsor. 
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14. ETHICS 

14.1. Informed Consent 
The informed consent is a process by which a patient voluntarily confirms his/her willingness to 
participate in a clinical trial.  It is the responsibility of the Investigator to obtain a written informed 
consent from (ICF) each patient participating in the trial, after explanation of the aims, methods, 
benefits and potential hazards of the trial and in accordance with GCP requirement 
(CPMP/ICH/135/95) and Directive 2001/20/EC.   

The information sheet and consent form given to the patient should be kept clear, relevant and 
understandable, including those measures taken to safeguard patient privacy and the protection of 
personal data 

The Investigator should provide the patient with sufficient time to decide whether or not to 
participate in the trial.  The patient should also be provided with a contact point where he/she may 
obtain further information. 

If more than the ICF constitutes the materials to be used in the consenting process, the patient 
information sheet, consent form and/or form for the protection of personal data should be 
translated into the local language and adapted to local requirements (eg, in respect to data 
protection).  Only the approved version of the ICF can be used at the center. 

The signatures of the consent form and the protection of personal data form must be obtained 
BEFORE any trial specific procedures are performed on the patient.  The Investigator must keep 1 
form personally signed and dated by the patient on file and a copy must be delivered to the patient.  
The informed consent must be documented in the source records.  The patient should be informed 
if new information becomes available that might be relevant to the patient’s willingness to 
continue participation in the study. 

14.2. Independent Ethics Committee/Institutional Review Board Approval 
It is the responsibility of the Investigator to submit this protocol, the informed consent document 
(approved by Sponsor), all relevant supporting information, and study specific advertisements to 
the IEC/IRB for review.  Before the study onset, the protocol, any protocol amendments, ICFs, 
advertisements to be used for patient recruitment, and any other written information regarding this 
study to be provided to a patient or patient’s legal guardian must be approved by the IEC/IRB. 

Before implementing changes in the study, Sponsor and the IEC/IRB must also approve any 
revised informed consent documents and amendments to the protocol. 

National regulations and ICH require that approval be obtained from an IEC/IRB before 
participation of patients in research studies. 

The Investigator will make all attempts to ensure that the IEC/IRB is constituted and operates in 
accordance with ICH GCP and any local regulations. 
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14.3. Confidentiality  
The Investigator agrees to maintain the confidentiality of the study at all times.  By signing the 
final protocol, each Investigator agrees to keep all information and results concerning the study 
and the investigational product confidential for as long as the data remain unpublished.  This 
confidentiality obligation applies to all personnel involved at the investigational site. 

The Investigator must ensure that patient anonymity will be maintained.  On documents submitted 
to the Sponsor, patients should not be identified by their names, but by the assigned patient number 
and initials.  If patient names are included on copies of documents, the names (except for initials) 
will be obliterated and the assigned patient number added to the document before submission to 
the Sponsor.  Documents not for submission to the Sponsor (eg, signed ICFs) should be maintained 
by the Investigator in strict confidence. 

Following GCP principles, a patient number will be used to identify the patient in their study 
records.  Laboratory samples and samples in storage will be labeled with only the patient number; 
the identity of the patient will only be known by the clinical study center.  An independent 
numbering code and the label will not contain any other personal identification information.  The 
numbering code associated with these labels will be held by the study CRO and the Sponsor, 
thereby allowing no unwarranted access to the information.  When reporting results for interim 
safety assessment and at the end of the study, the code will be shared per standard operating 
procedures with the responsible member of the Biostatistical and Data Management Departments 
of the CRO (as applicable).  The numbering code will also be held for samples in storage until 
marketing approval in the countries where this study was conducted, or until notified that storage 
is no longer required. 
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15. DATA HANDLING AND RECORD KEEPING 

15.1. Inspection of Records 
Sponsor will be allowed to conduct clinical trial site visits to the investigation facilities for the 
purpose of monitoring any aspect of the study.  The Investigator agrees to allow the monitor to 
inspect the drug storage area, study drug stocks, drug accountability records, patient charts and 
study source documents, and other records relative to study conduct. 

15.2. Retention of Records 
Essential study documents should be retained for the period of time required by applicable local 
law.  The essential documents include the signed and dated final protocol, signed and dated 
amendments(s), if applicable, signed and dated Curriculum Vitae of the Investigators, copies of the 
completed eCRFs, signed ICFs, IEC/IRB approval and all related correspondence, financial 
agreements, regulatory approval, drug accountability, study correspondence, and patient 
identification codes.  Records will not be destroyed without informing the Sponsor in writing and 
giving the Sponsor the opportunity to store the records for a longer period of time at the expense of 
the Sponsor. 

The ICH requires that patient identification codes be retained for at least 15 years after the 
completion or discontinuation of the study. 
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16. PUBLICATION POLICY 
It is intended that after completion of the study, the data are to be submitted for publication in a 
scientific journal and/or for reporting at a scientific meeting.  A copy of any proposed manuscript 
will be provided and confirmed received at the Sponsor at least 30 days before its submission, and 
according to any additional publication details in the Investigator Agreement.  
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18. APPENDICES 

18.1. List of Sensitive CYP3A Substrates and those with a Narrow 
Therapeutic Range 

 

Table 10: List of Sensitive CYP3A Substrates and those with a Narrow Therapeutic Range 

Sensitive CYP3A Substrates  CYP3A Substrates With A Narrow 
Therapeutic Range 

alfentanil fluticasone  alfentanil 

aprepitant lopinavir  astemizole 

budesonide lovastatin  cisapride 

buspirone lurasidone  cyclosporine 

conivaptan maraviroc  diergotamine 

darifenacin midazolam  dihydroergotamine 

darunavir nisoldipine  ergotamine 

dasatinib quetiapine  fentanyl 

dronedarone saquinavir  irinotecan 

eletriptan sildenafil  pimozide 

eplerenone simvastatin  quinidine 

everolimus sirolimus  sirolimus 

felodipine tolvaptan  tacrolimus 

imatinib tipranavir  terfenadine 

indinavir triazolam   

 vardenafil   

Note:  This is not an exhaustive list and availability of medications may differ between countries.  For more 
information about clinically relevant drugs that are CYP3A substrates, see the Indiana University Division of 
Pharmacology website for reference: http://medicine.iupui.edu/clinpharm/ddis/clinical-table/. 
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18.2. Schedule of Assessments and Pharmacokinetic Sampling Schedule – Part C (Multi-dose Phase) 
Alternative Dosing Regimens 

Table 11: Schedule of Assessments – Part C (Multi-dose Phase) Alternative Dosing Regimens 

Procedures 
Run-in 

Perioda,b 
Dosingc/ 

Discharge 
Treatment Period 

(Outpatient) 
Dosingc/ 

Discharge 
Return Visitsb 

(Outpatient) 

ALA/PBG 
Monitoring/ 

6-Month 
Follow-

Up/EOSe 

Study Week 
W-24 to    

W-4 

Q4W 
±5D 

W0 W0 W1 W2 W3 W4 W6 W8 W10 W12 W12 W14 W16 W20 W24 W36 

Study Day 
D-168 to     
D-28±5 

D-1 or 
D0 D1 

D7 
±2 

D14 
±2 

D21 
±2 

D28 
±7 

D42 
±2 

D56 
±7 

D70 
±2 

D84 
±7 

D85 
±7 

D98 
±3 

D112 
±3 

D140 
±3 

D168 
±3/ETd 

D252 
±7/EOS 

Informed Consent X                  

Demographics X                  

Medical Historyf X X Xg                

Inclusion/Exclusion X                  

Randomization   Xg                

Pregnancy Testh X  Xg     X  X  X    X X  

FSHh and 
serologyj 

X                  

Lab 
kit/Instructionsk 

X                  

Physical Examl X  Xg X    Xg  Xg  Xg X    X  

Body Weight and 
Heightm 

X  Xg 
 Xg Xg Xg Xg Xg Xg Xg Xg 

    X  

BMI Calculation X                X  

Vital Signsn X  X X Xg Xg Xg Xg Xg Xg Xg X X X X X X  
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Table 11: Schedule of Assessments – Part C (Multi-dose Phase) Alternative Dosing Regimens 

Procedures 
Run-in 

Perioda,b 
Dosingc/ 

Discharge 
Treatment Period 

(Outpatient) 
Dosingc/ 

Discharge 
Return Visitsb 

(Outpatient) 

ALA/PBG 
Monitoring/ 

6-Month 
Follow-

Up/EOSe 

Study Week 
W-24 to    

W-4 

Q4W 
±5D 

W0 W0 W1 W2 W3 W4 W6 W8 W10 W12 W12 W14 W16 W20 W24 W36 

Study Day 
D-168 to     
D-28±5 

D-1 or 
D0 D1 

D7 
±2 

D14 
±2 

D21 
±2 

D28 
±7 

D42 
±2 

D56 
±7 

D70 
±2 

D84 
±7 

D85 
±7 

D98 
±3 

D112 
±3 

D140 
±3 

D168 
±3/ETd 

D252 
±7/EOS 

Triplicate 12-lead 
ECG X  Xg X        Xg X    X  

Chem, Hem, Coag, 
CRP and UA X  Xg,o X Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o Xg,o X X X X X  

Screening Porphyria 
Questionnairep X                   

Porphyria Self-
assessment Formq X X Xg     X  X  X       

Quality of Life 
Assessment (EQ-
5D-5L) 

X             X   X  

QOL (EQ-5D-5L), 
if hospitalized for 
an attackr 

X X  

Attack Symptom 
Inventory Forms Xa X 

Study Drug Admint   X  X X       

Urine and Plasma 
PBG and ALAu X X Xg,v X Xg Xg Xg Xg Xg Xg Xg Xg,v X X X X X X 
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Table 11: Schedule of Assessments – Part C (Multi-dose Phase) Alternative Dosing Regimens 

Procedures 
Run-in 

Perioda,b 
Dosingc/ 

Discharge 
Treatment Period 

(Outpatient) 
Dosingc/ 

Discharge 
Return Visitsb 

(Outpatient) 

ALA/PBG 
Monitoring/ 

6-Month 
Follow-

Up/EOSe 

Study Week 
W-24 to    

W-4 

Q4W 
±5D 

W0 W0 W1 W2 W3 W4 W6 W8 W10 W12 W12 W14 W16 W20 W24 W36 

Study Day 
D-168 to     
D-28±5 

D-1 or 
D0 D1 

D7 
±2 

D14 
±2 

D21 
±2 

D28 
±7 

D42 
±2 

D56 
±7 

D70 
±2 

D84 
±7 

D85 
±7 

D98 
±3 

D112 
±3 

D140 
±3 

D168 
±3/ETd 

D252 
±7/EOS 

Urine PBG and 
ALA during 
Attackw 

Xa X  

Exploratory 
Biomarkersx X  Xg X Xg   Xg    Xg X X X X X X 

Antidrug 
Antibodies   Xg      Xg  Xg      X  

Plasma PKy   X X Xg Xg Xg Xg  Xg Xg Xg X X X X X X  

Urine PKz   X X X X X X X X X X X X X X X  

Phone Contact                  X 

Concomitant Meds X 

Review/Record 
AEsaa X 

Abbreviations:  Admin = administration; AE = adverse events; ALA = delta-aminolevulinic acid; BMI = body mass index; Chem = serum chemistry; D = day; 
ECG = electrocardiogram; EOS = end-of-study; ET = early termination; FSH = follicle-stimulating hormone; HbsAb = hepatitis B surface antibody; HbsAg = 
hepatitis B surface antigen; HCV = hepatitis C virus; Hem = hematology; HIV = human immunodeficiency virus; Meds = medications; PBG = porphobilinogen; 
Physical Exam = physical examination; PK = pharmacokinetics; SC = subcutaneously; SRC = safety review committee; TEAE = treatment-emergent adverse 
event; UA = urinalysis; VAS = visual analog scale;  W = week. 

a. Screening assessments will be performed on the first day of the Run-in period, which will start between 4 and 24 weeks prior to Day 0.  In order to be 
randomized, patients must have experienced at least 1 porphyria attack during the Run-in period (a porphyria attack is defined as intense abdominal or 
back pain requiring hospitalization, hematin use, or treatment consisting of increased carbohydrate intake and/or administration of pain medication).  If 
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patients do not report to the study center during the attack, they should notify the study site and complete an attack symptom inventory form by phone 
contact and send at least 1 urine sample by mail to the study center. 

b. Certain study visits may be replaced by at-home assessments by visiting nurses (or by phone calls during the Run-in period), at the Investigator’s 
discretion. 

c. Patients who continue to be eligible after the Run-in period will be admitted to the study center on the mornings of Days 0 and 84 for inpatient dosing and 
remain at the study center for at least 24 hours following dosing on those days.  The inpatient period may be prolonged for reasons of operational 
efficiency, or if it is considered clinically necessary by the Investigator on an individual patient-by-patient basis, and/or if the SRC considers it necessary 
for determining safety and tolerability for upcoming dose levels/patients. 

d. If a patient withdraws or is discontinued after Day 0, but before Day 168, then ET assessments should be performed. 
e. In patients not enrolling in the OLE study, ALA or PBG urine levels will be monitored 6 months following the last dose.  Patients will be provided with 

laboratory kits and instructions to collect a urine sample to send in by mail to the study center.  Patients will be contacted by phone with a reminder to 
send the sample.  Patients may also return to the study center on an outpatient basis for this assessment. 

f. In addition to a detailed medical history, urine PBG data obtained within 12 months of study drug administration will be collected, if available.  Interval 
medical history will be collected before dosing on Day 0.  Changes in medical history following dosing on Day 0 will be captured as TEAE(s) or 
concomitant medication(s), as appropriate. 

g. Before dosing (or, on days when no drug is administered, at a single time point corresponding to the time of first dose administration [±1 hour] on Day 0. 
h. For females of childbearing potential only.  Additional pregnancy tests may be performed during the study at the Investigator’s discretion. 
i. For postmenopausal females only. 
j. Serology includes HbsAb, HbsAg, anti-HCV antibodies and HIV I and II. 
k. Patients will be dispensed laboratory kits and provided instructions (including questionnaires, if applicable) for urine collection in the event that they are 

unable to report to the study center during an attack or during the Run-in period. 
l. A full physical examination will be performed at Screening and on Days 0, 84, and 168 or at ET.  A focused physical examination will be performed on 

Days 1, 28, 56, and 85.  
m. The Day 0 study visit (predose) weight will be used for ALN-AS1 dose calculation.  Height will only be measured at Screening. 
n. Vital signs include blood pressure, heart rate, body temperature, and respiratory rate.  Vital signs will be measured in the supine position after the patient 

has rested comfortably for at least 10 minutes.  On Days 0 and 84 only, vital signs will be measured predose on the day of dosing and 30 min (±5 min) and 
4 hours (±15 min) postdose.  On all other days, vital signs will be measured predose (or at a corresponding time on days when no study drug is 
administered). 

o. On dosing days, results from hematology, chemistry, and coagulation tests collected within the prior 14 days must be reviwed by the Investigator before 
study drug administration. These results can be analyzed centrally or at a local laboratory. If results from within the prior 14 days are not available at a 
dosing visit, locally analyzed predose assessments may be used for review in order to allow same day study drug administration, but additional samples 
for central analysis must also be collected. 

p. To be completed by patients on the first day of the Run-in period; this questionnaire will capture information on porphyria attacks, treatment history, and a 
pain scale (pain intensity by a visual analog scale (VAS). 

q. To be completed by staff members interviewing the patient each month during the Run-in period.  The form will capture changes in porphyria symptoms, 
potential precipitants of porphyria attacks, and a pain scale (pain intensity by a validated VAS). 

r. In addition to the QOL assessments during the predefined time points, an EQ-5D-5L questionnaire should be completed once at any time during 
hospitalization for a porphyria attack during the Run-in period and once at any time during hospitalization for a porphyria attack after administration of 
study drug. 
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s. Any time during the study, the attack symptom inventory form should be completed by patients if they experience symptoms suggestive of an attack, or 
they receive clinical care for a porphyria attack.  If patients do not report to the study center during the attack, they should notify the study site and 
complete a symptom inventory form by phone contact. 

t. ALN-AS1 will be injected SC into the abdomen, or if necessary, into the thigh or upper arm; injection site will be rotated.  Doses will be administered at 
the same time of day (±2 hours).  All doses will be administered at the study center.  Study drug will not be administered more often than weekly, but may 
also be administered less frequently (eg, every 2 weeks, quarterly, or monthly) as determined by the SRC.  Patients will continue to attend intermediate 
visits to the study center. 

u. Urine and plasma ALA and PBG levels may be measured by a local laboratory and confirmed by a central laboratory or measured by a central laboratory 
only.  No more than 2 additional optional samples will be collected. 

v. Blood samples for plasma ALA and PBG on Days 0 and 84 will be collected within 1 hour before dosing, at 6 hours (±10 min), and 8 hours (±20 min).  
Urine samples for ALA, PBG, and porphyrin levels will be aliquoted from samples obtained at the following urine PK collection intervals:  predose, 0-6 
hours (±30 min), and 6-12 hours (± 30 min); on other days, spot urine samples will be used for measurement of ALA and PBG levels.  Optional ALA and 
PBG blood or urine samples may be collected and/or collection time points adjusted based on preliminary data, in order to accurately characterize the PD 
effects of ALN-AS1. 

w. At any point during the study, urine ALA and PBG levels should be collected within 24 hours of start of clinical intervention for an attack (eg, hematin, 
glucose) and within 24 hours of end of intervention during an attack(s).  In addition, if a patient is placed on hematin prophylactically in the return visits 
(outpatient) period, urine should be collected prior to the hematin infusion and within 24 hours of end of the hematin infusion.  Urine collected may also 
be used for exploratory biomarker assessment.  These samples may be mailed to the site for analysis using collection kits provided.   

x. Plasma, serum, and urine samples will be collected for exploratory biomarker assessments.  Collect urine samples only during ALA/PBG Monitoring. 
y. Blood samples for plasma PK analysis will be collected at the time points shown in Table 12. 
z. Urine samples for PK analysis will be collected at the time points shown in Table 12. 
aa. See Section 10.2.  
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Table 12: Pharmacokinetic Sampling Schedule – Part C (Multi-dose Phase) Alternative Dosing Regimens 

Sample Timing 
Dosing/ 

Discharge 
Treatment Period 

(Outpatient) 
Dosing/ 

Discharge 
Return Visits 
(Outpatient) 

Study Week W0 W0   W1 W2 W3 W4 W6 W8 W10 W12 W12 W14 W16 W20 W24 

Study Day D0 D1 
D7 
±2 

D14 
±2 

D21 
±2 

D28 
±7 

D42 
±2 

D56 
±7 

D70 
±2 

D84 
±7 

D85 
±7 

D98±
3 

D112 
±3 

D140 
±3 

D168±3/ 
ET 

Plasma PKa                 

Predose Xb   Xa  Xa Xa Xa Xa Xa      

5 min (±1 min) postdose X         X      

10 min (±1 min) postdose X         X      

30 min (±2 min) postdose X         X      

1 hr (±5 min) postdose X         X      

2 hr (±5 min) postdose X   X  X X X X X      

4 hr (±5 min) postdose X         X      

6 hr (±10 min) postdose X         X      

8 hr (±20 min) postdose X         X      

24 hr (±1 hr) postdose  X         X     

Single time point   Xd   Xd Xd Xd Xd 

Urine PKa                

Predose  Xb         Xb      

0-6 hr (±5 min) postdose Xc         Xc      

6-12 hr (±5 min) postdose Xc         Xc      

12-24 hr (±30 min) postdose Xc         Xc      

Spot PK sample   Xd   Xd Xd Xd Xd 

Abbreviations:  D = day; EOS = end-of-study; ET = early termination; hr = hour(s); min = minute(s); PK = pharmacokinetic(s). 
a. Optional PK samples may be collected and/or collection time points adjusted based on preliminary data, in order to accurately characterize the 

concentration-time profile of ALN-AS1.  No more than 2 additional optional samples will be collected. 
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b. Predose samples will be collected within 1 hour before dosing. 
c. Postdose urine samples collected within a collection interval on Days 0 and 84 will be pooled, so that 24-hour urine samples will be collected on Days 0 

and 84.  
d. On days when study drug is administered, a spot urine PK sample will be collected within 1 hour before dosing.  On days when no study drug is 

administered, a spot urine PK sample and a single time point plasma PK sample at a single time point corresponding to the time of first dose 
administration [±1 hour] on Day 0. 
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Amendment 1 Summary of Changes 

Protocol ALN-AS1-001 dated 06 February 2015 

A Phase 1, Single-ascending Dose, Multiple-ascending Dose, and Multi-dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

 

 

Rationale for Amendment 1 
This protocol amendment modifies study eligibility criteria.  ALN-AS1 is primarily excreted 
renally and this amendment will exclude patients with impaired renal function. 

