
AGA Perspectives
Vol. 13 No. 3 | June/July 2017

Stool DNA Testing:  
Is there a Future?  10

Safety concerns of new 
antivirals for HCV 14

The Gastroenterologist’s 
Microbiome Revisited  12

www.gastro.org

Which path to take?
Debating whether or not to start  
anti-TNF therapy immediately after  
surgery for Crohn’s disease patients.

ARTICLES BY 

Miguel D. Regueiro, MD, and 
Brian Bressler, MD, MS, FRCPC.

SEE PAGE 4



AGA Perspectives
Vol. 13 No. 3 | June/July 2017In this issue
Stool DNA Testing: Is there a Future?
Thomas F. Imperiale, MD, AGAF ...........................................................................10

The Gastroenterologist’s Microbiome Revisited:

Beyond Bacteria in the Guts of AGA Members
Embriette R. Hyde, MD, and Rob Knight, PhD ......................................................12

Safety Concerns of New Antivirals for HCV
K. Rajender Reddy, MD .........................................................................................14

Introducing the Rapid Review: How AGA is   

Working to Get Trustworthy Clinical Guidelines  

to Practitioners in Less Time
Brian Hanson, MD, and Shahnaz Sultan, MD, MHSc ..........................................16

Reflecting on 25 Years of  

Groundbreaking Gastric Cancer Research ......................18

AGA PERSPECTIVES DEPARTMENTS

Classifieds .............................................................................................................15

Which path  
to take?
Debating whether or not to start  
anti-TNF therapy immediately after  
surgery for Crohn’s disease patients.

ARTICLES BY 

Miguel D. Regueiro, MD,  
and Brian Bressler, MD, MS, FRCPC.

SEE PAGE 4

32  A G A  P E R S P E C T I V E S  W W W . G A S T R O . O R G

Note From the Editor

Gary W. Falk, MD, MS, AGAF
EDITOR 
@DrGaryFalk

T herapy of IBD continues to advance at an accelerating rate. The choice 
of biologics is increasing and the optimal deployment of these drugs 
continues to evolve as well. Timing of anti-TNF therapy after surgery 

for Crohn’s disease is one such area of debate. In this issue of AGA Perspectives, 
Dr. Brian Bressler makes the case for selective use of anti-TNF therapy 
postoperatively, while Dr. Miguel Regueiro argues for a more aggressive approach 
to such therapy. At the end of the day, both authors provide practical guidance to 
inform your decision making in these patients.  

Direct acting antiviral therapy for HCV has been another area of rapid advance 
in clinical care that has revolutionized the treatment of patients with hepatitis 
C. However, recent concerns have emerged on the safety of these agents. One of 
the leaders in the field of HCV therapy, my own colleague Dr. Raj Reddy, provides 
a concise summary on these safety concerns.  Also in the area of liver disease, 
Dr. Mack Mitchell provides an update on where we stand on modern therapy of 
alcoholic hepatitis.

Colon cancer screening remains a key focus of the GI community. While 
colonoscopy dominates our approach, we need to stay up to date on other 
potentially disruptive technologies for screening. Stool-based DNA testing has 
been available for a number of years now, but its niche remains to be determined. 
An update on the current status of this modality is given by Dr. Thomas Imperiale.

Guideline development and dissemination remains a key focus of AGA and 
changes are coming in regards to the speed in which guidelines are developed, 
as detailed by Drs. Brian Hanson and Shahnaz Sultan. This change will benefit all 
members of AGA as well as our patients.

Lastly, this issue of AGA Perspectives provides an update on the microbiome of 
AGA members as well as a history of the AGA-Funderburg Award in Gastric Cancer 
research. This award has provided critical funding for a who’s who of investigators 
who have made seminal contributions to the field.

I would like to wish all of our AGA Perspectives readers a good summer and happy 
reading!

Best,
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Which path to take?
Debating whether or not to start  
anti-TNF therapy immediately after  
surgery for Crohn’s disease patients.
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A surgical resection for a patient with Crohn's disease is a 
major milestone in the natural history of their condition. It is 
without a doubt that patients who require surgery will make 
avoiding further surgery a priority and accordingly many 

patients will consider any possible preventive measure. I explain 
to patients that surgery is usually required for one of two reasons. 
The first is that our best attempts to control the immune dysfunction 
of Crohn's disease have not been effective enough to deal with the 
persistent damage to their bowel, making surgery a necessity. The 
second possibility is that there has been such an excessive amount 
of damage to the bowel over time that the involved segment must be 
removed as medical therapy cannot reverse that damage. We have 
traditionally put patients into a high-or low-recurrence risk category 
in part based on trying to understand whether their requirement 
for surgery was reason one or two. Patients with ongoing immune 
dysfunction would be at a high risk of recurrence, whereas those 
with no ongoing immune dysfunction would be at low risk.

AGA has recently presented reasonable patient characteristics that 
appropriately select a patient who is at high risk of recurrence: young 
(less than 30 years old), smoker and two or more prior surgeries 
for penetrating disease, irrespective of perianal disease.1 Such high-
risk patients likely have ongoing immune dysfunction, which will 
quickly cause further damage to their bowel, leading to symptom 
recurrence and ultimately another resection if this process is not 
effectively interrupted. Therefore, these patients require the most 
effective form of therapy we can offer. Anti-TNF therapy has been 
our gold standard to date when effective control of Crohn’s disease 
is needed. As a result, in high-risk patients who have so much to

BRIAN  
BRESSLER, 
MD, MS, FRCPC

Dr. Bressler has advised for and 
received research support from 
Takeda, Janssen and AbbVie.

Director, Advanced 
IBD Training Program, 
Clinical Associate 
Professor of 
Medicine, Division 
of Gastroenterology, 
University of British 
Columbia 

M ost Crohn’s disease patients who undergo an intestinal 
resection will have postoperative recurrence. The most 
effective way to prevent recurrence is to initiate an anti-TNF 
within four weeks of surgery. It has been my practice that 

patients at high risk for postoperative Crohn’s disease recurrence 
initiate anti-TNF shortly after they are discharged from the hospital.  
It should be noted that in the tertiary IBD center in which I practice, I 
tend to see patients at higher risk, e.g. those with penetrating disease 
or who have had prior surgical resections.  We know that more 
than two thirds of these patients will have postoperative Crohn’s 
disease recurrence and nearly 50 percent require another surgery. 
Postoperatively, I use the standard induction and maintenance 
schedule for the anti-TNF. Given that most of the data on postoperative 
Crohn’s disease has been with infliximab and adalimumab, these are 
the two medications I use most. Prior to initiating (or resuming) 
postoperative anti-TNF therapy, I wait for the surgeon to ‘clear’ the 
patient of any infection or wound complications. This outpatient 
clearance visit typically occurs approximately two weeks after the 
surgery.  