In addition, the amendment provides a more detailed discussion on embryo-fetal risk based on 
current knowledge of the potential effect of ALAS1 suppression on pregnancy, and clarifies the 
information provided on medicinal products that may be affected by ALN-AS1 due to CYP3A 
activity.  The changes do not alter the risk:benefit ratio of ALN-AS1.  Lastly, as this is a first 
time in man study and scaling from animal data to pharmacokinetics (PK) in man may not be as 
expected, flexibility has been added to the protocol regarding PK and pharmacodynamic (PD) 
sampling time points. 

 

Purposes for Amendment 1 

• Update the Sponsor signatory 

• Allow optional PD sample collection 

• Allow optional PK sample collection  

• Modify in the risk:benefit section regarding the embryo-fetal risk 

• Clarify the potential increases in the clearance of drugs metabolized by the 
cytochrome p450 3A isoform  

• Add exclusion criterion for renal impairment to all 3 parts of the study 

• Specify that urine creatinine will be measured 

• Specify that non-porphyria medical history will also be captured 

• Clarify procedures to be performed as part of physical exams 

• Add renal function laboratory testing as part of chemistry panel  

 

A detailed summary of changes is provided in Table 1.  Corrections to typographical errors, 
punctuation, grammar, abbreviations, and formatting are not detailed. 
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Table 1: Protocol Amendment 1 Detailed Summary of Changes 

The primary section(s) of the protocol affected by the changes in amendment #1 are indicated.  The corresponding text has been revised 
throughout the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose: Update the Sponsor signatory 

Primary change: Cover page 

Formerly read: Akshay Vaishnaw, MD, PhD 
Executive Vice President and Chief Medical Officer 

Now reads: Pushkal Garg, MD, PhD 
Senior Vice President , Clinical Research 

Purpose:   Allow optional pharmacodynamic sample collection 

Primary change: Tables 1,3, and 5 – Schedule of Assessments (Parts A-C) 

Formerly read: Footnote q: Blood samples for plasma ALA and PBG will be collected within 1 hour before dosing, at 6 hours (±10 min), 
and 8 hours (±20 min) on Day 0.  Samples for the measurement of urine ALA and PBG levels on Day 0 will be aliquoted 
from the following urine PK collection intervals:  predose, 0-6 hours (±30 min), and 6-12 hours (±30 min); on other days, 
spot urine samples will be used for measurement of ALA and PBG levels.   

Now reads: Footnote q: Blood samples for plasma ALA and PBG will be collected within 1 hour before dosing, at 6 hours (±10 min), 
and 8 hours (±20 min) on Day 0.  Samples for the measurement of urine ALA and PBG levels on Day 0 will be aliquoted 
from the following urine PK collection intervals:  predose, 0-6 hours (±30 min), and 6-12 hours (±30 min); on other days, 
spot urine samples will be used for measurement of ALA and PBG levels.  Optional ALA and PBG blood or urine 
samples may be collected and/or collection time points adjusted based on preliminary data, in order to accurately 
characterize the PD effects of ALN-AS1. 

Purpose:   Allow optional pharmacokinetic sample collection 

Primary change: Table 2,4, and 6 – Pharmacokinetic Sampling Schedule (Parts A-C) 

Added text: Footnote a: Optional PK samples may be collected and/or collection time points adjusted based on preliminary 
data, in order to accurately characterize the concentration-time profile of ALN-AS1.  

Alnylam Pharmaceuticals Confidential 2 
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Purpose:   Modify in the risk:benefit section regarding the embryo-fetal risk 

Primary change: Section 1.6 – Risk – Benefit Assessment 

Added text: • Published data have determined that homozygous knock-out mice for ALAS1 are embryonic lethal, while 
heterozygous knock-out mice are viable.54  However, ALN-AS1 has a high molecular weight (16,300 
Daltons) and is therefore unlikely to cross the placenta.  In a recent research study with a siRNA-GalNAc 
compound similar to ALN-AS1, pregnant rats were dosed every third day from gestation day (GD) 3 
through GD 15 at 10 mg/kg.  Even though maternal liver concentrations averaged 257 µg/g (with clear 
pharmacologic correlations), there was no detectable compound in fetal liver on GD 21.  Published data 
also indicate that hepatic ASGPR receptors are absent in the developing fetus and do not start to be 
expressed until immediately prior to birth and shortly after.55,56,57,58  These data suggest that the risk of 
placental transfer of ALN-AS1 to the developing embryo/fetus and fetal liver would be very low.  Further, 
in all non-clinical studies, it has not been possible to exceed 80% reduction of ALAS1, even when doses of 
ALN-AS1 are given at the high end of toxicity study range.  Therefore, the likelihood of affecting fetal 
ALAS1 levels as a function of maternal drug exposure is low.  Lastly, based on data from genotoxicity 
studies, there is no evidence of any genotoxicity with ALN-AS1.  In summary, the Sponsor believes it is 
unlikely ALN-AS1 treatment of pregnant women or animals poses a risk to embryo-fetal development.  
However, in the absence of data from embryo-fetal developmental toxicity studies with ALN-AS1, study 
participants are required to use acceptable methods of contraception as defined in protocol Section 5.5, 14 
days before dosing, throughout study participation, and for 42 days after the last dose of study exposure 
(the expected lower limit of systemic exposure). 

Section(s) also 
containing this 
change: 

Section 17, List of References 

Purpose:   Clarify the potential increases in the clearance of drugs metabolized by the cytochrome p450 3A isoform 

Primary change: Section 1.6 – Risk – Benefit Assessment 

Formerly read: • Studies done in NHP demonstrated that ALN-AS1 dosing could potentially increase the clearance of drugs 
metabolized by the cytochrome CYP3A.   As contraception hormones are metabolized via CYP3A, women 
who enter the study on hormonal contraception are required to use a barrier method of contraception, in 
addition to 1 highly effective method of contraception, during their participation in the study and for 42 days 
after administration of the last dose.  All women of child-bearing potential (WOCBP) must be willing to use 
contraception as defined in Section Error! Reference source not found. 14 days before dosing, throughout 
study participation, and for 42 days after the last dose of study medication (the expected lower limit of 
systemic exposure).   
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Now reads: • A study done in NHP demonstrated that ALN-AS1 dosing could potentially increase the clearance of drugs 
metabolized by the cytochrome p450 3A isoform (CYP3A). As contraceptive hormones are metabolized via 
CYP3A, women who enter the study on hormonal contraception are required to use a barrier method of 
contraception, in addition to 1 highly effective method of contraception, during their participation in the study 
and for 42 days after administration of the last dose. All women of child-bearing potential (WOCBP) must be 
willing to use contraception as defined in Section 5.5, 14 days before dosing, throughout study participation, 
and for 42 days after the last dose of study medication (the expected lower limit of systemic exposure).  A list 
of other sensitive CYP3A-metabolized drugs and CYP3A metabolized drugs with a narrow therapeutic 
range is attached in Appendix 1 and can be found in the ALN-AS1 IB.  The study doctor will review all 
patient medications at the start of the study and their patient’s response to these medications 
throughout the study. 

Section(s) also 
containing this 
change: 

• Section 18, Appendix 1:  List of Sensitive CYP3A Substrates and those with a Narrow Therapeutic 
Range 

Purpose:   Add exclusion criterion for renal impairment to all 3 parts of the study 

Primary change: Section 5.2 - Exclusion Criteria (Parts A and B) 
Section 5.4 - Exclusion Criteria (Parts C) 

Added text: Patients with an Estimated Glomerular Filtration Rate (eGFR) <30 mL/min/1.73 m2 (using the Modification of 
Diet in Renal Disease [MDRD] formula) confirmed by retest. 

Section(s) also 
containing this 
change: 

• SYNOPSIS 

Purpose:   Specify that urine creatinine will be measured 

Primary change: Section 9.1.2.1 – Pharmacodynamic Biomarkers 

Added text: Urine creatinine will also be analyzed as part of the ALA and PBG measurements.  

Purpose:   Specify that non-porphyria medical history will also be captured 

Primary change: Section 9.2.2 - Porphyria Self-assessment Form 
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Added text: The porphyria self-assessment form will be completed by staff members interviewing the patient in person or 
on the phone.  The form will capture changes in porphyria and non-porphyria medical history, symptoms, 
potential precipitants of porphyria attacks, and a pain scale (pain intensity by a validated VAS).  

Purpose:   Clarify procedures to be performed as part of physical exams 

Primary change: Section 10.1.4 – Physical Examination 

Formerly read: Complete physical examinations and focused physical examinations are to be performed as outlined in Error! Reference 
source not found., Error! Reference source not found., and Error! Reference source not found..   

Complete physical examinations will include:  general appearance; head, ears, eyes, nose, and throat; cardiovascular; 
dermatologic; abdominal; genito-urinary; lymph nodes; hepatic; musculoskeletal; respiratory; and neurological systems. 

Focused physical examinations will include the following systems:  respiratory, cardiovascular, dermatologic, 
and abdomen. 

Now reads: Complete physical examinations and focused physical examinations are to be performed as outlined in Error! Reference 
source not found., Error! Reference source not found., and Error! Reference source not found..  A review of 
systems will also be performed as part of any physical exam performed. 

Complete physical examinations will include:  general appearance; head, ears, eyes, nose, and throat; cardiovascular; 
dermatologic; gastrointestinal; genito-urinary; lymph nodes; hepatic; musculoskeletal; respiratory; and a complete 
neurological examination. 

Focused physical examinations will include the following systems:  respiratory, cardiovascular, dermatologic, 
gastrointestinal, and neurological. 

Purpose:   Add renal function laboratory testing as part of chemistry panel 

Primary change: Section 10.1.6 – Laboratory Assessments. 

Added text: Under Serum Chemistries: 
Added eGFR. 
Added footnote a: eGFR will be calculated using the MDRD formula.  eGFR (mL/min/1.73m2 = 175 x (serum 
creatinine in mg/dL -1.154) x (Age -0.203) x (1.212 if Black) x (0.742 if female).   
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Amendment 2 Summary of Changes 

Protocol ALN-AS1-001 dated 08 April 2015 

A Phase 1, Single-ascending Dose, Multiple-ascending Dose, and Multi-dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 
 

Rationale for Amendment 2 
Modifications to protocol ALN-AS1-001 have been made to the dose escalation stopping rules, 
and to eligibility criteria.  Additional dose escalation suspension/stopping rules  have been added 
to include the requirement to stop dose escalation upon the occurrence of 2 or more severe 
adverse events  or 1 or more serious adverse event that are at least possibly related to study drug.  
In addition, the eligibility criterion for renal impairment of patients in Parts A and B has been 
modified.  ALN-AS1 is primarily excreted renally and this amendment will make this exclusion 
criterion more stringent in order to ensure that asymptomatic “high excreters” (ASHE) with 
moderate or severe renal impairment are not enrolled in this first-in-man study.   The changes are 
being made following Regulatory Agency feedback.  The changes are not being made in light of 
new nonclinical or clinical data, and the risk-benefit of ALN-AS1 remains unchanged. 

A detailed summary of changes is provided in Table 1.  Corrections to typographical errors, 
punctuation, grammar, abbreviations, and formatting are not detailed. 
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Table 1: Protocol Amendment 2 Detailed Summary of Changes 

The primary section(s) of the protocol affected by the changes in amendment 2 are indicated.  The corresponding text has been revised throughout 
the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose:   Add dose escalation/stopping rules for patients experiencing severe and serious adverse events 

Primary change: Section 4.5 – Study Progression 

Formerly read: A dose escalation suspension/stopping rule is met if any of the criteria listed below are met at any dose level in patients 
receiving ALN-AS1 as outlined:  

• Two or more patients at a dose level with a similar DLT (ie, 2 patients with LFT abnormalities, or 2 patients with 
absolute QTc >500 msec and/or QTc change of >60 msec from baseline (Day 0 or Day -1); 

• If 1 or more patients has LFT abnormalities that meet all the criteria for Hy’s Law: 
• ALT or AST > 3 × ULN and serum total BR > 2 × ULN without initial findings of cholestasis (elevated serum ALP), 

and no other reason can be found to explain the combination of increased AST and TBIL such as viral hepatitis. 
Now reads: A dose escalation suspension/stopping rule is met if any of the criteria listed below are met at any dose level in patients 

receiving ALN-AS1 as outlined:  

• Two or more patients at a dose level with a similar DLT (ie, 2 patients with LFT abnormalities, or 2 patients with 
absolute QTc >500 msec and/or QTc change of >60 msec from baseline (Day 0 or Day -1); 

• If 1 or more patients has LFT abnormalities that meet all the criteria for Hy’s Law: 
• ALT or AST > 3 × ULN and serum total BR > 2 × ULN without initial findings of cholestasis (elevated serum ALP), 

and no other reason can be found to explain the combination of increased AST and TBIL such as viral hepatitis. 
• If 2 or more patients at a dose level experience a severe adverse event at least possibly related to study drug. 
• If 1 or more patients experience a serious adverse event (SAE) considered to be at least possibly related to study 

drug. 
Purpose:   Modify the exclusion criterion for renal impairment in Parts A and B 

Primary change: Section 5.2 – Patient Exclusion Criteria (Parts A and B), Exclusion Criterion #4. 

Formerly read: Patients with an Estimated Glomerular Filtration Rate (eGFR) < 30 mL/min/1.73 m2 (using the Modification of Diet in 
Renal Disease [MDRD] formula) confirmed by retest. 

Now reads: Patients with an Estimated Glomerular Filtration Rate (eGFR) < 60 mL/min/1.73 m2 (using the Modification of Diet in 
Renal Disease [MDRD] formula) confirmed by retest. 
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Other sections 
affected by this 
change 

• Synopsis 
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Amendment 3 Summary of Changes 

Protocol ALN-AS1-001 dated 05 June 2015 

A Phase 1, Single-ascending Dose, Multiple-ascending Dose, and Multi-dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 
 

Rationale for Amendment 3 
The purpose of this amendment to the protocol for Study ALN-AS1-001 is to modify an 
inclusion criterion and incorporate administrative changes to improve recruitment feasibility and 
enrollment. These changes are not being made in light of new nonclinical or clinical data and the 
risk-benefit of ALN-AS1 remains unchanged.  

The number of porphobilinogen (PBG) values was reduced from 2 to 1 to confirm eligibility for 
Parts A and B of the study. PBG values have been found to be stable at screening and a report in 
the literature also suggests that PBG values in ASHE are stable over many months to years 
(Marsden et al., J Clin Path 2013); thus, the second confirmatory sample is not necessary to 
ensure patients have levels of PBG as required for this study.  

An exploratory quality of life (QOL) objective was added to Part C of the study. The version of 
the EuroQoL questionnaire in 5 dimensions and 5-levels (EQ-5D-5L) is a widely-used measure 
of QOL which will allow for better characterization of recurrent attack patients before and after 
treatment with ALN-AS1.  

Administrative changes  have been implemented in most cases to ease the inconvenience on 
patients of trial participation and to facilitate the trial conduct at the study sites, and include the 
following:  

• A visit window at study Day 4 is added;  
• The Screening period is extended from 28 days to 60 days;   
• Addition of mailing urine PBG samples in case of retest is needed; 
• A time window for spot urine pharmacokinetic (PK) samples is added; 
• Increased the time window for Day 0 vital signs; 
• Inclusion of body weight from either Day 0 or Day -1 for calculation of study drug; 
• Addition of samples collection to enable testing for anti-drug antibodies; 
• Removal of urinary porphyrins from being measured due to sample volume constraints and 

other samples  taking priority; 
•  Specific cytokines measured in Part A are specified; 
• Clarification is added to the schedule of assessments in case a dosing frequency of every 2 

weeks is used in a Part B optional cohort.  

A detailed summary of changes is provided in Table 1. Corrections to typographical errors, 
punctuation, grammar, abbreviations, and formatting are not detailed. 
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Table 1: Protocol Amendment 3 Detailed Summary of Changes 

The primary section(s) of the protocol affected by the changes in amendment 2 are indicated.  The corresponding text has been revised throughout 
the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose:   Modify Part A/B Inclusion Criterion to reduce the number of  PBG measurements at a  level of >4 mmol/mol Cr required 
during screening from 2 measurements  to 1 measurement.   

Primary change: Inclusion Criterion #3 for Parts A and B 

Formerly read: Patients with a urine PBG level >4 mmol/mol Cr for at least 2 measurements during the Screening Period.  If urine levels 
obtained within 12 months of study drug administration are available, collection of 1 sample for urine PBG measurement 
is sufficient;  

Now reads: Patients with a urine PBG level >4 mmol/mol Cr for at least 2 measurements during the Screening Period.  If urine levels 
obtained within 12 months of study drug administration are available, collection of 1 sample for urine PBG measurement 
is sufficient; 

Other sections 
affected by this 
change 

• Section 5.1 – Patient Inclusion Criteria (Parts A and B) 

Purpose:   Rephrase an exclusion criterion for clarity.   

Primary change: Exclusion Criterion #3 for Parts A and B 

Formerly read: Patients with any of the following: alanine aminotransferase (ALT) and/or total bilirubin (TBIL) above the upper limit of 
normal (ULN) confirmed by retest; aspartate aminotransferase (AST), alkaline phosphatase (ALP), or gamma glutamyl 
transpeptidase (GGT) >2 × the ULN or above the ULN, confirmed by retest, and considered clinically relevant by the 
Investigator;  

Now reads: Patients with any of the following: alanine aminotransferase (ALT) and/or total bilirubin (TBIL) above the upper limit of 
normal (ULN) confirmed by retest; aspartate aminotransferase (AST), alkaline phosphatase (ALP), or gamma glutamyl 
transpeptidase (GGT) >2 × the ULN confirmed by retest, or above the if the AST, ALP, or GGT > ULN, but < 2x 
ULN,  confirmed by retest, and considered clinically relevant by the Investigator; 

Other sections 
affected by this 
change 

• Exclusion Criterion #1 for Parts C 
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Purpose:   Extend the screening period duration 

Primary change: Increase screening period from 28 to 60 days in Table 1 – Schedule of Assessments: Part A – Single Ascending Dose 

Formerly read: D -28 to -2 

Now reads Screening Period 
D -28 D-60 to -2 

Other sections 
affected by this 
change 

• Synopsis – Duration of treatment for Part A and Part B 
• Table 3 – Schedule of Assessments – Part B: Multiple Ascending Dose 
• Section 3.1.1 – Part A: Single Ascending Dose 
• Figure 4: Study Design for the Single-Ascending Dose 
• Section 3.1.2 – Part B: Multiple-Ascending Dose 
• Figure 5: Study Design for the Multiple-Ascending Dose 

Purpose:   Add a visit window to the Part A Day 4 visit 

Primary change: Table 1 – Schedule of Assessments – Part A: Single-ascending dose  

Formerly read: Day 4 Visit Column – D4 

Now reads: Day 4 Visit Column – D4 +2e 

Footnote ‘e’- Day 4 and Day 7 outpatient visits cannot be combined, separate visits on consecutive days are 
allowed. 

Other sections 
affected by this 
change 

• Table 2 – Pharmacokinetic Sampling Schedule – Part A: Single-ascending dose – Day 4 visit column 

Purpose:   Change the time window for vital sign measurements on Day 0 

Primary change: Table 1 – Schedule of Assessments – Part A: Single-ascending dose  

Formerly read: Footnote m - Vital signs include blood pressure, heart rate, body temperature, and respiratory rate.  Vital signs will be 
measured in the supine position after the patient has rested comfortably for at least 10 minutes.  On Day 0 only, vital signs 
will be measured within 30 minutes before dosing and 30 min (±5 min) and 4 hours (±15 min) postdose 

Now reads: Footnote m - Vital signs include blood pressure, heart rate, body temperature, and respiratory rate.  Vital signs will be 
measured in the supine position after the patient has rested comfortably for at least 10 minutes.  On Day 0 only, vital signs 
will be measured within 30 minutes predose on the day of dosing and 30 min (±5 min) and 4 hours (±15 min) postdose 
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Other sections 
affected by this 
change 

• Table 3 – Schedule of Assessments – Part B: Multiple Ascending Dose 
• Table 5 – Schedule of Assessments – Part C: Multi Dose 

Purpose Permit retesting of PBG values if necessary.  Modify footnote since inclusion criteria no longer requires two PBG 
measurements 

Primary change: Table 1– Schedule of Assessments – Part A: Single-ascending dose, footnote a 

Formerly read: • The Screening period consists of up to2 separate visits between Days -28 and -2, with a main “Screening visit” and a 
return visit (if applicable) to confirm levels of urine PBG. 

Now reads: • The Screening period consists of up to2 separate visits between Days -28 and -2, with a main “Screening visit” and a 
return visit (if applicable) to confirm levels of urine PBG. Screening assessments may be performed during 
multiple clinic visits during the Screening period.  PBG levels may be retested during the Screening period if 
deemed acceptable by the Investigator.  Patients may be provided with laboratory kits and instructions to 
collect urine samples to send in by mail to the study center instead of returning to the site for PBG retesting. 

Other sections 
affected by this 
change 

• Table 3 – Schedule of Assessments – Part B: Multiple Ascending Dose 

Purpose Permit collection of PBG results if obtained within 12 months of study drug administration 

Primary change: Table 1– Schedule of Assessments – Part A: Single-ascending dose, footnote f 

Formerly read: Interval medical history only; changes in medical history following dosing on Day 0 will be captured as TEAE(s) or 
concomitant medication(s), as appropriate 

Now reads: Interval In addition to a detailed medical history only; changes in medical history following dosing on Day 0 urine PBG 
data obtained within 12 months of study drug administration will be collected, if available.  Interval medical 
history will be collected before dosing on Day 0.  Changes in medical history following dosing on Day 0 will be 
captured as TEAE(s) or concomitant medication(s), as appropriate 

Other sections 
affected by this 
change 

• Table 3 – Schedule of Assessments – Part B: Multiple Ascending Dose 
• Table 5 – Schedule of Assessments – Part C: Multi-Dose 
• Section 10.1.1 – Demographic/Medical History 

Purpose:   Add a time window to spot urine PK sample collection 

Primary change: Tables 2,4, and 6 – Pharmacokinetic Sampling Schedule Footnote ‘d’ 

Formerly read: A spot urine PK sample will be collected at the same time as the first administered dose on Day 0. 
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Now reads: A spot urine PK sample will be collected at the same time (+/- 1 hour) as the first administered dose on Day 0. 

Other sections 
affected by this 
change 

• Table 4 – Pharmacokinetic Sampling Schedule – Part B: Multiple-ascending dose – Day 4 visit column 
• Table 6 – Pharmacokinetic Sampling Schedule – Part C: Multi-dose – Day 4 visit column 

Purpose:   Add anti-drug antibodies for exploratory analytes to be measured in order to demonstrate whether study drug causes 
production of  anti-drug antibodies; remove urinary porphyrins due to sample volume constraints and other samples 
taking priority 

Primary change: Section 2.1 Exploratory Objectives 

Formerly read: The exploratory objectives of the study are: 

• To assess additional analytes in AIP patients who are ASHE and in AIP patients who experience recurrent 
attacks.  The following analytes may be assayed:  

o Serum and/or urinary ALAS1 mRNA, using a cERD assay 

o Total urinary porphyrins 

o Other serum or plasma exploratory biomarkers related to the expression of hepatocyte-derived proteins 
and/or the induction of ALAS1 

Now reads: The exploratory objectives of the study are: 

• To assess additional analytes in AIP patients who are ASHE and in AIP patients who experience recurrent 
attacks.  The following analytes may be assayed:  

o Serum and/or urinary ALAS1 mRNA, using a cERD assay 

o Total urinary porphyrins Anti-drug antibodies 

o Other serum or plasma exploratory biomarkers related to the expression of hepatocyte-derived proteins 
and/or the induction of ALAS1 

Other sections 
affected by this 
change 

• Synopsis 
• Section 2.3 – Exploratory Objectives 
• Section 9.1.2.2 – Exploratory Biomarkers 
• Section 11.2.3.1 – Safety Parameters 
• Section 11.2.5 – Pharmacodynamic Analyses 
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Purpose:   Add the EQ-5D-5L as a quality of life assessment to Part C study assessments 

Primary change: Section 2.1 Exploratory Objectives 

Formerly read: • Part C only:  To assess the effect of ALN-AS1 on number of porphyria attacks, hematin use and pain 
medication use, and number, and duration of hospitalization(s) in AIP patients who experience recurrent 
attacks.   

Now reads: • Part C only:  To assess the effect of ALN-AS1 on number of porphyria attacks, hematin use and pain 
medication use, and number, duration of hospitalization(s), and quality of life in AIP patients who 
experience recurrent attacks.   

Other sections 
affected by this 
change 

• Synopsis 
• Part C - Schedule of Assessments (adding EQ-5D-5L) 
• Section 9.1.2.2 – Exploratory Biomarkers 
• Section 11.2.6 – Clinical Activity Analysis 
• Reference 60 added 

Purpose:   Specify the dosing regimen for an optional cohort evaluating a dosing frequency of every 2 weeks in Part B 

Primary change: Section 3.1.3 – Optional Cohorts for Part A and Part B 

Formerly read: Optional cohorts, if enrolled, may:  

• escalate to a higher dose or de-escalate to a lower and/or to an intermediate dose level(s) of ALN-AS1 
administered in Part A or Part B; 

• repeat a dose level if a safety signal in Part A or Part B (not meeting a stopping rule) indicates that further 
dose escalation may affect the safety of the study patients, or to further characterize PK or PD markers; 

• evaluate ALN-AS1 dosing in patients with higher urine PBG values (PBG ≥25 mmol/mol Cr), or examine an 
alternate dosing frequency (eg, every 2 weeks) or regimen (eg, higher initial dose followed by lower weekly 
maintenance dose).   
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Now reads: Optional cohorts, if enrolled, may:  

• escalate to a higher dose or de-escalate to a lower and/or to an intermediate dose level(s) of ALN-AS1 
administered in Part A or Part B; 

• repeat a dose level if a safety signal in Part A or Part B (not meeting a stopping rule) indicates that further 
dose escalation may affect the safety of the study patients, or to further characterize PK or PD markers; 

• evaluate ALN-AS1 dosing in patients with higher urine PBG values (PBG ≥25 mmol/mol Cr), or 
examine an alternate dosing frequency (eg, every 2 weeks study drug will not be administered on Day 
7 or Day 21) or regimen (eg, higher initial dose followed by lower weekly maintenance dose).   

Other sections 
affected by this 
change 

• Synopsis 
• Table 3 – Schedule of Assessments – Part B: Multiple Ascending Dose 
• Table 4 – Pharmacokinetic Sampling Schedule – Part B: Multiple Ascending Dose 
• Section 7.5 – Study Drug Administration 

Purpose:   Clarify randomization procedures 

Primary change: Section 6.4 – Randomization and Blinding 

Formerly read: The clinical study center pharmacist will receive a cohort-specific randomization list generated by the biostatistician at the 
CRO and will prepare and dispense the study drug according to that list. 

Now reads: The clinical study center pharmacist will contact the CRO who maintains the cohort-specific randomization list 
generated by the biostatistician at the CRO and will prepare and dispense the study drug according to that list. 

Purpose:   Allow Day -1 weight to be used for study drug dose calculation 

Other sections 
affected by this 
change 

• Schedule of Assessments – footnote l 

Primary change: Section 7.4 – Study Drug Preparation 

Formerly read: The predose study visit weight will be used for ALN-AS1 dose calculation. 

Now reads: The Day -1 or Day 0 (predose) study visit weight will be used for ALN-AS1 dose calculation. 
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Other sections 
affected by this 
change 

• Synopsis 
• Table 1 – Schedule of Assessments – Part A: Single-Ascending Dose 
• Table 3 – Schedule of Assessments – Part B: Multiple Ascending Dose 
• Table 5 – Schedule of Assessments – Part C: Multi Dose 

Purpose:   Specify cytokines to be measured in Part A. 

Primary change: Section 10.1.6 – Laboratory Assessments 

Formerly read: Cytokines (Part A only) 

Now reads: Cytokines (Panel includes IL-1RA, IL-6, G-CSF, INF-α, INF-γ, TNF-α, IL-1β, IP-10, and IL-12), [ Part A only] 
 

Purpose:   Clarify the statement about positive serology test results being exclusionary. 

Primary change: Section 10.1.6 – Laboratory Assessments 

Formerly read: Footnote b: Results of the assessments will not be entered into the study database.  If a patient is confirmed positive for 
any of these tests, the patient will be referred for further examination, counseling, or treatment and is not eligible for the 
study. 

Now reads: Footnote b: Results of the assessments will not be entered into the study database.  If a patient is confirmed positive for 
any of these tests (with the exception of being only positive for HbsAb), the patient will be referred for further 
examination, counseling, or treatment and is not may not be eligible for the study. 
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Amendment 4 Summary of Changes 

Protocol ALN-AS1-001, dated 24 June 2015 

A Phase 1, Single-ascending Dose, Multiple-ascending Dose, and Multi-dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

 

Rationale for Amendment 4 
The purpose of this amendment is to modify the exclusion criterion for estimated glomerular 
filtration rate (eGFR) for patients participating in Parts A and B of study ALN-AS1-001.   

The eligibility criterion for renal impairment of patients in Parts A and B was modified in 
Protocol Amendment 2 (dated 08 April 2015) in response to a Grounds for Non-acceptance from 
Medicines and Healthcare Products Regulatory Agency during review of the original clinical 
trial authorisation application.  Specifically, the eGFR exclusion criterion was increased from 
<30 to <60 ml/min/1.73 m2 in patients who are asymptomatic high excreters (ASHE).  In this 
amendment, this criterion will be reduced from <60 to <45 ml/min/1.73 m2 based on emerging 
safety and screening data from this study. 

Protocol Amendment 1 (dated 18 February 2015) was approved by the Medical Products Agency 
and the Ethics Committee in Sweden with an eGFR exclusion criterion of <30 ml/min/1.73 m2.  
Eight ASHE patients were treated under this version of the protocol, and there were no clinically 
significant changes in eGFR or creatinine with ALN-AS1 dosing.  These patients had a mean 
eGFR of 64 ml/min/m2 (range:  46-100 ml/min/m2).  The mean eGFR of 22 ASHE patients 
screened is 66 ml/min/m2 (range:  39-102 ml/min/m2); thus, reducing the eGFR requirements 
from 60 to 45 ml/min/m2 will ensure that a large percentage of ASHE patients are not excluded 
from the study, and that sufficient numbers of this rare patient population can be enrolled into the 
study.  The study monitoring procedures (eg, creatinine and eGFR are monitored at each study 
visit), will ensure safe dosing of ASHE patients in Parts A and B.  Further support for this 
reduction in the eGFR exclusion criterion comes from a Phase 2 clinical study with another 
GalNAc-conjugated siRNA, similar to ALN-AS1, in which patients were dosed with 10 doses 
over 7 weeks; no evidence of increased exposure (altered pharmacokinetics) or toxicity was 
found in patients with mild and moderate renal impairment (exclusion criterion for eGFR 
<30 ml/min/1.73 m2; range:  31 to 90 ml/min/1.73 m2) when data are compared to patients with 
normal renal function. 

A detailed summary of this change is provided in Table 1.
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Table 1: Protocol Amendment 4 Detailed Summary of Changes 

The primary section(s) of the protocol affected by the changes in this amendment are indicated.  The corresponding text was revised throughout 
the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose:   Reduce the minimum estimated glomerular filtration rate to determine study eligibility.   

Primary change: Section 5.2, Patient Exclusion Criteria (Parts A and B), exclusion criterion #4 

Formerly read: Patients with an Estimated Glomerular Filtration Rate (eGFR) <60 mL/min/1.73 m2 (using the Modification of Diet in 
Renal Disease [MDRD] formula) confirmed by retest;  

Now reads: Patients with an Estimated Glomerular Filtration Rate (eGFR) <45 mL/min/1.73 m2 (using the Modification of Diet in 
Renal Disease [MDRD] formula) confirmed by retest; 

Other section affected 
by this change: 

• SYNOPSIS 
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Amendment 5 Summary of Changes 

Protocol ALN-AS1-001, dated 13 July 2015 

A Phase 1, Single-ascending Dose, Multiple-ascending Dose, and Multi-dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

 

Rationale for Amendment 5 
Given that the secondary objective of study ALN-AS1-001 is to assess the pharmacodynamic 
effect of ALN-AS1 in acute intermittent porphyria patients, the purpose of this amendment is to 
extend pharmacodynamic (PD) monitoring in patients participating in Part A and Part B by 
measuring urinary delta-aminolevulinic acid (ALA) and porphobilinogen (PBG).  Based on an 
interim review of data from Part A, the single dose part of the study, it was noted that urine ALA 
and PBG levels were still decreased from baseline at the last study time point (Day 42).  
Therefore, ALA and PBG levels will be monitored in Part A and Part B of the study until such 
time as levels have returned to ≥80% of the baseline (Day 0 predose) value.  Urine samples may 
also be analyzed for exploratory 5-aminolevulinic acid synthase mRNA, which may also provide 
information about the PD effect of ALN-AS1 in this patient population. 

A detailed summary of this change is provided in Table 1.  Corrections to typographical errors, 
punctuation, grammar, abbreviations, and formatting are not detailed.
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Table 1: Protocol Amendment 5 Detailed Summary of Changes 

The primary section(s) of the protocol affected by the changes in this amendment is(are) indicated.  The corresponding text was revised throughout 
the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose:   Extend urine ALA and PBG monitoring for patients in Part A and Part B of the study 

Primary change: Section 3.1, Overall Study Design 

Added text: 3.1.1. Part A:  Single-ascending Dose Phase 

For patients in Part A, if urine ALA or PBG levels have not returned to ≥80% of baseline (Day 0 predose) at the 
Day 42/ET visit, urine levels will be monitored until ALA or PBG returns to ≥80% of baseline.  Urine samples 
may also be analyzed for exploratory ALAS1 mRNA. 

3.1.2. Part B:  Multiple-Ascending Dose Phase 

For patients in Part B, if urine ALA or PBG levels have not returned to ≥80% of baseline (Day 0 predose) at the 
Day 70/ET visit, urine levels will be monitored until ALA or PBG returns to ≥80% of baseline.  Urine samples 
may also be analyzed for exploratory ALAS1 mRNA. 

Other sections affected 
by this change: 

• SYNOPSIS 
• Table 1, Schedule of Assessments – Part A:  Single-ascending Dose Phase  
• Table 3, Schedule of Assessments – Part B:  Multiple-ascending Dose Phase 
• Figure 4, Study Design for the Single-Ascending Dose Phase 
• Figure 5, Study Design for the Multiple-Ascending Dose Phase 
• Section 10.4, Adverse Event Reporting 

Purpose:   Specify that the planned time on study could be extended to allow additional ALA or PBG monitoring in Part A and 
Part B of the study 

Primary change: Section 3.4, Duration of Treatment 

Added text: In Parts A and B, the planned time on study could be extended to allow additional monitoring until urine ALA 
or PBG levels return to ≥80% of baseline.  Depending on the follow-up time required to monitor recovery of 
ALA or PBG levels, the total time on study (including Screening) is estimated to be up to 10 or 12 months, 
respectively for Parts A and B. 

Other section affected 
by this change: 

• SYNOPSIS 
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Protocol Amendment 6 (United States) ALN-AS1-001 

Summary of Changes, dated 08 September 2015 

A Phase 1, Single-ascending Dose, Multiple-ascending Dose, and Multi-dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

 

Rationale for the Amendment 
The primary purpose of this amendment is to incorporate FDA recommendations pertaining to 
the IND for this study.  Dose-limiting toxicity (DLT) criteria were updated to include 
hematologic and non-hematologic toxicities that would be considered a DLT.  The attribution 
criteria for the purpose of determining a DLT and for stopping rules were also removed. 

Additionally, clarification was added that porphobilinogen (PBG) levels will be determined by 
spot urine assessments (rather than by 24 hour urine collection), and that hematin may be 
concomitantly administered for the management of acute porphyria attacks.   

A detailed summary of this change is provided in Table 1.  Corrections to typographical errors, 
punctuation, grammar, abbreviations, and formatting are not detailed.
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Table 1: Protocol Amendment Detailed Summary of Changes 

The primary section(s) of the protocol affected by the changes in this amendment is(are) indicated.  The corresponding text was revised throughout 
the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose:   Updated criteria to include hematologic and non-hematologic toxicities considered a DLT and remove attribution 
criteria for the purpose of determining a DLT and stopping rules 

Primary change: Section 4.4, Dose-Limiting Toxicities 

Formerly read: A DLT is met if any of the criteria listed below occur at any dose level in patients receiving ALN AS1 when they are 
considered to be at least possibly related to ALN-AS1: 

1. Alanine aminotransferase (ALT) >5×upper limit of normal (ULN) and >5×patient’s baseline at Day 0 (or 
Day -1); or 
2. Total bilirubin (TBIL) >2×ULN and >2.5×patient’s baseline at Day 0 (or Day -1); or 
3. ALP >3×ULN associated with either ALT elevation of >2×ULN and >2×patient’s baseline at Day 0 and/or 
TBIL > 1.5×ULN and >2×patient’s baseline at Day 0 (or Day -1); or 
4. Absolute corrected QT interval (QTc) >500 msec and/or QTc change of >60 msec from baseline at Day 0 (or 
Day -1); or 
5. Any other toxicity that, in the opinion of the SRC, would preclude further dosing. 

Standard toxicity grading according to the Common Terminology Criteria for Adverse Events (CTCAE; Version 4.0) 
will be used to grade AEs (see Section 10.4.2). 
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Now reads: A DLT is met if any of the criteria listed below occur at any dose level in patients receiving ALN-AS1: 
1. Alanine aminotransferase (ALT) >5× upper limit of normal (ULN) and >5×patient’s baseline at Day 0 (or 
Day -1); or 
2. Total bilirubin (TBIL) >2×ULN and >2.5×patient’s baseline at Day 0 (or Day -1); or 
3. ALP >3×ULN associated with either ALT elevation of >2×ULN and >2×patient’s baseline at Day 0 and/or TBIL 
>1.5×ULN and >2×patient’s baseline at Day 0 (or Day  1); or 
4. Absolute corrected QT interval (QTc) >500 msec and/or QTc change of >60 msec from baseline at Day 0 (or 
Day -1); or 
5. Any other hematologic or non-hematologic AE ≥Grade 3 according to Common Terminology Criteria for 
Adverse Events (CTCAE; Version 4.0) with the following exceptions: 

a. Liver function abnormalities (criteria detailed above) 
b. QT prolongation  (criteria detailed above) 

6. In Part C only, AEs that are considered to be consistent with the patient’s underlying porphyria disease 
manifestations and course prior to study entry and/or during the run-in period, as determined by the 
Investigator. 