If a patient had been on an anti-TNF prior to the surgery, I will usually 
resume the same anti-TNF after the surgery. In these patients, I do 
not give a re-induction course unless they had not received the anti-
TNF for more than three months prior to surgery. The rational for 
resuming the same anti-TNF after surgery is based on the fact that 
I’m not convinced that these patients are primary failures of the anti-
TNF, which would make me consider switching to another class of 
medication; rather, their disease course progressed to a complication 
that only surgery would fix. In the majority of patients, I treat with an 
anti-TNF, I will use a concomitant immunomodulator

MIGUEL D.  
REGUEIRO, 
MD

Dr. Regueiro has retainer 
agreements with AbbVie, Takeda, 
Amgen, Janssen, Pfizer and UCB.

IBD Clinical Medical 
Director, Associate 
Chief for Education, 
Senior Medical 
Lead of Specialty 
Medical Homes, 
Co-Director, Total 
Care-IBD, University of 
Pittsburgh

PROCEED -  CONTINUED ON PAGE 8

DON’T DELAY: START ANTI-TNF THERAPY 
SHORTLY AFTER SURGERY 

HOLD THE ANTI-TNF THERAPY  
AFTER SURGERY — WHY THE RUSH?

WAIT -  CONTINUED ON PAGE 8
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postoperative Crohn’s disease prevention? 
The available data suggest that probiotics, 
corticosteroids and 5-aminosalicylates 
are of little benefit in preventing post-
operative recurrence. Antibiotics, specifically 
metronidazole and ornidazole, have been 
shown to be of some benefit in preventing 
postoperative recurrence, but most cannot 
tolerate these long-term. The benefit is lost 
when these medications are discontinued. 
Azathioprine and 6-Mercaptopurine are 
efficacious in maintaining remission in patients 
with moderate-to-severe Crohn’s disease. 
However, when used in the postoperative 
setting, approximately one-half of patients 
have recurrence and many patients are 
intolerant. Anti-TNFs have the best efficacy in 
preventing postoperative Crohn’s disease with 
several studies and meta-analyses favoring this 
approach.2 The recent AGA technical review 
and guidelines also support the use of anti-
TNFs postoperatively, but the benefit must be 
weighed against risk and the patient’s personal 
preferences must be taken into account.3,4  

I suggest the decision on treatment be based on 
the patient’s risk for postoperative recurrence. 
I consider patients at low-risk for recurrence 
as those who have had long-standing Crohn’s 
disease (more than 10 years), and whose 
indication for surgery is a short (less than 10 
cm) fibro-stenotic stricture. Given the slow 
progression of disease in a limited segment 
of bowel, these patients are less likely to 
have aggressive postoperative recurrence, 
and I do not routinely place these patients 
on postoperative medications. I perform an 
ileocolonoscopy six months postoperatively 
and, if there is no endoscopic recurrence 
(i.e. i0 or i1), I do not start medication and 
repeat a colonoscopy one-to-three years 
later. If there is evidence of early endoscopic 
recurrence (Rutgeerts’ score i>2), I start an 

anti-TNF agent. A fecal calprotectin > 100 mg/
ml at three months after surgery may be a 
reasonable method in which to assess for early 
postoperative recurrence.5 At present, this is 
not routinely part of my practice.

I consider patients at moderate risk for 
postoperative recurrence as those naïve 
to immunomodulators or biologics, with 
a relatively short duration of disease (less 
than 10 years) prior to surgery, who undergo 
resection for a long segment (greater than 10 
cm) of small bowel inflammation. I perform an 
ileocolonoscopy six months postoperatively 

and keep their risk of both symptomatic and 
surgical recurrence at the same rate, as if they 
were started on their medication immediately 
after their surgery?’ 

These questions have not yet been addressed; 
however, two studies give me confidence that this 
‘wait-and-see’ approach is appropriate for most 
patients, most of the time. The Postoperative 
Crohn’s Endoscopic Recurrence (POCER) 
study did specifically evaluate the strategy to 
tailor postoperative therapy based on early 
endoscopy evidence of recurrence compared 
to empiric treatment which included in high-
risk patients azathioprine or adalimumab (if 
intolerant to azathioprine) to standard of care 
monitoring.3 At 18 months, those patients who 
had a colonoscopy early to assess recurrence 
were less likely to have endoscopic recurrence 
compared to those who were offered treatment 
based on their risk factors but did not have early 
endoscopic assessment. This study also provided 
valuable insight into the role of fecal calprotectin 
in monitoring postoperative recurrence.4 The 
likelihood of significant endoscopic recurrence 

lose if not treated appropriately, we consider 
starting an anti-TNF agent immediately in 
the postoperative setting. However, following 
surgery, we may not always be able to 
identify those patients with ongoing immune 
dysfunction and the resulting potential for 
further intestinal damage. It is entirely possible 
that some patients who are deemed high risk no 
longer have this ongoing derangement of their 
immune system and, therefore, don’t need any 
attempt to control it. In such patients, starting 
an anti-TNF agent postoperatively would not 
provide a benefit that would outweigh the risk 
and cost of this treatment. 

Knowing the natural history of postoperative 
recurrence has helped me to develop an 
approach, in my practice, which deals with 
this complicated situation by selecting those 
most likely to benefit from anti-TNF therapy. 
Approximately one quarter of patients who 
have their first resection will require another 
one within five years.1 An early manifestation 
of progression of recurrent Crohn’s disease 
is the appearance of endoscopic evidence of 
inflammation in the neoterminal ileum (defined 
using the Rutgeerts classification2), which can 
occur in up to 90 percent of patients one year 
after their resection.1 When a patient has severe 
endoscopic recurrence, one can be confident 
that the disease process will progress, leading 
eventually to both symptomatic recurrence 
and potential further surgery. Accordingly, the 
clinical question that requires answering is ‘can 
we wait for development of severe endoscopic 
recurrence and thus potentially avoid ‘over 
treating’ patients who would not have required 
an anti-TNF agent and thereby spare them 
the potential toxicity and cost associated with 
this medication?’ Furthermore, ‘can we avoid 
compromising the treatment of such patients 