Standard toxicity grading according to CTCAE will be used to grade AEs (see Section 10.4.2). 

Other section(s) 
affected by this change: 

• Section 3.5.3, Timing and Purpose of Review Meetings 
• Section 4.1, Study Drug Dosing and Progression/Escalation in Part A (SAD), Table 8:  Timing of the SRC Data 

Reviews and Dose Escalation Requirements 
• Section 4.5, Study Progression and Dose Escalation Suspension/Stopping Rules 

Purpose:   Clarify that in the event of a life-threatening or fatal AE, the SRC will urgently convene to assess the event and 
determine if it is possibly related to study drug 

Primary change: Section 4.6, Study Suspension/Stopping Rules 

Formerly read: In the event of a life-threatening or fatal AE that is determined to be possibly related to study drug, the study will be 
suspended.  Continuation of the study would require approval by the regulatory authorities. 

Now reads: In the event of a life-threatening or fatal AE, the SRC will urgently convene to assess the event and determine if it is 
possibly related to study drug.  If so, the study will be suspended.  Continuation of the study would require approval by 
the regulatory authorities. 

Purpose:   Clarify that hematin may be concomitantly administered for the management of acute porphyria attacks 

Primary change: Section 6.2, Concomitant Medications 

Added text: Medication and treatment changes, if deemed clinically necessary, are permitted during the study.  Patients may 
receive hematin for the management of acute porphyria attacks. 
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Purpose:   Clarify that PBG levels will be determined by spot urine assessments 

Primary change: Section 9.1.2.1, Pharmacodynamic Biomarkers 

Added text: Urine creatinine will also be analyzed as part of the ALA and PBG measurements.  PBG levels will be determined by 
spot urine assessments and will be normalized to spot urinary creatinine. 
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Amendment 7 Summary of Changes 

Protocol ALN-AS1-001, dated 16 October 2015 

A Phase 1, Single-ascending Dose, Multiple-ascending Dose, and Multi-dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

 

Rationale for the Amendment 
Interim safety and pharmacodynamic (PD) data from Part A (Single-ascending Dose) and Part B 
(Multiple-ascending Dose) show that ALN-AS1 is generally well-tolerated with a significant 
reduction of up to 82% in aminolevulinic acid (ALA) and 93% in porphobilinogen (PBG) and a 
PD lasting beyond 90 days (n=6) after a single dose.  The changes in this amendment include 
making the Multi-dose Phase of the study (Part C) in patients with acute intermittent porphyria 
(AIP) who experience recurrent attacks a more robust evaluation of safety and exploratory 
clinical activity with the addition of a placebo group and a double-blind, randomized design.  
The patient and investigator will remain blinded to treatment assignment until all patients in a 
cohort complete the Day 168 study visit.  This amendment also ensures that patients enrolled 
have a history of attacks, allows some flexibility in dosing frequency to identify the optimal 
dosing regimen, and ensures adequate follow-up of patients by assessing recovery of ALA or 
PBG to ≥80% of Day 0 predose levels. 

Eligibility criteria were updated for patients who have recurrent porphyria attacks before 
enrollment into Part C of the study.  As included in the risk-benefit section, porphyria attacks, 
including those severe enough to require treatment and/or hospitalization as part of standard of 
care, are clinical events that are part of the normal course of the disease for these patients and, 
therefore, may occur during participation in this study.  Patients on a scheduled regimen of 
hematin to prevent porphyria attacks at the time of screening are no longer required to have 
experienced at least 1 porphyria attack during the 6-month period prior to the run-in period.  This 
change was made to improve the likelihood of successfully enrolling the required number of 
patients in Part C given that recurrent attack patients comprise only a small percentage of the 
patients with symptomatic AIP.  These patients may continue to receive hematin treatment for 
acute porphyria attacks as part of their standard of care.  Additionally, contraception 
requirements for patients in Part C were extended from 42 to 90 days after administration of the 
last dose of study drug to align with the collection of safety assessments.  

The criteria for the Run-in period and randomization were updated.  In order to be randomized, 
patients must have experienced at least 1 porphyria attack during the Run-in period (a porphyria 
attack is defined as intense abdominal or back pain requiring hospitalization, hematin use, or 
treatment consisting of increased carbohydrate intake and/or administration of pain medication).  
This requirement will ensure that the characteristics of a patient’s attack while not on study drug 
are captured in sufficient detail before the patient is administered either ALN-AS1 or placebo.  If 
patients do not visit the study center during the attack that occurs during the run-in period, 
patients should complete an attack symptom inventory form by phone contact and send at least 
1 urine sample taken during the attack by mail to the study center.  Patients may re-enroll in the 
Run-in period if no attacks were experienced during this period and provided they continue to 
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meet eligibility criteria for the study.  In addition to the quality of life assessments during the 
predefined time points, an EQ-5D-5L questionnaire should be completed once at any time during 
hospitalization for a porphyria attack during the Run-in period and once at any time during 
hospitalization for a porphyria attack after administration of study drug, if the patient is 
hospitalized. 

A total of 12 patients will be enrolled and randomized, (3:1; active:placebo), in the treatment 
phase of Part C.  To enroll this number of patients in the treatment period, the number of patients 
enrolled in the Run-in period of Part C was increased to a maximum of 24 (from a maximum of 
8) to account for the addition of placebo patients and for an estimated 50% dropout rate between 
the Run-in and Treatment periods.  Due to the increased number of patients needed in Part C, the 
number of study centers was increased from 6 to up to 8.  Since the Principal Investigator will be 
blinded to treatment assignment, an expert in the diagnosis and management of porphyria will 
participate as an unblinded member of the Safety Review Committee (SRC).  The study dose and 
dose schedule for Part C will be based on SRC review of emerging safety data from Part A and 
Part B.  For Part C, study drug will not be administered more often than weekly, but may also be 
administered less frequently (eg, monthly or quarterly).  

Patients in Part C who experience recurrent attacks likely have higher levels of 5 aminolevulinic 
acid synthase (ALAS1) upregulation and higher levels of ALA and PBG, when compared to 
ASHE patients enrolled in Parts A and B.1  Therefore, patients in Part C may require a higher 
dose level of ALN AS1 to normalize heme pathway components.2  The amendment allows for a 
dose level higher than was evaluated in Part B to be studied in Part C provided the dose is no 
more than a 2-fold increase from a dose previously determined to be safe and well tolerated in 
Part B.  Based on nonclinical studies, the planned dosing regimen for Part C of this study was for 
weekly dosing; thus, given the dosing frequency, the protocol required that all doses evaluated in 
Part B would have been previously assessed and found to be safe and well-tolerated in Part A.  
Emerging data from monthly dosing in Part B of this study suggest that quarterly dosing will 
likely be recommended for patients in Part C.  Safety data from a minimum of 28 days after the 
first dose and 7 days after the second dose in Part B will be reviewed by the SRC before 
selecting a dose to be administered in Part C.  Given the long interval between dosing in Part C, 
there will also be a significant amount of time (minimum of 28 days) to assess safety before 
administering subsequent doses. 

The period for post-treatment follow-up for safety, tolerability, PK, PD, and clinical activity 
assessments was increased to continue through approximately 12 weeks following the last dose 
in order to allow for monitoring of recovery of urine ALA and PBG levels to return to ≥80% of 
Day 0 predose levels after multiple dosing in this population.  These changes extended the 
overall length of the study. 

Parts A, B, and C 
Requirements were updated for women of child-bearing potential as hormonal contraception is 
often not tolerated in women with porphyria; a double-barrier method is also considered an 
acceptable method of contraception for patients who are unable to tolerate hormonal 
contraception.  Further, although the Investigator will continue to report patient pregnancies to 
the Sponsor within 24 hours of notification, partner pregnancies will no longer require reporting 
to the Sponsor.  Given that male contraception is not required for this protocol, reporting of their 
partner pregnancies is not being collected. 
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Other administrative changes to the protocol include the alignment of the objectives in the 
synopsis with those in the body of the protocol body.  In particular, the criteria for exploratory 
clinical activity evaluation were better aligned with the planned statistical analysis plan (eg, in 
addition to the number of porphyria attacks, the frequency and duration will also be analyzed).  
The reference level for ALA/PBG monitoring with the Statistical Analysis Plan to be the Day 0 
predose levels was also aligned.  Finally, complete physical examinations will not include a 
genito-urinary evaluation as these exams are typically not performed by clinicians treating 
porphyria patients. 

A detailed summary of these changes are provided in Table 1.  Corrections to minor 
administrative clarifications, typographical errors, punctuation, grammar, abbreviations, and 
formatting are not detailed. 
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Table 1: Protocol Amendment Detailed Summary of Changes 

The primary section(s) of the protocol amendment affected by the changes in this amendment is(are) indicated.  The corresponding text was 
revised throughout the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose:   Specify that the reference level for ALA/PBG Monitoring Period is Day 0 (predose) in Part A, B, and C 
Primary change: Section 3.1, Overall Study Design 
Now reads: • …if urine ALA or PBG levels have not returned to ≥80% of baseline (Day 0 predose) levels at the 

Day 42/70/168/ET visit, urine levels will be monitored until ALA or PBG returns to ≥80% of baseline Day 0 
predose levels. 

Other section(s) 
affected by this change: 

• Global change throughout the protocol  

Purpose:   Added QOL assessment for EQ-5D-5L during the Run-in Period of Part C 
Primary change: Table 5:  Schedule of Assessments – Part C (Multi-dose Phase) Weekly Dosing 
Added: r. In addition to the QOL assessments during the predefined time points, an EQ-5D-5L questionnaire should be 

completed once at any time during hospitalization for a porphyria attack during the Run-in period and once at 
any time during hospitalization for a porphyria attack after administration of study drug. 

Other section(s) 
affected by this change: 

• Protocol Synopsis 
• Section 11.2.6, Exploratory Clinical Activity Analyses 
• Table 11, Schedule of Assessments – Part C (Multi-dose Phase) Alternative Dosing Regimens 

Purpose:   State the highest dose in all parts of the study will not exceed 8.5 mg/kg and the dose for Part C will be no higher than 
2-fold the highest dose administered in Part B 

Primary change: Section 1.5,  Dose Selection and Rationale 
Now reads: The highest dose in all parts of the study will not exceed 8.5 mg/kg (a similar dose that resulted in up to 70% 

ALAS1 lowering in nonclinical studies following a single dose as well as completely inhibiting ALA and PBG 
production in acute attack models).  Toxicology studies demonstrated that up to 80% lowering of ALAS1 by ALN-AS1 
(maximal lowering achieved even with repeat doses of up to 300 mg/kg), was well-tolerated across multiple species.  
Importantly, the single dose NOAEL (100 mg/kg) in rat (the most sensitive species) provides a 12-fold safety margin 
for an 8.5 mg/kg dose.  The dose(s) selected for Part C will be no higher than 2-fold the highest dose determined to 
be safe and well-tolerated in Parts A or B. 

Other section(s) 
affected by this change: 

• Study Synopsis 
• Section 3.1, Overall Study Design 
• Section 3.1.3 Optional Cohorts for Part A and Part B 
• Section 4.5, 4.5. Study Progression and Dose Escalation Suspension/Stopping Rules 
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Purpose:   Specify that acute porphyria attacks are expected in this patient population 
Primary change: Section 1.6, Risk-Benefit Assessment 
Added: AIP patients with recurrent attacks of porphyria are enrolled in Part C of this clinical study.  Acute porphyria 

attacks, including those severe enough to require treatment and/or hospitalization, are clinical events that are 
part of the normal course of the disease for these patients and are, therefore, expected to arise during 
participation in this study. 

Other section(s) 
affected by this change: 

• Section 6.2, Concomitant Medications 

Purpose:   Simplify the exploratory objectives and align with the statistical analysis plan 
Primary change: Section 2.3, Exploratory Objectives 
Now reads: • To assess additional analytes in AIP patients who are ASHE and in AIP patients who experience recurrent 

attacks.  The following analytes may be assayed:  

o Serum and/or urinary ALAS1 mRNA, using a cERD assay 

o Anti-drug antibodies 

o Other serum or plasma exploratory biomarkers related to the expression of hepatocyte-derived proteins 
and/or the induction of ALAS1 

• Part C only:  To assess the effect of ALN-AS1 on number of porphyria attacks, hematin and pain medication 
use, number and duration of hospitalizations, and quality of life clinical activity of ALN-AS1 in AIP patients 
who experience recurrent attacks 

Other section(s) 
affected by this change: 

• Protocol Synopsis 
• Section 11.2.6, Exploratory Clinical Activity Analyses 
• Section 11, Statistics 

Purpose:   The number of study centers was increased 
Primary change: Section 3.1, Overall Study Design 
Now reads: This study is a multi-center study to be conducted in up to 6 8 study centers in the European Union (EU) and United 

States of America (US). 
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Purpose:   Add that patients must have had at least 1 porphyria attack during the Run-in period before randomization, for Part C  
Primary change: Section 3.1.4, Part C:  Multi-dose Phase 
Added: The study design for the MD phase of the study is presented in Figure 6.  Patients will be screened to confirm 

eligibility before at the start of a Run-in period, during which patients will report to the study center to capture 
information about porphyria medical history, symptoms, and attacks; certain study visits may be replaced by at-home 
assessments by visiting nurses or by phone calls, at the Investigator’s discretion.  No investigational product will be 
administered during the Run-in period.  The Run-in period may last from 4 to 24 weeks (168 days) to allow time for 
selection of the appropriate dosing regimen(s) for the Treatment period.  In order to be randomized, patients must 
have experienced at least 1 porphyria attack during the Run-in period (a porphyria attack is defined as intense 
abdominal or back pain requiring hospitalization, hematin use, or treatment consisting of increased 
carbohydrate intake and/or administration of pain medication).  If patients do not report to the study center 
during the attack, they should notify the study site and complete an attack symptom inventory form by phone 
contact and send at least 1 urine sample by mail to the study center.  If patients visited a health care facility 
during the attack, a copy of the records will be requested.  Patients may re-enroll in the Run-in period if no 
attacks were experienced during this period and provided they continue to meet eligibility criteria for the study. 

Other section(s) 
affected by this change: 

• Study Synopsis 
• Table 5:  Schedule of Assessments – Part C (Multi-dose Phase) Weekly Dosing 
• Section 5.3, Patient Inclusion Criteria (Part C), Inclusion Criterion 3 
• Section 5.6.1, Reasons for Withdrawal 
• Section 5.6.3, Replacements 
• Section 9.2.4, Attack Symptom Inventory Form 
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Purpose:   Incorporate a randomized, double-blind, and placebo-controlled study design into Part C 
Primary change: Section 3.1.4, Part C:  Multi-dose Phase 
Now reads: Part C (MD phase) is an open-label phase designed to assess multiple doses of ALN-AS1 in AIP patients who 

experience recurrent acute attacks of porphyria.  Up to 4 patients will be dosed initially, with an option to dose up to 4 
additional patients using the same or a different dose level/dosing regimen.   
---------------- 
During the Treatment period of the trial, patients will receive an open-label SC dose of ALN-AS1 once weekly for 12 
weeks for a total of 13 dosesPart C will be conducted in a double-blind manner, where the patient and 
Investigator are both blinded (the Sponsor and CRO are not blinded).  Up to 12 patients will be randomized in 3 
cohorts of 4 patients each.  Up to 1 cohort will be dosed initially, with an option to dose up to 2 additional cohorts 
using the same or a different dose level/dosing regimen (see Section 4.2 for study drug dosing and progression).  
Eligible patients will be admitted to the study center on Day 0 to determine continued study eligibility and for 
predose assessments.  Patients in each cohort will then be randomized 3:1 to receive SC doses of ALN-AS1 or 
placebo and will remain at the study center until they complete the 24-hour postdose assessments.  Patients will 
receive SC doses of ALN-AS1 over a period of 12 weeks, starting on Day 0.  Patients will return to the clinical site 
on an outpatient basis to receive additional doses.  Patients will also be admitted to the study center for predose 
assessments in the morning of Days 0 andon Day 84 and will remain at the study center until they complete the 24-hour 
postdose assessments on those days.  Patients will return to the clinical site on an outpatient basis weekly for 11 
weeks to receive additional doses.  Patients will be followed for safety, tolerability, PK, PD, and clinical activity 
assessments through approximately 42 days12 weeks following the last dose (Day 126)of study drug (see the 
Schedules of Assessment in Table 5, Table 6, Table 11, and Table 12). 

Other section(s) 
affected by this change: 

• Protocol Synopsis 
• Table 5:  Schedule of Assessments – Part C (Multi-dose Phase) Weekly Dosing 
• Section 3.1, Overall Study Design 
• Section 3.1.4, Part C: Multi-dose Phase 
• Figure 6, Study Design for the Multi-dose Phase 
• Section 3.3, Treatment Assignment 
• Figure 7, Study Schema Based on a Weekly Dosing Regimen 
• Section 6.4, Randomization and Blinding 
• Section 6.4.1, Breaking the Blind 
• Section 11, Statistics 
• Table 11:  Schedule of Assessments – Part C (Multi-dose Phase) Every Other Week and Monthly Dosing 

Purpose:   Added an ALA/PBG monitoring period for patients in Part C 
Primary change: Section 3.1.4, Part C:  Multi-dose Phase 
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Added text: If urine ALA or PBG levels have not returned to ≥80% of Day 0 predose levels at the Day 168/ET visit, urine 
levels will be monitored (Q4W±7D) until ALA or PBG returns to ≥80% of Day 0 predose levels.  Urine samples 
may also be analyzed for exploratory ALAS1 mRNA. 

Other section(s) 
affected by this change: 

• Protocol Synopsis 
• Table 5:  Schedule of Assessments – Part C (Multi-dose Phase) Weekly Dosing 
• Section 3.4, Duration of Treatment 
• Section 10.4, Adverse Event Reporting 
• Table 11:  Schedule of Assessments – Part C (Multi-dose Phase) Every Other Week and Monthly Dosing 

Purpose: Include a phone contact for patients not reporting to the study center during the attack 
Primary change: Section 3.1.4, Part C:  Multi-dose Phase 
Now reads: Patients in Part C will report to the study center for clinical care if they experience ana porphyria attack from the first 

day of the Run-in period through the EOS visit.  Patients will also be provided with laboratory kits and instructions to 
collect urine samples, and send them by mail to the study center as well as questionnaires to send in by mail 
tocomplete over the phone with the study centerstaff if they are unable to come to the study center during ana 
porphyria attack.  If a patient is scheduled to receive a dose of ALN-AS1 at a time when they are experiencing attack 
signs and symptoms, it is up to the clinical judgment of the PI whether or not to proceed with dosing. 

Purpose:   Increase number of patients to incorporate a double-blind, placebo-controlled study design in Part C 
Primary change: Section 3.2, Number of Patients 
Now reads: Up to 4064 AIP patients will be enrolled in this study:  up to 16 patients will be enrolled in Part A (SAD phase); up to 8 

patients will be enrolled in Part B (MAD phase); and up to 16 patients may be enrolled in optional cohorts in Part A or 
Part B.  Up to 8 patients will  To account for dropouts, in order for 12 patients to complete the treatment period, it 
is anticipated that up to 24 patients may be enrolled in Part C (MD phase). 

Other section(s) 
affected by this change: 

• Protocol Synopsis 
• Section 11.1, Sample Size 
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Purpose:   Increased the post-treatment follow-up through 12 weeks after the last dose   
Primary change: Section 3.4, Duration of Treatment and Study 
Now reads: Part C:  The planned time on the study is at least 154 days (22 weeks) from initiation of the Run-in period to study 

completion (28 days [4In period through the post-treatment Return Visits is up to 336 days (48 weeks; 4-24 
weeks] for the Run-in, 84 days [In period, 12 weeks] of dosing, and 42 days of additional study assessments); ie, 
approximately 6 months.  The time on study may be longer (up to 294 days [42 weeks; 10 months]) if the Run-in period 
lasts longer (up to 24 weeks allowed)12 weeks of post-treatment, Return Visits).  In Part C, the planned time on 
study could be extended to allow additional monitoring until urine ALA or PBG levels return to ≥80% of Day 0 
predose levels for all patients in the cohort.  Depending on the follow-up time required to monitor recovery of 
ALA or PBG levels, the total time on study (including the Run-In Period) is estimated to be up to 14 months. 

Other section(s) 
affected by this change: 

• Protocol Synopsis 
• Table 5:  Schedule of Assessments – Part C (Multi-dose Phase) Weekly Dosing 
• Figure 6:  Study Design for the Multi-dose Phase 
• Table 11:  Schedule of Assessments – Part C (Multi-dose Phase) Alternative Dosing Regimens 

Purpose:   Specify that an expert in porphyria will replace the principal investigator as an unblinded member of the SRC in Part C 
Primary change: Section 3.5.2, Membership 
Added text: • Principal Investigator(s), or designee, at each study center with a patient currently enrolled in the study (either 

having been dosed, or about to be dosed).  In Part C, an expert physician in the diagnosis and management 
of porphyria who is not a study investigator will participate as an unblinded member of the SRC as 
Principal Investigators are blinded to study treatment. 

Alnylam Pharmaceuticals Confidential 9 



ALN-AS1                                                                    Protocol Amendment 7 Summary of Changes ALN-AS1-001 
             16 October 2015 

Purpose:   Incorporate the alternative study drug dosing regimens for Part B 
Primary change: Section 4.2, Study Drug Dosing and Progression/Escalation in Part B (MAD) 
Now reads: Doses listed below represent the planned doses for each Part B cohort.  Actual doses and dosing regimens will be 

determined by the SRC based on safety and PD data reviewedobtained from prior dose cohorts in Part A and B.  
Study drug will not be administered more often than weekly, but may also be administered less frequently (eg, 
every 2 weeks, quarterly, or monthly).  Patients randomized to receive ALN-AS1 will be administered ALN-AS1 SC 
weekly for a total of 5 doses at the following planned cohort dose levels: 

1.0 mg/kg 

2.5 mg/kg 

Doses in Part B will be no higher than a dose previously determined to be safe and well-tolerated in Part A.  The SRC 
will review collective safety and available PD data from all 4 patients dosed in a given cohort through at least the Day 
35 assessments (7 days after last dose) before dose escalation to the next cohort.  Based on nonclinical data, it is 
expected that maximal drug concentrations in plasma and any correlative potential drug-related effects would have been 
observed before 4 days after dosing, but patient data for 7 days after last dose will be collected for the SRC to coincide 
with the weekly visit schedule.   

Dose escalation and study progression between Part A and Part B may occur while follow-up of previous Part A cohorts 
is still ongoing.  Both cohorts in Part B may be dosed at the same time provided the doses being administered 
were found to be safe and well-tolerated when administered as single doses in Part A.  The highest dose in Part B 
of the study will not exceed 8.5 mg/kg.  

Other section(s) 
affected by this change: 

• Protocol Synopsis 
• Table 3:  Schedule of Assessments – Part B (Multiple-ascending Dose Phase) Weekly, Every Other Week, and 

Monthly Dosing 
• Table 4:  Pharmacokinetic Sampling Schedule – Part B (Multiple-ascending Dose Phase) Weekly, Every Other 

Week, and Monthly Dosing 
• Section 3.1.2, Part B:  Multiple-ascending Dose Phase 
• Section 3.5.3, Timing and Purpose of Review Meetings 
• Table 8:  Timing of the SRC Data Reviews and Dose Escalation Requirements 
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Purpose:   Incorporate the alternative study drug dosing regimens for Part C 
Primary change: Section 4.3, Study Drug Dosing in Part C (MD) 
Now reads: The SRC will review a minimum of 7-day post last dose safety data and available PD data, from all patients in the first 

2 Part B cohorts in Part B, before initiation of dosing in Part C.  The dose(s) selected for Part C will be no higher than a 
dose determined to be safe and well-tolerated in Part A or B.  The dose(s) selected for Part C will be no higher 
than 2-fold the highest dose determined to be safe and well tolerated in Parts A andor B. 

Patients eligible to receive ALN-AS1 will be administered SC ALN-AS1 SC weekly for a total of 13 doses.  Up to 23 
dose levels/dosing regimens will be selected for Part C based on the safety and any available PD data obtained from 
Part A and Part B or evolving data from Part C.  The interval between dosesStudy drug will not 
be shorteradministered more often than 1 week, however it may be increasedweekly, but may also be administered 
less frequently (eg, every other week, monthly, every 2 months, and quarterly). 

Other section(s) 
affected by this change: 

• Protocol Synopsis 
• Section 3.5.3, Timing and Purpose of Review Meetings 
• Section 8, Pharmacokinetic Assessments 
• Figure 6:  Study Design for the Multi-dose Phase 
• Table 11:  Schedule of Assessments – Part C (Multi-dose Phase) Every Other Week and Monthly Dosing 
• Table 12:  Pharmacokinetic Sampling Schedule – Part C (Multi-dose Phase) Every Other Week and Monthly 

Dosing 
Purpose:   Update the inclusion criterion in Part C for patients who have recurrent porphyria attacks 
Primary change: Section 5.3, Patient Inclusion Criteria (Part C) 
Now reads: 3. Patients who have recurrent porphyria attacks defined as 1 of the following: 

• Patient Not on a scheduled regimen of hematin to prevent porphyria attacks at the start of the Run-in 
period who have experienced a porphyria attack (defined as intense abdominal or back pain requiring 
hospitalization, hematin use, treatment consisting of increased carbohydrate intake and/or pain medication use) 
at least 2 times during the 6 months before initiation of the Run-in period; 

• Patient is on On a scheduled regimen of hematin to prevent porphyria attacks at the start of the Run-in 
period and has experienced at least 1 porphyria attack (requiring unscheduled hematin or opiate use) during the 
6 months before initiation of the Run-in period and is willing to stop scheduled hematin use during the Run-in 
and Treatment periods; 

Other section(s) 
affected by this change: 

• Protocol Synopsis 
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Purpose:   Update contraception requirements for women of child-bearing potential who are unable to use hormonal 
contraception and increase the time of contraceptive use in Part C to 90 days for alignment with updated safety follow-
up period 

Primary change: Section 5.5, Pregnancy and Breastfeeding Restrictions/Contraception Requirements  
Now reads: Women of child-bearing potentialWOCBP must have a negative pregnancy test, cannot be breastfeeding, and must 

be using a highly effectivewilling to use an acceptable method of contraception 14 days before dosing, throughout 
study participation, and for Parts A and B, 42 days after administration of the last dose of study drug.  Highly 
effective methods of birth control result in a low failure rate (ie, less than 1% per year).  Birth control methods which 
may be considered as highly effective (90 days for Part C).  Acceptable methods of contraception for this study 
include: 

• Established use of oral, implantable, injectable, or transdermal hormonal methods of conception.  However, in 
this study, WOCBP who use hormonal contraceptives as a method of contraception must also use a barrier 
method (condom or occlusive cap [diaphragm or cervical/vault cap] in conjunction with spermicide [foam, gel, 
film, cream or suppository]);, or suppository]).  WOCBP for who hormonal contraception is medically 
contraindicated due to their underlying disease, a double-barrier method (combination of male condom 
with either cap, diaphragm, or sponge, in conjunction with spermicide) is also considered an acceptable 
method of contraception. 

• Placement of an intrauterine device  

• Placement of an intrauterine system  

• Bilateral tubal occlusion 

• Surgical sterilization of male partner (with the appropriate post-vasectomy documentation of the absence of 
sperm in the ejaculate; for female patients on the study, the vasectomized male partner should be the sole 
partner for that patient); 

• True sexual abstinence, when in line with the preferred and usual lifestyle of the patient.  Periodic abstinence 
(eg, calendar, ovulation, symptothermal, post-ovulation methods) and withdrawal are not acceptable methods of 
contraception. 

Other section(s) 
affected by this change: 

• Protocol Synopsis 
• Section 1.6, Risk-Benefit Assessment 
• Section 5.1, Patient Inclusion Criteria (Parts A and B) 
• Section 5.3, Patient Inclusion Criteria (Part C) 
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Purpose:   Removed genito-urinary evaluations from complete physical examinations 
Primary change: Section 10.1.4, Physical Examination 
Deleted text: Complete physical examinations will include:  general appearance; head, ears, eyes, nose, and throat; cardiovascular; 

dermatologic; gastrointestinal; genito-urinary; lymph nodes; hepatic; musculoskeletal; respiratory; and a complete 
neurological examination. 

Purpose:   Removed the requirement for reporting of partner pregnancy 
Primary change: Section 10.6, Pregnancy Reporting 
Now reads: A patient who becomes pregnant during this study will be instructed to stop all study drug administration.  

The PrinciplePrincipal Investigator, or Sub-investigator, must report a patient or partner pregnancypregnancies to the 
Sponsor, or its agency, within 24 hours of being notified of the pregnancy.  Details of the pregnancy will be reported on 
a pregnancy report form.  The patient/partner shall receive any necessary counseling regarding the risks of continuing 
the pregnancy and the possible effects on the fetus.  Monitoring of the patient/partner will continue until the conclusion 
of the pregnancy, and the outcome of the pregnancy will be reported to the Sponsor. 
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ALN-AS1-001 Protocol Amendment 8  

A Phase 1, Single-Ascending Dose, Multiple-Ascending Dose, and Multi-Dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

 

Rationale for Protocol Amendment 
The primary purpose of this amendment is to update Part C of this study in patients with acute 
intermittent porphyria (AIP) who experience recurrent attacks.  To enable further exploration of 
dose levels and dosing regimens evaluated in this patient population for selection of an optimal 
dose and regimen for the future pivotal study, the number of optional cohorts will be increased 
from 2 to 5.  This change will result in an increase from 24 to 32 in patient enrollment and an 
increase from 12 to 20 in randomized patients.  Further, fixed doses may be explored in the 
additional optional cohorts of Part C.  Clinical experience to date in Parts A and B of this study 
suggest that dosing with ALN-AS1 in a broad range of body weights is generally well-tolerated 
and resulted in comparable lowering of 5-aminolevulinic acid synthase 1 levels approaching 
levels observed in human serum and urine samples from normal healthy donors. 

Review of ALA and PBG data in AIP patients with recurrent attacks show wide fluctuations in 
levels due to disease activity and heme treatment. Because of this, the safety follow-up period 
specified for recovery of ALA and PBG levels to ≥80% of Baseline could lead to artifactually 
short or long follow-up periods in recurrent attack patients. Instead, Part C patients not enrolling 
in the open label extension study will be followed for a fixed time period of 6 months after last 
dose.  Preliminary Part C data and pharmacokinetic/pharmacodynamic analyses suggest that in 
recurrent attack patients PBG will recover faster than in asymptomatic high excreter (ASHE) 
patients, with substantial recovery established by 6 months after the last dose.  

Additionally, during the Return Visits (outpatient) period, 1 month following the last dose of 
ALN-AS1, patients will have the option, at Investigator discretion, to receive hematin 
prophylaxis.  This will enable patients with clinically significant disease activity who may have 
received suboptimal doses of ALN-AS1 or placebo in Part C to potentially stabilize disease. 

A detailed summary of the changes is provided in Table 1.  Corrections to typographical errors, 
punctuation, grammar, abbreviations, and formatting (including administrative changes between 
protocol amendments 7 and 8) are not detailed.  
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Table 1: Protocol Amendment 8 Detailed Summary of Changes 
The primary section(s) of the protocol affected by the changes in Protocol Amendment 8 are indicated.  The corresponding text has 
been revised throughout the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose: Added text to permit fixed dosing regimens in Part C and define how dose escalation is handled via SRC. 

The primary change occurs in Section 1.5 

Added text: The initial dose(s) selected for Part C will be either a weight-based or fixed dosing regimen that is no higher than 2-
fold the highesta dose determined to be safe and well-tolerated in Part A or B.  The SRC will review collective safety 
and PD data prior to any potential dose escalation. Any dose increases will not exceed 2-fold the previous safe and 
well-tolerated dose and will require SRC approval.  Cohorts may be dosed simultaneously provided that they are 
both at dose levels that have been approved by the SRC (see Section 4.3Part B.) 

Section(s) also containing this change or similar text:   
• Synopsis 
• Section 1.5 
• Section 3.1.4 
• Section 4.3 

Purpose: Added text to increase in Part C the number of patients and optional cohorts, and permit fixed dosing regimens in new optional cohorts. 

The primary change occurs in Section 3.1.4 

Added text: Up to 1224 patients will be randomized in 36 cohorts of 4 patients each.  Up to 1 cohort will be dosed initially, with an 
option to dose up to 25 additional cohorts using the same or a different dose level/dosing regimen (see Section 4.2 for 
study drug dosing and progression).  Patients in optional cohorts may receive a weight-based or fixed dosing regimen 
with maximum dose level to be determined by SRC based on the previous safe and well-tolerated dose.  The initial 
dose in Part C will be no higher than a dose determined to be safe and well-tolerated in Part A or B (see Section 
4.3). 

Section(s) also containing this change or similar text:   
• Synopsis 
• Section 1.5 
• Section 4.3 

Purpose: Revise follow-up period to a fixed 6-month duration and single 6-month visit. 
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The primary change occurs in Section 3.1.4 

Added text: If urine ALA or PBG levels have not returned to ≥80% of Day 0 predose levels at the Day 168/ET visit, urine 
levels will be monitored (Q4W±7D) until ALA or PBG returns to ≥80% of Day 0 predose levels.  Urine 
samples may also be analyzed for exploratory ALAS1 mRNA. 

It is anticipated that patients that complete dosing inwho have completed Part C will be invited to participate in 
an open label extension (OLE) study, provided that thatthe OLE study is approved by the competent Regulatory 
Authorities and Ethics Committees.  In patients who do not enroll in the OLE study, ALA and PBG levels 
in urine will be monitored 6 months following the last dose.  Urine samples may also be analyzed for 
exploratory ALAS1 mRNA.  To complete the assessment, patients may submit the urine sample to the 
study center by mail and be contacted by telephone, or may visit the study center on an outpatient basis 
(Table 5). 

Section(s) also containing this change or similar text:   
• Synopsis 
• Table 5, column header and footnote. 
• Figure 6 footnote.  

Purpose:  Changing number of patients and number of cohorts in Part C of study. 

The primary change occurs in Section 3.1.4 

Revised text: Up to 2012 patients will be randomized in 53 cohorts of 4 patients. 

Section(s) also containing this change:   
• Synopsis  
• Section 11.1 

Purpose:  Correct typographical errors, punctuation, grammar, abbreviations, and formatting. 

These changes are not listed individually. 
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ALN-AS1-001 Protocol Amendment 9 

Summary of Changes (dated 01 December 2016)  
compared to Protocol Amendment 8 (dated 20 July 2016) 

A Phase 1, Single-Ascending Dose, Multiple-Ascending Dose, and Multi-Dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

 

Rationale for Protocol Amendment 
The primary purpose of this amendment is to implement additional safety monitoring; 
specifically to require lipase monitoring and review of recent clinical laboratory results prior to 
dosing.  These changes are being made in accordance with the study's Safety Review Committee 
recommendation pursuant to an unlikely related SAE of hemorrhagic pancreatitis with fatal 
outcome. This amendment includes the following changes:  

• Lipase has been added to the battery of serum chemistry parameters regularly collected 
throughout the study. 

• Laboratory results from the previous clinical visit are now required to be available prior 
to each dose. If results from the previous visit are clinically significant or are not 
available, assessments must be repeated and the results must be deemed acceptable by the 
Investigator before study drug administration. 

• Lipase testing is now required, and imaging should be considered by the Investigator, 
when a patient experiences uncharacteristic signs and symptoms during a porphyria 
attack. 

• Imaging is now required following a clinical laboratory test result of serum lipase ≥3× the 
upper limit of normal. 

Additionally, out of date text describing the nonclinical and clinical experience with ALN-AS1 
has been removed and replaced with a reference to the current Investigator's Brochure, which has 
been updated to include a description of the aforementioned unlikely related fatal SAE. 

A detailed summary of the changes is provided in Table 1, including those updates to the 
protocol described in administrative change letter dated 15 September 2016.  Corrections to 
typographical errors, punctuation, and formatting are not detailed. 
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Table 1: Protocol Amendment 9 Detailed Summary of Changes 
The primary section(s) of the protocol affected by the changes in the protocol amendment are indicated.  The corresponding text has 
been revised throughout the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose: To require review of clinical laboratory tests from previous visit prior to each study drug administration. Dosing visit windows have 
been increased to ±7 days for cohorts dosed monthly in order to accommodate this change. 

The primary change occurs in Table 5, Schedule of Assessments - Part C (Multi-dose Phase) Weekly Dosing, Footnote o 

Now reads: o. Results from theclinical laboratory samplestests collected on dosing days are not needed prior to dosingrequired before 
study drug administration; however, if results for clinical laboratory tests from the previous study visit are not 
available or are deemed clinically significant, then clinical laboratory assessments must be repeated and deemed 
acceptable by the Investigator before study drug administration. 

Section(s) also containing this change or similar changes: 
• Section 6.3 Treatment Compliance 
• Section 10.1.6 Clinical Laboratory Assessments 
• Table 11, Schedule of Assessments – Part C (Multi-dose Phase) Alternative Dosing Regimens 
• Table 12, Pharmacokinetic Sampling Schedule – Part C (Multi-dose Phase) Alternative Dosing Regimens 

Alnylam Pharmaceuticals Confidential 2 



ALN-AS1 Clinical Study Protocol ALN-AS1-001 
 Amendment 9 Summary of Changes_01 December 2016 

Purpose: To clarify that patients complete one form during each attack, as noted in administrative change #1, dated 15 September 2016 

The primary change occurs in Table 5, Schedule of Assessments - Part C (Multi-dose Phase) Weekly Dosing, Footnote s 

Now reads: s. Any time during the study, the attack symptom inventory form should be completed by patients if they experience 
symptoms suggestive of an attack, or each day they receive clinical care for a porphyria attack.  If patients do not report to the 
study center during the attack, they should notify the study site and complete a symptom inventory form by phone contact. 

Section(s) also containing this change or similar changes: 
• Section 9.2.4 Attack Symptom Inventory Form 
• Table 11, Schedule of Assessments – Part C (Multi-dose Phase) Alternative Dosing Regimens, footnote s 

Purpose: To streamline the protocol introduction by removing out of date text describing the nonclinical and clinical experience with ALN-AS1.  

The primary change occurs in Section 1 INTRODUCTION 

Added text: Section 1.2 Summary of ALN-AS1 Nonclinical Data and Section 1.3 Summary of ALN-AS1 Clinical 
Data have been removed.  Subsequent sections have been renumbered appropriately. The following 
statement has been added to Section 1.1.6: Further information on ALN-AS1, including the clinical 
and nonclinical experience to date, is available in in the current version of the Investigator’s 
Brochure (IB). 

 

Purpose: To require lipase testing and consider imaging when a patient experiences uncharacteristic signs and symptoms during a porphyria 
attack. 

The primary change occurs in Section 10.1.6 Clinical Laboratory Assessment 

Added text: At any point during the study, and based on Investigator judgment, if a patient experiences 
uncharacteristic signs and symptoms during a porphyria attack, lipase testing should be 
performed and imaging evaluations (eg, right upper quadrant ultrasound and/or other testing, 
based on Investigator judgment) should be considered by the Investigator.  Signs and symptoms 
include, but are not limited to, uncharacteristic abdominal pain and worsening nausea and 
vomiting. 