WAIT - CONTINUED FROM PAGE 6 if the fecal calprotectin was less than 100 μg/g 
was low. Therefore, in my patients whom I 
am particularly worried about recurrence, I 
consider measuring fecal calprotectin early 
(three months postoperative), and every three 
months after their first colonoscopy, which I 
perform six-to-nine months after resection. 
The second study compared early azathioprine 
treatment in the postoperative setting with 
the initiation of azathioprine only when severe 
endoscopic recurrence was found. This was a 
small study (63 patients in total), but the rates 
of both clinical and endoscopic recurrence 
two years after surgery did not differ and 
approximately 50 percent of patients in the 
endoscopic assessment group were able to 
avoid treatment.5 However, due to the small 
sample size, the limited power of this study does 
not make it possible to be certain that there 
is no meaningful difference between the two 
groups. In contrast, a third study (the PREVENT 
trial), which treated all high-risk patients with 
infliximab immediately after their resection, 
did not reach its primary endpoint (clinical 
recurrence), but did demonstrate prevention of 
endoscopic recurrence.6  

The obvious piece of the puzzle we are missing 
is a randomized controlled trial in high-risk 
Crohn's disease patients comparing anti-TNF 
therapy immediately after surgery to initiation 
of therapy after endoscopic recurrence. The 
difference in both efficacy and safety would 
be key endpoints to assess. My suspicion is 
that this trial is not likely to happen anytime 
soon, so our decisions will remain somewhat 
uncertain. However, I do feel confident that early 
endoscopic assessment followed by frequent 
fecal calprotectin in postoperative Crohn's 
disease patients is the optimal way to decide 
who requires anti-TNF therapy and equally 
important who does not require treatment. n

and, if there is evidence of endoscopic 
recurrence, I add an anti-TNF agent. After 
finding a high rate of recurrence in these 
patients, I am beginning to shift my practice to 
initiating anti-TNFs in this moderate-risk group 
as well.

For patients at high risk for recurrence, I 
initiate an anti-TNF agent within two-to-four 
weeks of surgery and, if i0 or i1 recurrence, I 
will continue. If there is endoscopic recurrence 
(≥i2) at six months, I check anti-TNF levels and 
optimize accordingly.  

In sum, most of my patients who undergo an 
intestinal resection for Crohn’s disease are at 
high risk for recurrence and will receive an 
anti-TNF within four weeks of surgery. I still 
think that postoperative anti-TNFs are the most 
effective strategy for prevention of Crohn’s 
disease. Whether other biologic classes have 
the same efficacy remains to be seen. n
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In [certain] patients, starting an anti-
TNF agent postoperatively would not 
provide a benefit that would outweigh 
the risk and cost of this treatment.
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— i.e. azathioprine — presuming they are not 
intolerant. I do this primarily for prevention 
of immunogenicity. One year after surgery, if 
there is no disease recurrence, I will decrease 
and often stop the immunomodulator. With the 
advent of therapeutic drug monitoring, I have a 
number of postoperative anti-TNF patients on 
monotherapy without an immunomodulator. 

PROCEED - CONTINUED FROM PAGE 7 I will check levels of the anti-TNF and adjust 
accordingly. There is no good data to support 
this practice in the postoperative setting, but I 
have begun doing this on certain patients.  

As I noted earlier, my perspective on the use of 
anti-TNF after surgery is biased by the fact that I 
practice in a tertiary referral center. My patients 
tend to be at higher risk for postoperative 
Crohn’s disease recurrence. This is evident 
from my initial publication of postoperative 
infliximab that included 24 patients from my 

center who mainly had penetrating disease and 
prior surgery.1 To this point, and to be fair  and 
balanced in considering postoperative Crohn’s 
disease management, I think it is important 
to take into account risk factors that predict 
recurrence.

Factors associated with the highest risk for 
postoperative recurrence include smoking, 
penetrating or perforating disease and prior 
Crohn’s disease surgery. Why not consider 
a medication other than an anti-TNF for 

DON’T DELAY: START ANTI-TNF THERAPY SHORTLY AFTER SURGERY 

Postoperative anti-TNFs are 
the most effective strategy for 
prevention of Crohn’s disease.

Postoperative Crohn’s 
disease algorithm
RISK STRATIFICATION

Low

No meds

Colonoscopy 6–12 
months postop

No recurrence Recurrence

Colonoscopy  
every 1–3 years

6–MP/AZA  
or Anti-TNF

Moderate

6–MP or AZA  
+/- metronidazole

High

Anti-TNF + 6–MP/AZA

Colonoscopy 6–12 
months postop

No recurrence Recurrence

Colonoscopy  
every 1–3 years

ñAnti-TNF or  
Δ Biologic



QUICK HITS: PATIENT CARE
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STOOL 
DNA 
TESTING
 Is there a Future?

T his commentary describes the current 
status of the multi-target stool DNA test 
(mt-sDNA) (Cologuard®, Exact Sciences, 
Madison, WI) and of stool-based markers 

for GI diseases.  

Approved by both the U.S. Food and Drug 
Administration and the Center for Medicare 
and Medicaid Services in August 2014, the 
mt-sDNA test is a non-invasive screening test 
for colorectal cancer (CRC) for persons whose 
preference is to avoid screening colonoscopy. 
Since approval, clinical use of mt-sDNA has had 
a steady trajectory among both patients and 
providers (Figure 1). Relevant to the “80 percent 
by 2018” goal of CRC screening, 42 percent of 
mt-sDNA users indicated that it was their first 
CRC screening test.  

Scientific and regulatory progress of mt-sDNA 
includes the following: 

• A cross-sectional study of mt-sDNA’s test 
characteristics among 661 Alaskan Natives 
scheduled for average-risk screening or 
surveillance colonoscopy1 showed findings that 
are nearly superimposable on those of the pivotal 
(DeeP-C) study. For the 10 CRCs discovered, 
sensitivity was 100 percent for mt-sDNA and 
80 percent for the fecal immunochemical test 
(FIT). For the nine large sessile serrated polyps, 
respective sensitivities were 67 percent and 11 
percent. Specificity was 93 percent for mt-sDNA 
and 96 percent for FIT.1

11

The potential of 
non-invasive testing 

for CRC is great.
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substantially higher participation rates to 
those of FIT in organized programs and in the 
opportunistic screening that characterizes most 
of the U.S. The accompanying navigation system 
for mt-sDNA has resulted in an adherence rate 
of 67 percent — twice the rate of adherence 
to three rounds of FIT4 — and in a population 
with a high proportion of persons resistant 
to screening. However, it should be noted that 
there is no comparison of programmatic FIT 
and mt-sDNA for clinically important outcomes 
of CRC incidence or mortality. 