 

Purpose: To require imaging following a result of serum lipase ≥3× the upper limit of normal 

The primary change occurs in Section 10.1.6 Clinical Laboratory Assessments 

Added text: Imaging is required for any serum lipase result of ≥3× the upper limit of normal, or as clinically 
indicated. 
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Purpose: To add lipase to the serum chemistry battery as well as inadvertently omitted chloride and bicarbonate. 

The primary change occurs in Section 10.1.6 Clinical Laboratory Assessments 

Added text: Lipase, chloride, and bicarbonate have been added to the list of serum chemistry parameters to be 
collected as part of clinical laboratory tests. 

Purpose:  Correct typographical errors, punctuation, and formatting. 

These changes are not listed individually. 
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ALN-AS1-001 Protocol Amendment 10 

Summary of Changes (dated 03 February 2017)  
compared to Protocol Amendment 9 (dated 01 December 2016) 

A Phase 1, Single-Ascending Dose, Multiple-Ascending Dose, and Multi-Dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

 

Rationale for Protocol Amendment 
This amendment updates the risk-benefit assessment of the study protocol to align with current 
Investigator's Brochure, adds regular monitoring of coagulation by prothrombin time (PT), 
International Normalized Ratio (INR), and c-reactive protein (CRP), and clarifies the timing of 
the review of clinical laboratory assessments prior to scheduled dosing. 

This amendment includes the following changes: 

• Updated risk-benefit section to align with  the current IB including preliminary clinical 
results from Part C of Study ALN-AS1-001 and nonclinical findings from the rat and 
NHP chronic toxicology studies 

• Streamlined dose selection section and added nonclinical findings from the chronic rat 
and NHP toxicology studies. 

• Added assessments of PT, INR and CRP to regularly scheduled clinical laboratory draws 

• Clarified that hematology, chemistry (including LFTs), and coagulation results must be 
reviewed prior to each dose, and that the interval between the blood sample collection 
and dosing should not exceed 14 days 

A detailed summary of the changes is provided in Table 1.  Corrections to typographical errors 
and formatting are not detailed. 
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Table 1: Protocol Amendment 10 Detailed Summary of Changes 
The primary section(s) of the protocol affected by the changes in the protocol amendment are indicated.  The corresponding text has 
been revised throughout the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose: To update the benefit-risk assessmet with recent nonclinical and clinical data  

The primary change occurs in Section 1.5 Benefit-Risk Assessment 

Now reads: Patients taking part participating in Parts A and B of this clinical study are asymptomatic and will not gain any 
health benefit from their participation other than a general health check.   

While it is uncertain whether patients in Part C of this clinical study will gain any health benefit from their 
participation it is possible that over a period of 12 weeks of ALN-AS1 dosing, emerging data presented in 
Section 1.4 demonstrate that AIP patients on active drug could experience a decrease given ALN-AS1 
experienced reduced ALA/PBG levels, decreased attack frequency, and reduced heme usage in the number or 
severity 24-week treatment period compared to the 12-week run-in period.  

As detailed in Section 1.4.3, a fatal SAE of hemorrhagic pancreatitis was reported but deemed to be unlikely 
related to study drug. However, the potentially non-adverse nonclinical findings in the islets of Langerhans 
(endocrine, not exocrine region) of the rat pancreas (see Section 1.3), do not exclude a potential association 
between ALN-AS1 and the SAE of hemorrhagic pancreatitis. 

Overall, nonclinical and clinical data from ALN-AS1 support the dose and dosing schedule proposed in this 
Phase 1 study. 

Purpose: To clarifiy procedures on predose clinical laboratory review 

The primary change occurs in Section 10.16 Clinical Laboratory Assessments 

Now reads: For Part C, on dosing days, results from clinical laboratoryhematology, chemistry, and coagulation tests 
collected on dosing days are not required before study drug administration; however if results for clinical laboratory 
tests from within the previous study visit are not available or are deemed clinically significant, then clinical 
laboratory assessments prior 14 days must be repeated and the results must be deemed acceptable reviewed by the 
Investigator before study drug administration. These results can be analyzed centrally or at a local laboratory.  
If results from within the prior 14 days are not available at a dosing visit, locally analyzed assessments may 
be reviewed to allow same day study drug administration, but additional samples for central analysis must 
also be collected. 
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Section(s) also containing this change or similar changes: 
• Table 5: Schedule of Assessments – Part C (Multi-dose Phase) Weekly Dosing, footnote o 
• Table 11: Schedule of Assessments – Part C (Multi-dose Phase) Alternative Dosing Regimens, footnote o 

Purpose: To streamline dose selection rationale and add findings from the chronic rat and chronic NHP studies 

The primary change occurs in Section 1.3 Dose Selection and Rationale 

Now reads: Based on NHP studies, a single dose of 1 mg/kg resulted in approximately 20% ALAS1 lowering. Assuming a 1:1 
translation from NHP to human (as was observed with the GalNAc-conjugated ALN-TTRSC siRNA), the starting 
dose of 0.10 mg/kg ALN-AS1 is not expected to be pharmacologically active in humans (see the ALN-AS1 IB for 
further details).  A single dose of ALN-AS1 or placebo will be administered subcutaneously to patients in a 
single-blind manner.  The dose levels proposed in the SAD portion of the study are 0.1, 0.35, 1, and 2.5 mg/kg.   

Safety margins were calculated using the NOAELs determined in the GLP 13-week toxicity studies in rat and NHP .  
While it is expected that PD and toxicity will translate clinically on body weight (mg/kg), a more conservative 
approach for determining starting dose was calculated based on body surface area (BSA; mg/m2).  The NOAEL in 
the rat (most sensitive species) was 100 mg/kg (when administered as a single dose) and 30 mg/kg (when 
administered once weekly for 14 doses) following the 13-week dosing period.  The NOAEL in NHP was 150 mg/kg 
(highest dose level evaluated).  Using BSA conversions, the safety margins on the proposed clinical starting dose of 
0.10 mg/kg are 160-fold (single dose) and 48-fold (repeat dose) based on the rat; and 480-fold based on NHP.  
Collectively, the results of the ALN-AS1 nonclinical studies support a starting dose of 0.10 mg/kg in this Phase 1 
study in AIP patients. 

The highest dose in all parts of the study will not exceed 8.5 mg/kg (a similar dose that resulted in up to 70% 
ALAS1 lowering in nonclinical studies following a single dose as well as completely inhibiting ALA and PBG 
production in acute attack models).  Toxicology studies demonstrated that up to 80% lowering of ALAS1 by ALN-
AS1 (maximal lowering achieved even with repeat doses of up to 300 mg/kg), was well-tolerated across multiple 
species.  Importantly, the single dose NOAEL (100 mg/kg) in rat (the most sensitive species) provides a 12-fold 
safety margin for an 8.5 mg/kg dose.  The initial dose selected for Part C will be either a weight-based or fixed 
dosing regimen that is no higher than a dose determined to be safe and well-tolerated in Part A or B.  The SRC will 
review collective safety and PD data prior to any potential dose escalation. Any dose increases will not exceed 2-
fold the previous safe and well-tolerated dose and will require SRC approval. Cohorts may be dosed simultaneously 
provided that they are both at dose levels that have been approved by the SRC. 

Alnylam Pharmaceuticals Confidential 3 



ALN-AS1 Clinical Study Protocol ALN-AS1-001 
 Amendment 10 Summary of Changes_03 February 2017 

 The clinical dose selection is supported by the ALN-AS1 toxicology program.  In the 2- to 4-week exploratory 
(non-GLP) toxicology studies conducted in mice, rats, and NHPs, no dose limiting toxicities were observed up 
to 300 mg/kg (highest dose evaluated), with rats as the most sensitive species.  In the 13-week GLP toxicology 
studies, NOAELs were 30 mg/kg in the rat and 150 mg/kg in the NHP (highest dose tested).  The chronic rat 
study NOAEL was 10 mg/kg weekly (8-fold the clinical dose of 5 mg/kg monthly) based upon hepatocellular 
single cell necrosis and vacuolation in the liver with correlating clinical pathology changes of increased 
aspartate aminotransferase and alkaline phosphatase at 30 mg/kg.  Additionally, angiectasis in the islets of 
Langerhans, the endocrine portion of the pancreas, was observed in a dose-dependent manner, but occurred 
in the absence of any hemorrhage, degenerative or inflammatory changes suggesting a potentially non-
adverse nature of the finding.  The chronic NHP study NOAEL was 30 mg/kg (24-fold the clinical dose of 5 
mg/kg monthly) based upon observed hepatocellular single cell necrosis that correlated with increased 
alanine aminotransferase, gamma glutamyl transerase, aspartate aminotransferase, and cholesterol at 100 
mg/kg.  

Section(s) also containing this change or similar changes: 
• Section 1.5 Risk-Benefit Assessment 

Purpose: To add summary of ALN-AS1 clinical data to align with current version of the Investigator’s Brochure  

The primary change occurs in Section 1.4 Clinical Data Summary 

Added text:  Section 1.4 has been added, which summarizes the results to date on the safety, pharmacodynamics, and clinical 
activity of ALN-AS1. 

Purpose: To expand on the safety risk minimization strategy of monitoring clinical laboratory results 

The primary change occurs in Section 1.5 Benefit-Risk Assessment 

Added text: • Clinical laboratory monitoring:  patients enrolling in this study must have safety laboratory values within 
clinically acceptable ranges.  Serial measurements of clinical laboratory safety tests (hematology, serum 
chemistry, and urinalysis) are planned with interim reviews of safety data by a Safety Review Committee 
(SRC).  Since an association between ALN-AS1 and the fatal SAE of hemorrhagic pancreatitis can not 
be ruled out, patients will undergo routine monitoring of systemic and pancreatic inflammation and 
coagulation throughout the study.  Hematology, chemistry and coagulation results are required to be 
available prior to each dose. 

Purpose: To expand clinical laboratory assessment to include coagulation tests and c-reactive protein evaluation 

Alnylam Pharmaceuticals Confidential 4 



ALN-AS1 Clinical Study Protocol ALN-AS1-001 
 Amendment 10 Summary of Changes_03 February 2017 

The primary change occurs in Section 10.1.6 Clinical Laboratory Assessments 

Added text: Added rows to the clinical laboratory assessment table for coagulation tests (prothrombin time and International 
Normalized Ratio), and specified that c-reactive protein should be collected in Part C as well as Part A 
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ALN-AS1-001 Protocol Amendment 11 

Summary of Changes (dated 02 August 2017)  
compared to Protocol Amendment 10 (dated 03 February 2017) 

A Phase 1, Single-Ascending Dose, Multiple-Ascending Dose, and Multi-Dose Safety, 
Tolerability, Pharmacokinetics, and Pharmacodynamics Study of Subcutaneously 

Administered ALN-AS1 in Patients with Acute Intermittent Porphyria (AIP) 

 

Rationale for Protocol Amendment 
This protocol is being amended to update the estimated duration for time on study for patients 
who have not returned to ≥80% of Day 0 predose urine ALA or PBG levels at the Day 42/ET 
visit in Part A, and at the Day 70/ET visit in Part B.  If monitored for ≥18 months following final 
ALN-AS1 dose, these patients may complete the end-of-study (EOS) visit per Investigator 
judgment.  Based on the ALN-AS1 clinical experience to date, there are no apparent safety 
concerns regarding ALA or PBG levels not returning to ≥80% of baseline; furthermore, ALA 
and PBG are generally above the normal range in this population.  

This information is being updated due to the variability of ALA and PBG in this orphan 
population, and to provide patients and Investigators with further defined guidance for potential 
time on study. 

A detailed summary of the changes is provided in Table 1.  Corrections to typographical errors 
and formatting are not detailed. 
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Table 1: Protocol Amendment 11 Detailed Summary of Changes 
The primary section(s) of the protocol affected by the changes in the protocol amendment are indicated.  The corresponding text has 
been revised throughout the protocol.  Deleted text is indicated by strikeout; added text is indicated by bold font. 

Purpose: To update the duration of ALA and PBG monitoring in patients with <80% of Day 0 predose urine ALA or PBG levels at the Day 42/ET 
visit in Part A, and at the Day 70/ET visit in Part B, respectively.  

The primary change occurs in Section 3.1 Overall Study Design 

Now reads: (Paragraph in Section 3.1.1 Part A:  Single-ascending Dose Phase) 

For patients in Part A, if urine ALA or PBG levels have not returned to ≥80% of Day 0 predose levels at 
the Day 42/ET visit, urine levels will be monitored (Q2W±4D for 8W; then Q4W±7D) until ALA or PBG 
returns to ≥80% of Day 0 predose levels, or if monitored for ≥18 months following final ALN-AS1 
dose, patients may complete the EOS visit per Investigator judgment. 

(Paragraph in Section 3.1.2 Part B:  Multiple-ascending Dose Phase) 

For patients in Part B, if urine ALA or PBG levels have not returned to ≥80% of Day 0 predose levels at 
the Day 70/ET visit, urine levels will be monitored (Q2W±4D for 8W; then Q4W±7D) until ALA or PBG 
returns to ≥80% of Day 0 predose levels, or if monitored for ≥18 months following final ALN-AS1 
dose, patients may complete the EOS visit per Investigator judgment. 

Section(s) also containing a similar change: 
• Synopsis 
• Footnotes to Table 1:  Schedule of Assessments – Part A (Single-ascending Dose Phase) 
• Footnotes to Table 3:  Schedule of Assessments – Part B (Multiple-ascending Dose Phase) 
• Section 3.1.1 Part A:  Single-ascending Dose Phase 
• Section 3.1.2 Part B:  Multiple-ascending Dose Phase 
• Section 3.4 Duration of Treatement and Study 
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Purpose: To correct missing text in synopsis that was incorporated in an earlier amendment to be consistent with the body of the document. 

The primary change occurs in Synopsis. 

Now reads: Methodology, Part C: 
Upon completion of Part C of this study patients may be eligible to participate in an open-label extension study 
(ALN-AS1-002).  In patients who do not enroll in the OLE study, ALA or PBG urine levels will be monitored 6 
months following the final AS1 dose.  Urine samples may also be analyzed for exploratory ALAS1 mRNA.  Patients may 
submit the samples to study center via mail or visit the study center on an outpatient basis.  Upon completion of Part C of 
this study patients may be eligible to participate in an open-label extension study (ALN-AS1-002). 
Duration of Treatment, Part C: 
Part C:  The planned time on the study from the Run-In period through the post-treatment Return Visits is up to 336 days 
(48 weeks; 4-24 weeks for the Run-In period, 12 weeks of dosing, and 12 weeks of post-treatment, Return Visits).  In Part 
C, the planned time on study could be extended to allow additional monitoring until urine ALA or PBG levels return to 
≥80% of Day 0 predose levels for all patients in the cohort.  Depending on the follow-up time required to monitor 
recovery of ALA or PBG levels. In patients who do not enroll in the OLE study, the total time on study (including the 
Run-In Period) is estimated to be up to 14may be up to 420 days (60 weeks; 4-24 weeks for the Run-In period, 12 
weeks of dosing, and 12 weeks of post-treatment, Return Visits, and additional 12 weeks to follow-up/EOS 
Visit/phone call [ALA and PBG monitoring 6 months. following last dose]) 

Section(s) also containing a similar change: 
• Footnote e, Table 11: Schedule of Assessments – Part C (Multi-dose Phase) Alternative Dosing Regimens 

Purpose: To update the number of months for estimated total time on study with respect to patients whose time on study is extended for additional 
monitoring of urine ALA or PBG levels. 

The primary change occurs in Section 3.4 Duration of Treatment and Study 

Now reads: Depending on the follow-up time required to monitor recovery of ALA or PBG levels, the total time on study 
(including Screening) is estimated to be up to 1020 or 1221 months, respectively for Parts A and B, 
respectively. 
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Section(s) also containing a similar change: 
• Synopsis 
• Footnotes to Table 1:  Schedule of Assessments – Part A (Single-ascending Dose Phase) 
• Footnotes to Table 3:  Schedule of Assessments – Part B (Multiple-ascending Dose Phase) 
• Section 3.1.1 Part A:  Single-ascending Dose Phase 
• Section 3.1.2 Part B:  Multiple-ascending Dose Phase 
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1. STATISTICAL ANALYSIS PLAN APPROVAL SIGNATURES 

By signing this page when the Statistical Analysis Plan (SAP) is considered final, the signatories 
agree to the statistical analyses to be performed for this study, and to the basic format of the 
tables, figures, and listings (TLFs). Once the SAP has been signed, programming of the TLFs 
based upon this document can proceed. Any modifications to the SAP and TLFs made after 
signing may result in a work-scope change. 
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3. ABBREVIATIONS 

Abbreviations pertain to the SAP only (not the TLFs). 

ADaM Analysis data model 

AE Adverse event 

AIP Acute intermittent porphyria 

ALA Delta aminolevulinic acid 

ALAS1 5-aminolevulinic acid synthase 

ANCOVA Analysis of covariance  

ASHE Asymptomatic high excreters 

ATC Anatomic Therapeutic Class 

AUCe Area Under the effect Curve 

BMI Body mass index  

CDISC Clinical Data Interchange Standards Consortium 

cERD Circulating extracellular RNA detection 

Cr Creatinine 

 CRF Case Report Form 

CRO Contract research organization 

CRP C-reactive protein  

CSR Clinical Study Report 

CTCAE Common Terminology Criteria for Adverse Events  

CV% Coefficient of variation 

DLTs Dose-limiting toxicities 

ECB Early Clinical Biometrics 

ECG Electrocardiogram 

EOS end-of-study  

EQ-5D European Quality of Life 5 dimensions  

FSH Follicle-Stimulating Hormone 

ICH International Conference on Harmonization 

ISR Injection Site Reaction 

LC-MS Liquid chromatography-mass spectroscopy 



 

Final Version 1.0: 29 Sep 2017  Page 6 of 25 

Statistical Analysis Plan   CONFIDENTIAL 
CDARO No. 8309162  Sponsor Reference No. ALN-AS1-001 

MAD Multiple-ascending dose 

MD Multi-dose 

MedDRA Medical Dictionary for Regulatory Activities 

mRNA Messenger ribonucleic acid 

PBG Porphobilinogen 

PD Pharmacodynamics 

PK Pharmacokinetics 

QOL Quality of Life 

QTc QT correction; QT interval corrected for heart rate 

QTcB QTc calculated using the Bazett correction 

QTcF QTc calculated using the Fridericia correction  

SAD Single-ascending dose 

SAP Statistical Analysis Plan 

SC Subcutaneous 

SEM Standard error of the mean 

SOC System organ class 

SRC Safety Review Committee 

TEAE Treatment-emergent adverse event 

TLFs Tables, figures, and listings 

WHO World Health Organization  
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4. INTRODUCTION 

This SAP has been developed based on the clinical study protocol (amendment no. 10 dated 03-
Feb-2017 and describes the planned analysis of the safety, tolerability and pharmacodynamic 
(PD) data from this study. A detailed description of the planned TLFs to be presented in the 
clinical study report (CSR) will be provided in a separate TLF shell document. The 
Pharmacokinetic (PK) analysis and report will be provided under a separate PK analysis plan. 

In general, the analyses are based on information from the protocol, unless they have been 
modified by agreement between Alnylam Pharmaceuticals, Inc. and Covance Early Clinical 
Biometrics (ECB). This SAP must be finalized prior to the lock of the clinical database for this 
study. 

This SAP supersedes the statistical considerations described in the protocol; where 
considerations are substantially different, they will be so identified. If additional analyses are 
required to supplement the planned analyses described in this SAP, they may be performed and 
will be identified in the CSR. Any substantial deviations from this SAP will be agreed upon 
between Alnylam Pharmaceuticals, Inc. and Covance ECB and identified in the CSR. 