Beyond CRC screening, stool DNA markers 
may be useful for surveillance of dysplasia in 
inflammatory bowel disease. A subgroup of 
mt-sDNA markers and a panel of methylated 
markers have demonstrated sensitivity for 
CRC plus high-grade dysplasia of 92 to 100 
percent at specificity of 89 to 94 percent.5 These 
preliminary findings require clinical validation, 
with particular attention to specificity and the 
meaning and management of the scenario in 
which the stool test is positive, but biopsies 
for (high-grade) dysplasia are negative. And 
beyond the colon, there is ongoing investigation 
of a stool DNA-based test to function as a 
cancer screening test for the GI tract, although 
this particular indication is nascent and 
very preliminary.

Identification of discriminating markers in 
stool (as well as blood) is an active area of 
research that includes a myriad of “discovery 

Figure 1. Clinical Use of mt-sDNA Testing 
Among Patients and Providers

phase” studies of both individual and panels of 
markers. Nearly all are case-control studies that 
compare one or markers in a case group with 
CRC with a CRC-free control group, and may 
or may not include a group with advanced or 
non-advanced adenomas. This discovery phase 
has been driven by technological advances 
including the digital melt curve method, digital 
PCR, quantitative real-time target and signal 
amplification (QuARTS), and beaming, emulsion, 
amplification and magnetics (BEAMing), all of 
which have improved the detection threshold in 
stool from 1 percent of mutated copies of DNA to 
less than 0.1 percent.  

Based on the stagnant 65 percent adherence 
rate for CRC screening in the U.S., there is 
room for mt-sDNA as well as FIT and other 
accurate, non-invasive tests to improve 
adherence. The potential of non-invasive 
testing for CRC is great, with opportunity to 
identify biomarkers that are discriminating 
for CRC and advanced, precancerous polyps 
as well as for other prevalent gastrointestinal 
cancers. But much time, effort and cost will be 
required for meticulous marker selection and 
careful prospective validation of candidate 
markers in the target population for which  
the test is intended. n

• Mt-sDNA was included as an option in 
screening guidelines by the American Cancer 
Society, U.S. Preventive Services Task Force and 
National Comprehensive Cancer Network.   

• In a retrospective cohort study of 160 subjects 
with a false-positive mt-sDNA test who were 
followed for a median duration of four years, 
eight aerodigestive cancers occurred, all of 
which were diagnosed more than three years 
following the false-positive test result, with 
an occurrence rate lower than expected when 

compared to SEER data.2 While the results may 
alleviate concerns about missed cancers, more 
data are needed; these studies are ongoing.  

• Mt-sDNA was included into HEDIS measures by 
the National Committee for Quality Assurance, 
ensuring that primary care providers receive 
“credit” for using mt-sDNA for CRC screening.  

Residual clinical concerns with mt-sDNA 
include its specificity relative to FIT, cost and 
cost-effectiveness. While mt-sDNA’s specificity 
in the pivotal study was 86.6 percent (versus 
94.9 percent for FIT), the study population 
was skewed toward older persons within the 
screening age range. Older age is associated with 
higher prevalence of background methylation of 
DNA, one reason for false positivity. In persons 
younger than 65 years who had non-advanced 
neoplasia and “clean” colons, respective 
specificities were 91.5 and 94.0 percent. Last, 
the 5 percent false-positive rate for FIT, when 
considered programmatically over a three-
year interval, may be considered comparable to 
that of mt-sDNA every three years. These data 
should assuage concerns about mt-sDNA’s “low” 
specificity, particularly in younger persons 
within the screening age range.  

While mt-sDNA every three years is cost-
effective when compared to no screening, it is 
dominated (i.e., more costly, less effective) by 
colonoscopy every 10 years and annual FIT 
when adherence is perfect.3 In the real world, 
however, adherence for any CRC screening test 
is usually far less than perfect. For mt-sDNA to 
be comparably cost-effective to FIT requires 
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INSIDE AGA

The Gastroenterologist’s  
Microbiome Revisited:  
Beyond Bacteria in the 
Guts of AGA Members

T he American Gut Project1 is the country’s 
largest open source crowd-funded 
citizen science project in existence 
today. As of early 2017, the project has 

raised over $2 million and processed over 
14,000 samples from over 10,000 individuals 
(and counting). Over the last two years, the 
American Gut Project has partnered with AGA 
and its Center for Gut Microbiome Research 
and Education on the Microbiome Active 
Learning Sessions at Digestive Disease Week®. 
In 2016, we performed 16S ribosomal RNA 
(rRNA) sequencing on stool samples collected 
from 54 AGA members, and learned that the 
gut bacteria of gastroenterologists are not 
particularly different from those of the average 
American Gut Project participant.2,3 

The 16S rRNA gene is a ribosomal gene 
thought to exist in all bacteria and archaea. 
Many microbiome studies today target the V4 
region of the 16S rRNA gene, as the primers 
that amplify this portion are least susceptible 
to bias and able to yield the greatest amount of 
information taxonomically from most sample 
types. The 16S method is also cost-effective 
since hundreds of samples can be sequenced 
at once. Most American Gut samples have been 
processed in this way, as the low cost makes 
personal microbiome sequencing attainable 
for many.

A limitation of 16S rRNA marker gene analysis 
is that it surveys only a small portion of each 
genome. In contrast, the shotgun metagenomics 
approach sequences all DNA present, yielding 
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analysis. In 2017, the samples submitted by 
53 AGA members were analyzed by both 16S 
and shotgun sequencing methods. Ten of these 
members were returning participants who also 
submitted a sample in 2016. 

As in 2016, we found that the 2017 cohort of 
AGA member participants were scattered across 
the greater American Gut Project “map” (Figure 
1). 16S rRNA sequencing showed that the major 
phyla present in AGA member samples were 
Bacteroidetes and Firmicutes. Interestingly, 
three AGA participants had notable abundances 
(near 50 percent to over 70 percent) of 
Proteobacteria; in comparison, the average 
amount of Proteobacteria observed across the 
entire American Gut population is less than 
10 percent. A number of diseases, including 
IBD, have been associated with an increase in 

information about the entire genomes of all 
organisms in the sample, including the non-
bacterial members of the microbiome such 
as viruses and fungi. Because most regions 
of the genome have higher variability than 
rRNA genes, shotgun data can also give greater 
resolution and distinguish between closely-
related organisms. With sufficient sequencing 
depth, shotgun data can also yield direct 
information about the presence and abundance 
of particular functional gene pathways, or 
be assembled into draft genomes, yielding 
insights into the physiological capabilities 
of abundant organisms in the community. 
Due to the depth of sequencing required for 
shotgun analysis, it is more expensive than 
16S rRNA sequencing; however, the Knight lab 
has been working on protocols to lower the 
cost of shotgun metagenomics sequencing and 

Figure 1. An unweighted UniFrac-based 
principal coordinates plot shows the AGA cohort 
samples (large blue dots; n = 53) in the context 
of all American Gut Project (AGP) stool samples 
(small red dots; n = 11,887).

Figure 3. The mean relative abundances (in 
relation to each other) of the top 20 pathways 
detected across all AGA cohort samples.

Figure 2. Phylum level stacked bar charts 
reveal the relative abundances of archaea, 
bacteria, fungi and viruses present in the AGA 
cohort. Taxonomy information and relative 
abundances were obtained using SHOGUN. The 
vast majority of detected taxa were bacterial, 
though a few individuals had archaea, fungi or 
viruses present at a relative abundance of 1 
percent or more.

Gammaproteobacteria. However, in the case of 
the three AGA participants, the main taxa were 
Alpha- and Betaproteobacteria. When we looked 
at the same samples by shotgun metagenomics 
sequencing, only two consistently yielded high 
levels of Proteobacteria.

Across the full 2017 AGA cohort, there is some 
consistency between the 16S and shotgun 
metagenomics approaches although some 
obvious differences are noted. The most obvious 
difference between the two approaches is the 
increased abundance of Bacteroidetes (and 
corresponding lower abundance of Firmicutes) 
overall in the shotgun metagenomics cohort.  
Additionally, while most of the taxa detected 
were bacteria, there were also archaea, fungi 
(eukaryotes) and viruses detected (Figure 2). 
A total of five archaeal genera, one parasitic 
(eukaryotic) genus, seven fungal (eukaryotic) 
genera and 25 viral genera were detected. In 
most cases, non-bacterial taxa were at low 
abundance, or not detected; in only six of the 
53 individuals, non-bacterial taxa were detected 
at a relative abundance of 0.5 percent or more. 
These included the Archaea Methanobrevibacter, 
Methanosphaera, Methanomassiliicoccus 
and Methanobrevibacter, the eukaryotic 
taxon Candida, and the viral (phage) genera 
Nonagvirus and Pseudomonas_phage_O4 and 
Pseudomonas_phage_PA11.  

Finally, assessing the top 20 pathways present 
across the dataset, we see a stable pattern in 
which most pathways are at similar relative 
abundances in all samples. However, in the 
samples in which Proteobacteria were present 
at relative abundances of over 70 percent, three 
pathways are noticeably higher: chorismate 
biosynthesis from 3-dehydroquinate, chorismate 
biosynthesis I and peptidoglycan biosynthesis 
I (Figure 3). The potential significance of the 
increased abundance of these three pathways is 
unclear, highlighting a new frontier of research 
as whole genome sequencing approaches 
become more common.

This year’s AGA participant report4 includes 
much more information than what is discussed 
here, including a case study of deep shotgun 
metagenomic sequencing performed on 
longitudinal stool samples collected from 
a single patient with IBD over three years. 
Importantly, while we now have the technology 
to understand what microbiota are in the gut, 
we do not yet have enough evidence to explain 
why they are there and how they impact health 
and disease. There is much more to learn about 
the relationship between humans and their 
microbiota. Thank you to the gastroenterologists 
who participated in the 2017 sequencing activity, 
and we look forward to seeing all of you at the 
next Microbiome Active Learning Session. n
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QUICK HITS: PATIENT CARE

T
he advent of direct acting antivirals 
(DAAs) in the treatment of chronic 
hepatitis C infection has been 
revolutionary in that they have 

drastically mitigated the side effects of 
therapy while enhancing efficacy relative to 
interferon-based therapy.  DAAs are broadly 
categorized into the NS3/4A protease 
inhibitors, NS5A inhibitors, and the non-
nucleoside and nucleotide NS5B inhibitors.  
Ribavirin, a guanosine analog is still a 
component of therapy in certain regimens 

and patient populations.  The general 
adverse events related to directly acting 
antiviral regimens are of fatigue, headache, 
nausea, pruritus, insomnia, diarrhea and 
asthenia, while rash, cough and anemia are 
more characteristic of ribavirin adverse 
events.1  Generally though, these adverse 
events have not lead to discontinuation 
of therapy, although dose modification of 
ribavirin may be necessary for symptomatic 
patients and particularly those who 
develop significant anemia. Ribavirin is 
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an effective drug in combination with DAAs, 
but it has its unique adverse events, and is 
a known teratogen.  There are a few unique 
adverse events related to certain drugs such 
as simeprevir, a protease inhibitor. While it is 
generally well tolerated, it is a photosensitizer 
and may lead to adverse skin reactions, but 
these rarely lead to withdrawal from therapy. As 
a sulfonamide, simeprevir is photodynamically 
active, and thus the cause for photosensitivity 
reactions.   Additionally, elevated bilirubin 
levels, often of the unconjugated type, may be 
seen as a consequence of this drug since it is an 
inhibitor of bilirubin transporters.  Asunaprevir, 

although not approved in the U.S., 
is associated with abnormalities in hepatic 
biochemical tests and grazoprevir has been 
noted to have subtle and clinically insignificant 
abnormalities in hepatic biochemical tests.  

Following the approval of several regimens, 
there have been post marketing reports of 
adverse events related to DAAs. Cardiac events 
following sofosbuvir-based therapy have 
been observed and included symptomatic 
bradycardia, pacemaker intervention and fatal 
cardiac arrest.2  This has happened in some 
patients within 24 hours of the first dose of 
therapy while others have developed these 
adverse events later on.  Amiodarone and 
sofosbuvir have interactions, and thus, I caution 
that amiodarone not to be used while sofosbuvir 
therapy is being pursued. Another limitation 
of sofosbuvir is that it is contraindicated in 
patients with eGFR of less than 30 mL. Protease 
inhibitors as a class are contraindicated in 
patients with decompensated liver disease.  
Following the use of the three drug regimen of 
paritaprevir boosted by ritonavir, ombitasvir 
and dasabuvir, a total of 26 cases worldwide 
were reported where there was further hepatic 
decompensation leading to liver failure. Hepatic 
decompensation and lactic acidosis have been 
reported following the use of DAAs in those 
with advanced liver disease.3, 4 