This SAP is written with consideration of the recommendations outlined in the International 
Conference on Harmonization (ICH) E9 guideline entitled, “Guidance for Industry: Statistical 
Principles for Clinical Trials” and the ICH E3 guideline entitled, “Guidance for Industry: 
Structure and Content of Clinical Study Reports.”[1,2]. 

A brief overview of the study design and objectives is provided in Sections 5 and 6; further 
details of the study can be found in the study protocol. 

5. STUDY OBJECTIVES 

Primary Objective 

• The primary objective of the study is to evaluate the safety and tolerability of ALN-AS1 
in acute intermittent porphyria (AIP) patients who are asymptomatic high excreters 
(ASHE) and in AIP patients who experience recurrent attacks. 

Secondary Objectives 

• To characterize the PK of ALN-AS1 in AIP patients who are ASHE and in AIP patients 
who experience recurrent attacks. 

• To assess the PD effect of ALN-AS1 on plasma and urine levels of delta aminolevulinic 
acid (ALA) and porphobilinogen (PBG) in AIP patients who are ASHE and in AIP 
patients who experience recurrent attacks. 

Exploratory Objectives 
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• To assess additional analytes in AIP patients who are ASHE and in AIP patients who 
experience recurrent attacks.  

• Part C only: To assess the clinical activity of ALN-AS1 in AIP patients who experience 
recurrent attacks 

6. STUDY DESIGN 

This study is a multi-center study to be conducted in up to 8 study centers in the European Union 
(EU) and United States of America (USA). It is designed to evaluate the safety, tolerability, PK, 
and PD of ALN-AS1 in a randomized, single-blind, placebo-controlled manner in AIP patients 
who are ASHE, and double-blind in AIP patients who experience recurrent attacks. The clinical 
activity of ALN-AS1 in AIP patients who experience recurrent attacks will also be explored. 

The study will be conducted in 3 parts:  

Part A: A single-blind, single-ascending dose (SAD) phase in AIP patients who are ASHE 

Part B: A single-blind, multiple-ascending dose (MAD) phase in AIP patients who are ASHE 

Part C: A double-blind, multi-dose (MD) phase in AIP patients who experience recurrent attacks 

A Safety Review Committee (SRC) will perform ongoing reviews of safety, tolerability, and 
available PD data at predefined decision points or upon the occurrence of potential dose-limiting 
toxicities (DLTs) to ensure the acceptability of continued dosing, and/or dose escalation to 
subsequent cohorts, and/or for the implementation of alternative dose levels and dosing 
regimens, and/or the need for optional cohorts, and/or the transition from Part A to Part B, and 
from Part B to the Treatment period of Part C. Additional ad hoc SRC meetings may take place 
to discuss time-sensitive safety issues as needed. 

Part A: Single-ascending Dose Phase 

Part A (SAD phase) is designed to assess single-ascending doses of ALN-AS1. Up to 16 ASHE 
patients will be dosed in 4 cohorts. Each cohort will be comprised of 4 patients randomized 3:1 
to receive a subcutaneous (SC) dose of ALN-AS1 or placebo. Part A is single-blind, and only 
patients will be blinded to treatment. All patients will be followed for safety, tolerability, PK, 
and PD assessments through approximately 6 weeks following the last dose of study drug. 

The study design for Part A is illustrated in Figure 1. 

Figure 1: Study Design for the Single-Ascending Dose Phase  
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Part B: Multiple-ascending Dose Phase 

Part B (MAD phase) is designed to assess multiple-ascending doses of ALN-AS1. Up to 8 ASHE 
patients will be dosed in 2 cohorts. Each cohort will be comprised of 4 patients randomized 3:1 
to receive SC doses of ALN-AS1 or placebo over a 4 week period. Patients may be dosed 
weekly, biweekly or monthly depending on the safety and PD results obtained from Part A and 
B. Part B is single-blind, and only patients will be blinded to treatment. Patients will be followed 
for safety, tolerability, PK, and PD assessments through approximately 6 weeks following the 
last dose of study drug. 

The study design for Part B is illustrated in Figure 2. 

Figure 2: Study Design for the Multiple-Ascending Dose Phase  
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In both Part A (SAD phase) and Part B (MAD phase), patients will be screened to confirm 
eligibility before administration of study drug. Patients enrolled in Part A will be admitted to the 
study center for predose assessments on the day before dosing or in the morning of Day 0 and 
discharged from the study center after completing the 24-hour postdose assessments. Patients 
enrolled in Part B will be admitted to the study center for predose assessments the day before or 
in the morning of Days 0 and 28 and will remain at the study center until they complete the 24-
hour postdose assessments on those days. In both study parts, patients will return to the study 
center for assessments; certain study visits may be replaced by at-home assessments by visiting 
nurses, at the Investigator’s discretion. 

Patients who complete Part A can participate either in an optional Part A cohort or in Part B if 
they have signed informed consent for Part B and continue to meet eligibility criteria. These 
patients  are not required to complete a Screening visit if they completed the end-of-study (EOS) 
assessments from Part A within 60 days of the first scheduled study drug administration in an 
optional Part A cohort or in Part B, and if their urine PBG level is >4 mmol/mol creatinine (Cr). 
Patients in Part B who did not participate in Part A are required to complete all Screening visit 
procedures before enrolling in Part B. 

For patients in Part A and Part B, if urine ALA or PBG levels have not returned to ≥80% of Day 
0 predose levels at the Day 42/ET or Day 70/ET visit, respectively, urine levels will be 
monitored (Q2W±4D for 8W; then Q4W±7D) until ALA or PBG returns to ≥80% of Day 0 
predose levels or, monitored for ≥18 months following final ALN-AS1 dose, patients may 
complete the EOS visit per Investigator judgment. Urine samples may also be analyzed for 
exploratory ALAS1 mRNA. 

Based on safety and PD data, optional cohorts, each consisting of 4 patients randomized 3:1 to 
receive ALN-AS1 or placebo, may be enrolled in either Part A or Part B (total n=16). Up to 4 
optional cohorts, if enrolled, may: 

• escalate to a higher dose, de-escalate to a lower dose, and/or to an intermediate dose 
level(s) of ALN-AS1 administered in Part A or Part B; 

• repeat a dose level if a safety signal in Part A or Part B (not meeting a stopping rule) 
indicates that further dose escalation may affect the safety of the study patients, or to 
further characterize PK or PD markers; or 

• evaluate ALN-AS1 dosing in patients with higher urine PBG values (PBG ≥25 mmol/mol 
Cr), or examine alternative dose levels or dosing regimens in Part B. 

Part C: Multi-dose Phase 

Part C (MD phase) is designed to assess multiple doses of ALN-AS1 in AIP patients who 
experience recurrent acute attacks of porphyria. Patients will be screened to confirm eligibility at 
the start of a Run-in period, during which patients will report to the study center to capture 
information about porphyria medical history, symptoms, attacks, and treatment; certain study 
visits may be replaced by at-home assessments by visiting nurses or by phone calls, at the 
Investigator’s discretion. The Run-in period will be a minimum of 4 weeks, but may last up to 24 
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weeks to allow time for selection of the appropriate dosing regimen(s) for the Treatment period 
of Part C. In order to be randomized, patients must have experienced at least 1 porphyria attack 
during the Run-in period (a porphyria attack is defined as intense abdominal or back pain 
requiring hospitalization, hematin use, or treatment consisting of increased carbohydrate intake 
and/or administration of pain medication). Patients may re-enroll in the Run-in period if no 
attacks were experienced during this period and provided they continue to meet eligibility 
criteria for the study. 

Part C will be conducted in a double-blind manner, where the patient and Investigator are both 
blinded (the sponsor and contract research organization [CRO] are not blinded). Up to 24 
patients will be randomized in 6 cohorts of 4 patients. Up to 1 cohort will be dosed initially, with 
an option to dose up to 5 additional cohorts using the same or a different dose level/dosing 
regimen. Eligible patients will be admitted to the study center on Day 0 to determine continued 
study eligibility and for predose assessments. Patients in each cohort will then be randomized 3:1 
to receive SC doses of ALN-AS1 or placebo and will remain at the study center until they 
complete the 24-hour postdose assessments. Patients will receive SC doses of ALN-AS1 over a 
period of 12 weeks, starting on Day 0. Patients will return to the clinical site on an outpatient 
basis to receive additional doses. Patients will also be admitted to the study center for predose 
assessments on Day 84 and will remain at the study center until they complete the 24-hour 
postdose assessments. Patients will be followed for safety, tolerability, PK, PD, and clinical 
activity assessments through approximately 12 weeks following the last dose of study drug. 

It is anticipated that patients who have completed Part C will be invited to participate in a 
separate open label extension (OLE) study, provided the OLE study is approved by the 
competent Regulatory Authorities and Ethics Committees.  For patients who do not enroll in the 
OLE study, ALA and PBG levels in urine will be monitored 6 months following the last dose.  
Urine samples may also be analyzed for exploratory ALAS1 mRNA. 

Patients in Part C will be encouraged to report to the study center for clinical care and additional 
assessments if they experience an attack at any time from the first day of the Run-in period 
through the EOS visit. 

The study design for Part C is illustrated in Figure 3. 

Figure 3: Study Design for the Multi-dose Phase  
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7. TREATMENT GROUPS 

The following is a list of the study treatment groups. In TLFs, the treatments will not be ordered 
in the order of consecutive cohorts but rather ordered according to increasing dose-intensity, as 
specified below:  

Table 7-01.  Treatment Groups in Parts A, B and C 

Study Part Study Treatment Group Name 

Part A (SAD) 

Placebo* 
0.035 mg/kg ALN-AS1 
0.10 mg/kg ALN-AS1 
0.35 mg/kg ALN-AS1 
1.0 mg/kg ALN-AS1 
2.5 mg/kg ALN-AS1 

Part B (MAD) 
Placebo* 
1.0 mg/kg Q4Wx2 ALN-AS1 
2.5 mg/kg Q4Wx2 ALN-AS1 

Part C (MD) 

Placebo* 
2.5 mg/kg Q3M ALN-AS1  
2.5 mg/kg Q1M ALN-AS1  
5.0 mg/kg Q3M ALN-AS1  

 
5.0 mg/kg Q1M ALN-AS1  

 
*Placebo will be pooled separately for Part A, Part B and Part C. 

Part A, Part B and Part C will be reported separately. 

Throughout the rest of this SAP document “Treatment group” will be used to refer to the 
combination of dosing regimen and dose level as defined in Table 7-01 above. 
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8. SAMPLE SIZE JUSTIFICATION 

The sample size was not determined based on power calculations. Up to 64 AIP patients will be 
enrolled in this study. Up to 8 patients will be enrolled in Part B (MAD phase). And, up to 16 
patients may be enrolled in optional cohorts in Part A or Part B. To account for dropouts, in 
order for 24 patients to complete the treatment period, it is anticipated that up to 32 patients may 
be enrolled in Part C (MD phase). 

9. DEFINITION OF ANALYSIS SETS 

The following analysis sets will be identified separately for patients in Parts A, B, and C. Each 
study part will be analyzed separately. 

The Safety Analysis Set will consist of all patients who received at least 1 dose of study drug 
(ALN-AS1, placebo), grouped according to actual treatment received. The safety analysis set 
will be used for all analyses of demographics, baseline characteristics, disposition, and safety 
data. In addition, Safety Analysis Set will be used for analyses performed to meet the exploratory 
objective of assessing the clinical activity of ALN-AS1 in AIP patients who experience recurrent 
attacks (Part C).  

The Pharmacokinetic Analysis Set will consist of all patients who receive at least a single dose 
of the study medication, have at least 1 blood draw postdose, and who have evaluable PK data. 
The PK Analysis Set will be used for all analyses of PK data. The PK Analysis Set will be 
analyzed according to actual treatment received. 

The Pharmacodynamics Analysis Set will consist of all patients who received at least 1 dose of 
study drug (ALN-AS1, placebo) and have at least one post dose urine sample available for 
measurement of ALA and PBG levels, or at least 1 post dose blood draw available for 
measurement of an ALAS1 mRNA. The PD Analysis Set will be used for PD analysis with 
patients grouped according to actual treatment received. 

10. PROTOCOL DEVIATIONS 

All protocol deviations that occur during enrollment (in particular, violations of eligibility 
criteria as specified in sections 5.1-4 of the study Protocol) and during study conduct will be 
reviewed, for each study part, prior to database lock of that part for their potential impact on 
assessment of drug safety and efficacy.  Important protocol deviations will be summarized by 
treatment groups. All protocol deviations will be presented in a data listing.  

11. STATISTICAL METHODOLOGY 

11.1 General 

Data listings will be provided for all patients by study part. Summary statistics and statistical 
analysis will only be presented for data where detailed in this SAP. For continuous data, 
summary statistics will include the arithmetic mean, standard deviation, standard error of the 
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mean [SEM], median, quartiles, minimum, maximum and number of patients with missing data. 
Event count data (such as porphyria attacks or number of days of hematin use), will be 
summarized as annualized rates and SEM estimates. Annualized rates will be estimated as the 
ratio of the total number of events to total person-years at risk: 𝑦� = ∑𝑛𝑖/∑𝑡𝑖, identical to the 
mean of the Poisson distribution. The standard error of  𝑦�, SEM, will be calculated using 1) the 
fact that  𝑦�  can be expressed as a weighted mean of individual patient annualized rates 𝑦� =
 ∑𝑤𝑖𝑦𝑖 ∑𝑤𝑖⁄ , where  𝑦𝑖 =  𝑛𝑖/𝑡𝑖 and weights are equal to time under risk 𝑤𝑖 = 𝑡𝑖 and 2) using 
Cochran’s estimate of SEM for the weighted mean 𝑦�  [3]: 

𝑆𝑆𝑆 =  �
𝑛

(𝑛 − 1)(∑𝑤𝑖)2
 ��(𝑤𝑖𝑦𝑖 − 𝑤�𝑦�)2 − 2𝑦��(𝑤𝑖 − 𝑤�) (𝑤𝑖𝑦𝑖 − 𝑤�  𝑦�)

+ 𝑦�2�(𝑤𝑖 − 𝑤�)2��
0.5

 

where 𝑤�  denotes the arithmetic mean of weights 𝑤𝑖. For categorical data, frequency counts, 
percentages and number will be presented. Summary statistics and statistical analyses will only 
be performed for patients included in the relevant analysis population. For the calculation of 
summary statistics and statistical analysis, unrounded data will be used. 

Mean change from baseline is the mean of all individual patients’ change from baseline values. 
Each individual change from baseline will be calculated by subtracting the individual patient’s 
baseline value from the value at the time point.  

Mean relative change from baseline is the mean of all individual patients’ relative change from 
baseline values. Each relative change from baseline will be calculated by dividing the individual 
patient’s value at the desired time point by the individual patient’s baseline value, minus 1. 
These individual patients’ relative changes from baseline values will be used to calculate the 
mean relative change from baseline.  An individual patient's percentage change from baseline at 
each timepoint is the relative change from baseline multiplied by 100; mean percent change from 
baseline will also be summarized. 

If the subjects participate in several cohorts of the same study part, they will be counted as 
unique subjects in summaries of pooled data for summary of demographics and evaluation of 
safety. For example, if a patient repeated Part A and Part B and had the same AE PT in Part A 
and Part B, then AE is counted once in part A summary and once in Part B summary (AEs are 
summarized separately by study parts). However, in a summary of pooled data from Parts A and 
B, AE PT will be counted only once for each subject. In evaluation of efficacy, each subject is 
regarded as cohort-specific. 

If the same subjects participate in several cohorts or study parts (i.e., A and B), these subjects 
will be accounted for as unique subjects in evaluation of safety, and as cohort/study part-specific 
subjects in evaluation of efficacy. Accordingly, there will be 2 baseline values defined for each 
patient in Cohorts A and B: a) baseline before first-dose-ever of study drug and b) baseline prior 
to participation in a specific cohort and study part. See parts 11.4 and 11.5 for definition of 
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baseline for specific endpoints. Each TLF that includes a baseline will specify which definition 
of baseline will be used. 

Listings will be sorted by unique subject ID (USUBJID) and include cohort-specific subject ID 
and USUBJID.  We will include two ‘study day’ variables, one counted from first-dose-ever and 
the other from first dose on the subsequent study cohort, with footnotes to clarify. 

For reporting of Adverse Events, and for evaluation of efficacy, onset times will be calculated 
from the first dose administered. 

Data analysis will be performed using SAS® Version 9.3 or higher. 

Analysis Data Model (ADaM) datasets will be prepared using Clinical Data Interchange 
Standards Consortium (CDISC) Analysis Data Model Version 2.1 or higher, and CDISC ADaM 
Implementation Guide Version 1.0 or higher. Pinnacle 21 Community Validator Version 2.2.0 
will be utilised to ensure compliance with CDISC standards. Study phases for Part-C analysis: 
Part C data will be analyzed by study phase, defined as: 

1. Run-In phase from the date of informed consent until the date of first dose of study drug -1 
day. 

2. Treatment phase from the first dose of study drug until the date of last planned dose or 
treatment discontinuation (or data cut) if it happens before the last planned dose. 

3. Follow-up phase from the end of treatment phase + 1 day until visit planned at Day 168/ET or 
until study discontinuation (or data cut), whichever occurs earlier. 

In the statistical analysis, data will be summarized for Run-In Phase, Treatment Phase, and 
combined Treatment/Follow-Up Phase. 

11.1.1 Repeat and Unscheduled Readings 

Unscheduled readings will be labelled as ‘Unscheduled’ in the listings. In tables and figures 
presenting summary data at planned study visits, the data from the nearest, unscheduled 
assessment (the earlier one, when two assessment are tied as nearest) will be used only if data 
from the planned study visit is missing for a particular patient.  

Laboratory values, with the same date and time of collection will be averaged, after confirming 
with the sites that the identical date and times are correct. 

11.1.2 Missing Data 

Missing values will not be imputed. 

11.2 Patient Disposition 

Patient disposition will be summarized and listed by treatment group and overall for patients in 
the safety population for each part separately. If the PD population differs to the safety 
population then patient disposition will be summarized separately for each population.  
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11.3 Baseline Characteristics 

The demographic variables age, sex, race, ethnicity, body weight, height and body mass index 
(BMI), as well as genotype and baseline ALA and PBG levels will be summarized and listed. 
Frequencies and percentages will be tabulated for sex, race and ethnicity. 

Medical history (including diagnoses), prior medications, pregnancy test and Follicle-
Stimulating Hormone (FSH) (postmenopausal women only), as well as HIV, hepatitis B and C 
screening data will be listed. 

Because patients from Part A can participate in more than one Part A cohort or in Part B, each 
unique patient will be counted once in the “overall” column for each part using the patient’s 
demographic and baseline characteristics prior to his/her first participation in the study. 

For Part C, screening porphyria questionnaire will be summarized by cohort and by treatment 
group and will be listed. 

Because porphyria self-assessment questionnaire was not intended to be filled out during 
screening visit, any baseline porphyria self-assessment questionnaires filled porphyria self-
assessment questionnaires will be disregarded from reporting baseline characteristics and any 
baseline values. 

11.4 Safety and Tolerability Assessments 

Safety analyses will be performed using the Safety Analysis Set.  Statistical methods for safety 
analyses will be descriptive in nature; no inferential statistical analyses are planned for 
assessment of safety. 

11.4.1 Adverse Events 

In Part C, porphyria attacks are captured using AE forms, however they will not be reported as 
AEs but rather as endpoints affected by clinical activity (see section 11.6.2); therefore the term 
“AE” in the following text pertaining to analysis of Part C data excludes porphyria attacks. 