Recent contentious issues that have evolved 
in the context of DAAs are of HBV reactivation 
(HBVr) and the adverse impact on the course 
of hepatocellular carcinoma. During DAA 
therapy, 29 cases of HBVr were reported to 
the FDA between Nov. 22, 2013, and Oct. 15, 
2016.5 Two deaths and one case salvaged by 
liver transplantation were among these cases. 
Most had HBV infection at baseline while three 
cases had negative hepatitis B surface antigen 
(HBsAg). Data was poor or uninterpretable in 
10 cases.  This of course has raised concern 

rate of SVR in those treated with DAAs in the 
background of HCC has also been observed. 
Most data, however, comes from retrospective 
studies that lack a well matched comparator 
cohort. Limited prospective studies suggest 
that the risk of HCC is lower in patients with 
successfully treated HCV with DAAs. More 
prospective data is needed to settle the issue of 
the rate of de novo HCC, the rate of SVR in those 
with HCC, the course of newly developed HCC, 

and of recurrent and well treated HCC.  

While the data is robust for sustained virologic 
response with DAAs along with few adverse 
events, there is still a need to study the safety 
and efficacy in special populations — including 
pregnant women and children. We have come 
a long way since the days of interferon and 
ribavirin. There remain fewer challenges with 
the current DAAs. A knowledge of drug-drug 
interactions is essential to potentially mitigate 

any adverse events. n

among the treating community, although this 
is a rare event. Those infected with HBV as 
noted by a positive HBsAg would need to be 
monitored for reactivation and those with HBV 
replication ideally would be best served with 
prophylaxis against reactivation during HCV 
therapy. It is unclear if any specific intervention 
is necessary in those with isolated antibody 
to core antigen (anti-HBc); following them for 
clinical and biochemical evidence of reactivation  
seems reasonable.

Historical data in patients who achieved 
sustained virologic response  

(SVR) following interferon-based therapy has 
demonstrated a decrease in the risk of HCC. It 
would seem logical to expect similar benefits in 
patients treated with DAAs. However, alarming 
reports have emerged indicating that the risk 
of HCC may not be decreased after achieving 
SVR with DAAs and, in fact, the risk might 
be increased. Loss of immune “control” after 
successful HCV eradication has been implicated 
as a potential pathogenic mechanism. A 
recurrence of aggressive HCC after successful 
treatment of the tumor has also been suggested, 
while undergoing HCV therapy.6 Lastly, a lower 

Historical data in patients who achieved sustained virologic response (SVR)  

following interferon-based therapy has demonstrated a decrease in the risk of HCC.

CAUTION
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INTRODUCING 
THE RAPID 
REVIEW
How AGA is   
Working to Get  
Trustworthy  
Clinical Guidelines  
to Practitioners  
in Less Time

"F
aster” is the new normative way of 
living and the demand for instant 
results affects every aspect of our 
lives. We want instant access to 

movies that can be streamed from our devices. 
We want our shopping purchases to be 
shipped to our door on the same day. We want 
the most reliable and accurate evidence to 
inform our clinical decisions — and we want it 
fast. “Rapid reviews” were borne out a desire 
to meet end-user needs in a rapidly changing  
health care environment.  

Currently, AGA develops and publishes four 
or more clinical guidelines per year. These 
guidelines typically take around 12 months 
to conduct a systematic search and develop 
a complete draft of the technical review. In 
order to get AGA’s trustworthy, evidence-
based clinical guidelines into the hands of 
practitioners in less time, a new project to 
pilot the use of “rapid reviews” has been 
commissioned. AGA’s upcoming guideline 

on the management of opioid-induced 
constipation (OIC) will be the first to utilize 
the rapid review approach. 

What is a rapid review? 

Simply stated, a rapid review is a systematic 
review completed more quickly than a 
standard systematic review.1 A traditional 
systematic review uses a predefined, 
systematic and transparent approach to 
identify, select, appraise and summarize 
primary studies addressing a focused clinical 
question using methods to reduce the 
likelihood of bias. Rapid reviews or guidelines 
are developed on a shorter timeline and 
use “methods to accelerate or streamline 
traditional [systematic review] processes” 
to meet the needs and timelines of the end-
users.2, 3  

While rapid reviews are conceptually quite 
simple, in reality, they are an ill-defined entity. 

INSIDE AGA

View AGA’s current guidelines by visiting  
www.gastro.org/Guidelines or by 
downloading the AGA Guidelines App
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panel will search for and use existing high-
quality systematic reviews, include only English 
language articles, and not include review of  
grey literature , e.g. conference proceedings and 
technical reports. An initial title and abstract 
review followed by a full-text review will be 

On average the typical timeline for the 
development of an AGA systematic review 
is 12 months, but the timeline for this rapid 

review will be three to six months. 
1. What is the effective medical therapy for OIC?  
2. What are the harms of these medical 
therapies? 3. Are different costs of those 
therapies worth spending to achieve the stated 
benefits?  

On average the typical timeline for the 
development of an AGA systematic review is 12 
months, but the timeline for this rapid review 
will be three to six months. Methodological 
approaches that the technical review panel 
will use include limiting the number and scope 
of questions to be answered. Additionally, the 
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Rapid reviews are highly variable with respect 
to terminology (often going by many names 
including rapid response, evidence advisory, 
hotline response, evidence summaries or 
evidence inventories), as well as with respect 
to methodology. While no two rapid reviews 
are alike, all may take certain methodological 
“shortcuts” to reduce the development time. 
True rapid reviews are akin to traditional 
systematic reviews with only minor differences 
in methodology; they are amenable to a 
shorter timeline because they ask a more 
targeted question with a reduced scope or are 
limited to specific outcomes. The timeline for 
development is often the critical factor that 
determines the methodological approach. For 
example, some “rapid reviews” are merely 
automated/algorithmic lists of titles of relevant 
references (completed in five minutes) while 
others are typically completed over eight 
months and are more consistent with traditional  
systematic reviews.4-5 

Transparency has always been a hallmark of a 
high-quality systemic review. With no universal 
guiding methodological principles for rapid 
reviews, transparency of reporting is even more 
important when conducting a rapid review.4 

When formulating rapid reviews and rapid 
guidelines, it is imperative to carefully describe 
the scope and methods of the review so the end-
user is informed about any potential limitations. 

DOWNLOAD THE AGA  
CLINICAL GUIDELINES APP

Access the AGA Clinical Guidelines App today.

The AGA Clinical Guidelines App is a product of the AGA Institute.

Rapid Review and Guideline  

In AGA’s first-ever rapid review and rapid 
guideline, three concise questions are to be 
answered regarding the management of OIC:  

performed by one reviewer and then only 
excluded titles/abstracts will be reviewed by a 
second author.6 The end-users of rapid reviews 
report that one of the most important factors, 
other than methodology and transparency, in 
considering the use of rapid reviews is that the 
review is from a reliable source.3 In a briskly 
and ever-changing medical field, AGA, a trusted 
leader in guideline development, is an ideal 
organization to lead the charge toward high-
quality, rapid guideline development. n



INSIDE AGA

FUNDERBURG AWA R D

AGA RESEARCH FOUNDATION

of Groundbreaking  
Gastric Cancer Research 

Reflecting on 25 Years 

Year AGA–Funderburg Recipient
2005 JeanMarie Houghton, MD, PhD

2006 Steven H. Itzkowitz, MD, AGAF

2007 Xiaolu Yang, PhD

2008 Sheila E. Crowe, MD, AGAF

2009 Mary Bronner, MD

2010 Jason C. Mills, MD, PhD, AGAF

2011 Andrea Todisco, MD, AGAF

2012 Adam J. Bass, MD

2013 Yana Zavros, PhD

2014 Manuel R. Amieva, MD, PhD

2015 Linda C. Samueslon, PhD

2016 Richard J. DiPaolo, PhD

2017 Zhibin Chen, MD, PhD

Year AGA–Funderburg Recipient
1992 C. Richard Boland, MD, AGAF

1993 Brian J. Reid, MD, PhD

1994 Timothy C. Wang, MD, AGAF

1995 Jill P. Smith, MD

1996 Anil K. Rustgi, MD, AGAF

1997 Stephen J. Meltzer, MD

1998 Juanita L. Merchant, MD, PhD

1999 Steven M. Powell, MD

2000 Klaus Kaestner, PhD

2001 Debra G. Silberg, MD, PhD

2002 Steven F. Moss, MD, AGAF

2003 Lopa Mishra, MD

2004 James R. Goldenring, MD, PhD, AGAF

AGA–R. Robert and Sally D. Funderburg  
Research Award  in Gastric Cancer Recipients

AGA is currently accepting applications for the 2018 Funderburg award. 
Learn more at www.gastro.org/research-funding.  19

in my career,” stated Dr. Jim Goldenring, 2004 
Funderburg recipient and professor and vice 
chairman of surgery and professor of cell and 
developmental biology at Vanderbilt. “While we 
had been working for some time on the etiology 
of precancerous metaplasia in the stomach, we 
had been unable to obtain funding for the work 
from NIH on five separate attempts, largely due 
to a lack of enthusiasm or interest in research 
on gastric cancer, which is relatively rare in 
the U.S. compared with the rest of the world. 
I was frankly ready to terminate our work on 
gastric cancer when I received the Funderburg 
award. The Funderburg award allowed me to 
perform our first studies of gene expression 
profiling of microdissected metaplastic 
lineages in mice. These studies and those that  
followed have led to the validation of a rather 
unexpected hypothesis that metaplasias 
evolve from mature chief cells through 
transdifferentiation. This work has now 
received funding from both the NIH and the VA. 
None of this would have been possible without 
the Funderburg award, and I dare say that the 
others winners of this award would have similar 
stories.”

Continuous funding from the Funderburg 
family through the AGA Research Foundation 
has provided the opportunity for gastric cancer 
research discoveries that otherwise would not 
have been funded. Dr. Jason Mills, associate 
professor at Washington University at St. Louis 
and 2010 Funderburg recipient states, “The field 
is greatly indebted to the Funderburg family. 
Gastric cancer, by most metrics, is the least 
funded cancer relative to the burden it costs 
society, which makes it tough to stay focused 
on stomach and to attract bright young scientist  
to the field.” n

R obert “Bob” Funderburg was well-known in 
Rockford, IL, and throughout the state as a 
successful businessman and philanthropist. 

Both Bob and his wife, Sally, were active in many 
charitable causes in Rockford and Chicago, 
particularly focusing their efforts in the areas of 
health care, the arts and education.

In the spring of 1990, Bob’s life took an 
unexpected turn when he learned he had 
gastric cancer. Over the next two years, he 
sought the best medical advice and treatment, 
but succumbed to the disease in July 1992. 
Just prior to Bob’s death, the Funderburgs 
decided to make a significant investment in  
gastric cancer research.

The AGA-R. Robert and Sally D. Funderburg 
Research Award in Gastric Cancer supports 
established investigators working on novel 
approaches in gastric cancer research, 
whose efforts will enhance the fundamental 
understanding of the disease process and 
ultimately contribute to a cure. Administered 
through the AGA Research Foundation, this 
grant currently provides $100,000 over a  
two-year period.

To date, there have been 
26 recipients of the 
Funderburg award, and 
since the first award in 
1992, there has been a 
dramatic improvement 
in the understanding and 
treatment of gastric cancer. 
The Funderburg award 
has been instrumental 
in providing funding for 
a field of research that traditionally has been 
underfunded in the U.S. Even though each 
recipient has addressed different aspects of the 
disease, the award has served as a springboard 
for recipients, enabling them to obtain larger 
grants and become clear leaders in the field.

For the past 25 years, some of the most 
gifted researchers in North America have 
competed to receive the AGA–R. Robert 
and Sally D. Funderburg Research Award in 
Gastric Cancer. The 26 recipients comprise an 
honor role of distinguished national leaders 
in gastroenterology. Funderburg recipients 
now serve as chiefs of the GI divisions at 
institutions including Baylor University, 
Columbia University and the University of 
Pennsylvania. Others have become directors 
of GI fellowship programs and full professors 
at institutions such as Brown University, Johns 
Hopkins University, Mount Sinai, University of 
Michigan, University of Texas M.D. Anderson 
Cancer Center, University of Washington at St. 
Louis, Vanderbilt University and others. Many 
have also served in AGA leadership, including on 
the governing board and as presidential officers. 
Most importantly, the research conducted 
by the Funderburg recipients is making real 
headway in the science that will lead to effective 
treatments and cures. Recipients are developing 

R. Robert “Bob” and Sally Funderburg have become champions of gastric cancer research 
through their funding of the AGA-Funderburg Research Award in Gastric Cancer.