Analyses of AEs will be performed for treatment-emergent adverse events (TEAEs), defined as 
any AE occurring or worsening in severity (based on baseline medical history) on or after the 
first dose date/time of study drug through the end of ALA/PBG monitoring period for Parts A, B 
and C. Adverse events will be displayed in tables and data listings using the Medical Dictionary 
for Regulatory Activities (MedDRA) (version 17.1) system organ class (SOC) and preferred 
term.  

All AEs will be listed. TEAEs will be summarized by study part and treatment group. Because 
patients from Part A can participate in more than one Part A cohort or in Part B, each unique 
patient will be counted once in any summary of AEs across combined cohorts for each part. In 
addition, an overall summary of TEAEs will be produced for two placebo groups (one for 
patients in Parts A and B combined, one for patients in part C) and for all patients exposed to 
ALN-AS1 (parts A, B, and C combined); with each unique patient counted only once across 
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combined study parts.AE summaries will include tabulations of all treatment-emergent adverse 
events (TEAEs), TEAEs by maximum severity, TEAEs by relationship to study drug, serious 
TEAEs, TEAEs leading to study drug discontinuation and leading to study drug interruption, and 
DLTs.  AEs will be summarized by patient incidence rates.  Multiple occurrences of the same 
AE in the same patient will be counted once in summary tables for a given SOC or preferred 
term.  For summaries of AEs by severity or relationship to study drug, patients with multiple 
occurrences of the same AE will be counted once using the occurrence with highest CTCAE 
grade or that is most related to study drug. 

By-patient listings will be provided for deaths, serious adverse events, dose-limiting toxicities 
(DLTs), and AEs leading to discontinuation or interruption of study treatment. 

Adverse events occurring during the Run-in period of Part C will be presented separately for all 
patients enrolled into the run-in period and for patients who are subsequently randomized into 
the treatment period of Part C. 

Injection site reactions (ISR) will be reported as part of AE summaries and listings. 

11.4.2 Prior and Concomitant Medication 

Concomitant medications will be defined as those medications that were initiated on or after first 
study drug administration or those that were ongoing at the time of the first study drug 
administration.  If a start date of a medication is missing, the drug will be assumed to be 
concomitant, unless an end date indicates otherwise.  If an end date is missing or the medication 
is ongoing, the medication will be considered concomitant.  Medications that are listed with 
onset and end dates prior to first dose will be classified as prior. 

Prior and concomitant medications will be coded using the World Health Organization (WHO) 
drug dictionary (March 2015).  Prior and concomitant medications will be listed in by-patient 
listing and summarized separately.  Patient incidence of medications will be tabulated by 
Anatomic Therapeutic Class (ATC) and Preferred Term by treatment group within each study 
part. Patients will only count once for each ATC or preferred term in the event that they have 
multiple records of the same ATC or preferred term in the database.  If a patient reports the same 
medication in Part A and Part B, the ATC and preferred term will appear once in Part A and once 
in Part B in concomitant medication summary tables. 

11.4.3 Clinical Laboratory Parameters 

Definition of Baseline: For all clinical laboratory parameters other than parameters for 
Pharmacodynamic and Exploratory objectives discussed in sections 11.5.2 and 11.6, baseline is 
defined as the last observed value prior to the first-dose-ever of study drug. 

Serum biochemistry, hematology and urinalysis data  

Clinical laboratory values will be expressed in SI units.  Absolute values and change from 
baseline will be summarized by study part and treatment group. Shift tables from baseline (last 
observed value prior to the first-dose-ever of the study drug) to both maximum and minimum 
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post baseline levels will be presented by study part, parameter and treatment group with high, 
low and normal as defined by the laboratory ranges for hematology, serum chemistry and 
urinalysis data.   

Mean laboratory parameters will be plotted over time by study part and treatment group. 

Shift tables for Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST), Alkaline 
Phosphatase, estimated glomerular filtration rate (eGFR), total bilirubin, creatinine, hemoglobin, 
white blood count, platelet count, and absolute neutrophil and lymphocyte count will also be 
produced summarizing the maximum shift from baseline in laboratory grade according to the 
CTCAE for adverse events (version 4.0) and separately in patients with grade 3 or 4 
abnormalities. For Part C, lipase levels, Prothrombin time (PT), International normalized ratio 
(INR), and C-reactive protein (CRP)   assessed only since November 2016 by Protocol 
Amendment 9, will be listed and summarized as normal/abnormal at study time points.  

In addition, all serum biochemistry, hematology and urinalysis data outside the clinical reference 
ranges will be listed by parameter and treatment group. 

Any clinically significant results and any serum biochemistry, hematology and urinalysis values 
outside the clinical reference ranges will be flagged on the individual patient data listings. 

Cytokine  and C-reactive protein data 
Definition of Baseline: Baseline for cytokines and CRP is defined as the last observed value 
prior to the first-dose-ever of study drug. 

Cytokine (collected in Parts A and B only) (absolute and changes from baseline) will be listed 
and summarized by study part, phase, and treatment group. CRP data (collected in Part A and in 
Part C following Protocol Amendment 9) will be reported as summary of absolute values and 
change from baseline (for Part A) and summary of absolute values (for Part C) by study part, 
phase and treatment group. 

11.4.4 Vital Signs 

Definition of Baseline: For vital signs, baseline is defined as the last observed value prior to the 
first-dose-ever of study drug. 

Changes from baseline will be calculated, where baseline is defined as last observed value prior 
to the first-dose-ever of study drug. 

Vital sign values outside the clinical reference ranges will be flagged on the individual patient 
data listings. 

The vital signs data will be summarized by study part and treatment group, together with changes 
from baseline. 
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11.4.5 Electrocardiogram 

Definition of Baseline: For ECG data, baseline is defined as last observed value (mean of 
triplicate) prior to the first-dose-ever of study drug. 

The electrocardiogram (ECG) data will be obtained directly from the 12-lead ECG traces. These 
data include rhythm (HR), PR interval, QT interval, QT interval corrected using Friderica’s 
formula (QTcF) intervals, QT interval corrected using Bazett’s formula (QTcB) intervals, QRS 
duration, and heart rate.  

Where ECGs are measured in triplicate, the mean value will be used in all subsequent 
calculations. The following ECG analyses will be performed by treatment group and study part.  

The numbers and percentages of patients with QTc interval values or changes from baseline 
meeting the following criteria at any time post baseline will be presented for QTcB and QTcF: 

• QTc interval > 450 msec 

• QTc interval > 480 msec 

• QTc interval > 500 msec 

• QTc interval increases from baseline > 30 msec 

• QTc interval increases from baseline > 60 msec 

Shift tables for QTcB and QTcF in the categories of <450, 450-<480, 480-<500 and >=500 msec 
will also be produced summarizing the maximum shift from baseline. 

Values for ECG parameters will be included in individual patient data listing and any ECG 
findings outside the clinical reference ranges will be flagged in the listing. If any of the 3 ECG’s 
are “abnormal” than the overall interpretation will be abnormal (and CS or NCS as the case may 
be). All 3 interpretations will be included in the listings. 

11.4.6 Other Assessments 

Abnormal physical examination findings will be listed. 

11.5 Analysis of Endpoints for Secondary Objectives 

11.5.1 Pharmacokinetic Analysis  

Non-compartmental analysis (NCA) for PK is described in this analysis plan and the population 
PK analysis will be described in a separate analysis plan. 

For NCA, plasma and urine pharmacokinetic parameters of givosiran and its metabolite, 3'(N-1) 
givosiran, will be estimated and include, but will not be limited to: maximum plasma 
concentration (Cmax), time to maximum plasma concentration (tmax), elimination half-life (t½β), 
area under the concentration-time curve (AUC), apparent clearance (CL/F), apparent volume of 
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distribution (V/F) and cumulative amount of givosiran and its metabolite excreted in urine (Ae).  
Other parameters may be calculated, if deemed necessary. 

11.5.2 Analysis of Pharmacodynamic Biomarkers 

A secondary objective of the study is to assess the PD effect of ALN-AS1 on plasma and urine 
levels of ALA and PBG.    

Analysis of ALA and PBG concentrations will be performed in PD analysis set, separately for 
plasma and urine concentrations and for local and central laboratory data. In all analyses of urine 
ALA and PBG, the concentrations will be creatinine-normalized (expressed in mmol/mol 
creatinine). 

Any values reported by the labs to be below the limit of quantification will be set to half the limit 
of quantification. 

Definition of Baseline: the baseline for Part A and Part B is defined as the average of all predose 
measurements that are <=60 days before first dose date.  Baseline for Part C will be defined as 
the average of all asymptomatic (i.e., performed not during attack) measurements prior to first 
dose of ALN-AS1, excluding measurements marked as ‘historical’ (in LB.LBCAT). 

The level and relative change from baseline in ALA and PBG will be summarized descriptively 
(mean, standard deviation, median, minimum, maximum) at each time points, and (for Part C 
data) separately for assessments performed during attacks, and assessments outside attacks. The 
number and proportion of patients achieving levels of ALA and PBG below the upper limit of 
normal at any time post-dose will also be tabulated.  In addition, levels of ALA and PBG will be 
plotted over time for individual patients. These analyses will be performed by treatment group 
and study part. 

For Part C patients, the creatinine-normalized levels of ALA and PBG in urine at Day 28, Day 
56, and Days 84/85 will be analyzed in ANCOVA model by placebo and by the use of ALN-AS1 
(i.e., all dose groups aggregated), adjusting for baseline values of ALA or PBG. If multiple 
samples were collected on at any of these time points, the analysis will be performed using only 
the earliest available sample for each time point. The analysis will present the adjusted means for 
each group and adjusted mean differences between ALN-AS1 and placebo, with 95% confidence 
intervals.  

Mean ALA/PBG values (with 95% CI) will be plotted at baseline, Day 28, Day 56, and Day 
84/85, by pooled placebo and dose groups. 

In addition, in Part C data, the association of annualized porphyria attack rates with percent 
decrease from baseline for urinary PD biomarkers will be explored: 

• By plotting Day 84 visit pre-dose and Day 168 visit % decrease from baseline urine levels of 
creatinine-normalized ALA and PBG versus porphyria attack rates in treatment and follow-
up phases in patients with Day 84 visit pre-dose and Day 168 visit data, 
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• By plotting area under the curve (AUC) for post-dose ALA and PBG % decrease from 
baseline (that is, concentrations integrated over time, using trapezoid rule) for concentrations 
up to Day 84 visit (pre-dose) and up to Day 168 visit assessment in patients with Day 84 visit 
pre-dose and Day 168 visit data vs attack rates 

• By plotting the category of post-dose ALA and PBG lowering during the treatment and 
follow-up phases combined, vs attack rates corresponding to time intervals when ALA or 
PBG decrease from baseline can be assigned to such a category.  

• The following ALA lowering categories will be used <0%, 0% to <25%, 25% to <50%, 50% 
to < 75%, and 75% to 100% decrease from baseline value.  

ALA lowering is defined as the percent reduction from baseline in creatinine-normalized ALA 
and will be calculated for each ALA measurement between the first dose date/time and the last 
visit on/before the end of the combined 6-month treatment and follow-up period.   

In this analysis, daily ALA activity will be interpolated for days when there is no ALA 
assessment. A linear interpolation will be carried out between two consecutive ALA assessments 
bracketing the interpolated value to estimate ALA level for those days without ALA 
measurement (assuming a linear incremental): 

Creatinine-normalized ALA on Day i following an ALA assessment= Current creatinine-
normalized ALA + (Next consecutive creatinine-normalized ALA – current creatinine-
normalized ALA) /(date of Next ALA – date of Current ALA)*i; where i=1 to (next consecutive 
ALA date-current ALA date) and given that next consecutive ALA assessment date – current 
ALA date>1. 

If there is a record of porphyria attack following the last ALA assessment, then the last observed 
values of ALA will be carried forward to the day of attack. If last visit date is beyond the last 
ALA assessment date, last ALA will be carried forward to the days after the last available ALA 
date. 

The number of days spent and the number of porphyria attacks experienced by each patient in 
each category of ALA lowering will be calculated after linear interpolation between ALA 
measurement dates and points. The annualized attack rate within each ALA lowering category 
will be calculated as: 365.25*(cumulative number of attacks/ cumulative number of days that 
patients spent in each category of ALA lowering).  The annualized attack rate by ALA lowering 
category will be summarized with descriptive statistics and presented in a plot for Part C.  This 
analysis will be repeated with urinary creatinine-normalized PBG. 

 

11.6 Exploratory Objectives 

11.6.1 Exploratory analytes 

In Part A, Part B, and Part C, the following parameters will be analyzed: 
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• Serum and/or urinary 5-aminolevulinic acid synthase (ALAS1) messenger ribonucleic acid 
(mRNA) using a circulating extracellular RNA detection (cERD) assay 

• Antidrug antibodies 
Definition of Baseline: The definition of baseline will be similar to the definition for ALA and 
PBG. Serum and urinary ALAS1 mRNA will be analyzed using the same statistical methods as 
described above (Section 11.5.2) for ALA and PBG, using the PD Analysis Set. Antidrug 
antibodies will be summarized by incidence and maximum titer for each group. 

Measurements for other exploratory analytes will be summarized for each scheduled time point 
using descriptive statistics.  Actual levels as well as change and percentage change from baseline 
will be summarized.  Results will be presented by treatment group and study part. In addition, 
ALAS1 and results for antidrug antibody testing will be presented for each patient in data 
listings. 
 
11.6.2 Clinical activity (Part C)  

Clinical activity of ALN-AS1 will be primarily assessed by number of porphyria attacks (defined 
as below) and secondarily by number of administrations of hematin. In addition, the clinical 
activity will be assessed by: 

• Duration, and severity (by CTCAE grade) of porphyria attacks 

• Number of patients receiving pain medications, during attacks and outside attacks 

• Number and duration of hospitalizations for porphyria attacks 

• Pain assessment scores –using numerical rating scale  during attacks and outside attacks 
The above endpoints will be analyzed in the Safety Analysis Set and compared descriptively a) 
as between patients in ALN-AS1 dose groups versus pooled placebo during the 3-month 
Treatment and combined 6-month Treatment + Follow-up phase, and b) within-patient for 3-
month Treatment phase and combined 6-month Treatment + Follow-up phase versus Run-in 
phase. 

Porphyria attacks will be analyzed using the following definitions: i) attacks requiring 
hospitalization, urgent healthcare visit (i.e., outpatient clinic, Emergency Department, or infusion 
center), or intravenous (IV) hematin administration at home and ii) all recorded attacks); these 
definitions will include only assessments within time window from the start of Run-in phase 
until the end of Follow-up phase.  

The source of data for analysis of porphyria attacks and for concomitant medications occurrence 
and duration will be dates recorded in Adverse Event and Concomitant medication forms, rather 
than the patient-reported dates in porphyria questionnaires. 
 
Attack duration is calculated as attack end date – attack start date + 1. Dates entered in AE form 
for porphyria attacks will be used for attack start and end dates.  

Consecutive attacks ending and starting on the same day will be considered to be the same 
episode of porphyria attack, with duration calculated based on start date of the first record and 
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end date of the last record, toxicity grade equal to maximum toxicity grade, and treatment 
location being ‘HOSPITAL’ when one of these attacks  had a mention of treatment in a hospital 
(inpatient) location, otherwise either ‘OUTPATIENT’ when one of these attacks mentioned 
outpatient location or ‘HOME’ when home was the only location mentioned in all of these 
attacks.  

For each treatment group and study phase (Run-In, Treatment, Treatment + Follow-up), the 
following summaries of attack will be presented: 1) annualized attack rate (mean/SEM, using 
method described in 11.1) 2) longest time interval without attacks and 3) proportion of attack-
free days – for attack definitions i-ii above.  

For Part C patients, the number of days of hematin, glucose (by route of administration) and pain 
medication (during and outside hospitalization) use during the Run-in phase, the 3-month 
Treatment phase, and the 6-month Treatment and Follow-up phase will be summarized.  
Individual-patient listing will include the period of observation, the number of days of hematin, 
glucose and pain medication use, and the number of days of hematin, glucose and pain 
medication use within each of these periods.  In addition, the mean and SEM for annualized 
number of days of hematin and glucose use will be summarized for treatment arm using the 
formula discussed in section 11.1 

Number of patients receiving pain medications, during attacks and outside attacks will be 
summarized, for each treatment group and study phase (Run-In, Treatment, Treatment + Follow-
up). The list of pain medications will be specified in programming instructions. Any use of pain 
medication will be classified as on-attack if the medication start date occurs between start and 
end date of attack or the recorded indication contains a mention of “acute attack”. 

Number of hospitalizations and duration of hospitalizations for porphyria attacks will be 
analyzed, for each treatment group and study phase (Run-In, Treatment, Treatment + Follow-up), 
using the following summaries: 1) annualized hospitalization rate (mean/SEM, see 11.1), and 2) 
proportion of hospitalization-free days. 

Pain assessments will be analyzed separately for on-attack assessments and for assessments 
performed not during attacks using Screening Porphyria Questionnaire, Porphyria Self-
Assessment Form, and Attack Symptom Inventory Form. The variables recording answers to the 
following questions will be summarized: `How intense is your pain now?’, ` How intense was 
your pain on average last week?’, and ‘How much your pain interferes with your normal 
everyday activities?’. On-attack measurements will be identified by either a mention of attack in 
time point description or by a pain assessment date between start and end date of attack. For 
multiple assessments performed during the same episode of attack, the one with the most severe 
assessment will be used in the analysis. For multiple assessments performed on the same day 
outside an attack, the averaged measurement will be used in subsequent analysis. 

To assess how pain changes during an attack pre-dose versus post-dose, the average pre-dose on-
attack pain assessments, average post-dose on-attack pain assessments, and percentage change 
between these averages will be summarized descriptively.   

To assess how pain changes outside attacks, the baseline (average pre-dose) assessments, as well 
as week 4, 8, and 12 assessments that are outside attack will be reported at each timepoint, and 
percent change from baseline will be summarized descriptively.  
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11.6.3 Quality of Life (Part C) 

Quality of Life will be measured via the EQ-5D-5L instrument, including:  

• Descriptive assessments for: mobility, self-care, usual activities, pain/discomfort, and 
anxiety/depression. The assessments are performed on a 5-level ordinal scale. 

• EQ Visual Analogue scale (EQ VAS) score (“how I feel today”) 

• EQ-5D index score  
Definition of Baseline: Baseline in the analysis of Quality of Life is defined as last pre-dose 
assessment (including day of dosing), separately for analysis of on-attack and outside attack 
assessments. 

In addition to the recorded endpoints, the EQ-5D index score will be calculated using preference 
weights for the US population and .EQ-5D-5L Crosswalk Index Value Calculator [4,5]. 

Assessments performed during attacks and outside attacks will be analyzed separately.  Baseline 
EQ VAS and EQ-5D index score, the last post-dose EQ VAS EQ-5D index score and the change 
from baseline will be summarized descriptively (using mean, standard deviation, median, 
minimum and maximum). For descriptive assessments of mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression, the numbers and percentages of patients with worse, 
same, or improved measure will be presented. In addition, EQ VAS will be descriptively 
compared for assessments on attack and not on attack. 

On-attack assessments will be only included within time window from the start of Run-in phase 
until the end of Follow-up phase.  

 

12. INTERIM ANALYSES 

No formal interim statistical analyses are planned. Interim data examinations may be performed 
and will generally be descriptive in nature.  Interim data from the study may be presented at 
scientific meetings.  

13. CHANGES FROM THE PROTOCOL SPECIFIED STATISTICAL ANALYSES 

There were no changes from the protocol specified statistical analyses. 

14. DATA PRESENTATION 

14.1 Insufficient Data for Presentation 

Some of the TLFs may not have sufficient numbers of patients or data for presentation. If this 
occurs, the blank TLF shell will be presented with a message printed in the center of the table, 
such as for a specific safety table, “No serious adverse events occurred for this study.” 
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