Cellular and Molecular 
Gastroenterology and Hepatology 
is pleased to honor the 25th 
anniversary of the AGA–R.  
Robert and Sally Funderburg 
Research Award in Gastric Cancer 
with a compendium of reviews  
and commentaries written by 
recipients of this award. 

Visit www.cmghjournal.org to 
see this special article collection.

cancer screenings, H. pylori vaccines, tools to 
integrate personal and family medical history 
to determine an individual’s risk of colorectal 
cancer, and rational therapeutic strategies for 
stomach and esophageal cancer.

According to Dr. Steven Moss, 2002 Funderburg 
recipient and professor of medicine and GI 
fellowship program director at Brown University, 
“We are fortunate that focused research funding 
via the Funderburg award has stimulated many 
physician-scientists early in their independent 
research careers to provide innovative 
approaches to this disease, which remains all 
too common and still usually fatal, especially in 
the most underserved communities.”

“The Funderburg award played a crucial role 

Learn more about  
the AGA Research  

Foundation. Visit  
www.gastro.org/ 

Foundation. 
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OPPORTUNITY AMOUNT DEADLINE

 AGA-R. Robert and Sally 
Funderburg Research 
Award in Gastric Cancer

$100,000
Aug. 4, 
2017

AGA Research Scholar 
Award  

$270,000

Sept. 8, 
2017

AGA-Takeda 
Pharmaceuticals 
Research Scholar Award 
in Inflammatory Bowel 
Disease 

$270,000

 AGA-Rady Children’s 
Institute for Genomic 
Medicine Research 
Scholar Award in 
Pediatric Genomics 

$270,000

HARVONI is the #1 prescribed treatment for HCV GT 1 patients in the US3,a

EPCLUSA is the fi rst and only pan-genotypic single-tablet regimen for patients with chronic HCV2

See full study information on following pages.
Cure = sustained virologic response (SVR). SVR12 was the primary 
endpoint and was defi ned as HCV RNA <25 IU/mL at 12 weeks after 
the end of treatment in the HARVONI ION clinical trials and <15 IU/mL 
in the EPCLUSA ASTRAL clinical trials.1,2,7

aIMS Weekly NPA™ Market Dynamics™ from week-ending 11/14/14–10/1/16.

Please see Brief Summary of full Prescribing Information 
for HARVONI and EPCLUSA including BOXED WARNING on 
Hepatitis B reactivation, on the following pages. 

Please visit transformingtreatment.com to learn more.

•  97% overall cure (SVR12) rate in GT 1 subjects with HARVONI (n=1042/1079; ION-1, -2, -3)1,4-6

•  99% and 95% overall cure rates in GT 2 and GT 3 subjects, respectively, 
with EPCLUSA (n=397/411; ASTRAL-2, -3)2

HARVONI is indicated with or without ribavirin for the treatment of adult patients 
with chronic hepatitis C virus (HCV) genotype (GT) 1, 4, 5, or 6 infection.

EPCLUSA is indicated for the treatment of adult patients with chronic 
HCV GT 1, 2, 3, 4, 5, or 6 infection without cirrhosis or with 
compensated cirrhosis and in combination with ribavirin 
for those with decompensated cirrhosis. 

Patients of any HCV genotype can 
be cured with a sofosbuvir-based, 
once-daily single-tablet regimen1,2

A CURE FOR 
EVERY TYPETM

Research Funding 
Opportunity
The AGA Research Foundation will award over $2 million in research  
funding to support researchers in gastroenterology and hepatology.



Amelia Earhart® is a trademark of Amy Kleppner. 
www.AmeliaEarhart.com

THE FIRST AND ONLY PAN-GENOTYPIC
ONCE-DAILY SINGLE-TABLET REGIMEN
FOR CHRONIC HCV PATIENTS2

OVERALL CURE RATE ACROSS THREE HARVONI PHASE 3 TRIALS1,4-6

(n=1042/1079; ION-1, -2, -3)

See what’s possible at hcp.harvoni.com

OVERALL CURE RATE IN
GT 2 SUBJECTS2

(n=133/134; ASTRAL-2)

OVERALL CURE RATE IN 
GT 3 SUBJECTS2

(n=264/277; ASTRAL-3)

See what’s possible at hcp.epclusainfo.com 
Please see Brief Summary of full Prescribing Information 
for HARVONI and EPCLUSA, including BOXED WARNING,
on the following pages.

Albert Einstein used with 
permission of the HUJ/GreenLight.

HARVONI HAS TRANSFORMED TREATMENT IN A BROAD RANGE OF GT 1 SUBJECTS1 EPCLUSA FULFILLS A SIGNIFICANT UNMET NEED FOR GT 2 AND GT 3 PATIENTS2

IMPORTANT SAFETY INFORMATION FOR HARVONI AND EPCLUSA
BOXED WARNING: RISK OF HEPATITIS B VIRUS REACTIVATION IN HCV/HBV COINFECTED PATIENTS
Test all patients for evidence of current or prior hepatitis B virus (HBV) infection before initiating treatment with HARVONI 
or EPCLUSA. HBV reactivation has been reported in HCV/HBV coinfected patients who were undergoing or had completed 
treatment with HCV direct acting antivirals (DAAs) and were not receiving HBV antiviral therapy. Some cases have resulted in 
fulminant hepatitis, hepatic failure, and death. Cases have been reported in patients who are HBsAg positive, in patients with 
serologic evidence of resolved HBV, and also in patients receiving certain immunosuppressant or chemotherapeutic agents; 
the risk of HBV reactivation associated with treatment with HCV DAAs may be increased in patients taking these other agents. 
Monitor HCV/HBV coinfected patients for hepatitis fl are or HBV reactivation during HCV treatment and post-treatment 
follow-up. Initiate appropriate patient management for HBV infection as clinically indicated.
CONTRAINDICATIONS
•  If HARVONI or EPCLUSA is used in combination with ribavirin (RBV), all contraindications, warnings and precautions, in 

particular pregnancy avoidance, and adverse reactions to RBV also apply. Refer to RBV prescribing information.

WARNINGS AND PRECAUTIONS
•  Risk of Serious Symptomatic Bradycardia When Sofosbuvir Is Coadministered with Amiodarone and Another HCV 

Direct Acting Antiviral: Amiodarone is not recommended for use with HARVONI or with EPCLUSA due to the risk of 
symptomatic bradycardia, particularly in patients also taking beta blockers or with underlying cardiac comorbidities 
and/or with advanced liver disease. In patients without alternative, viable treatment options, cardiac monitoring is 
recommended. Patients should seek immediate medical evaluation if they develop signs or symptoms of bradycardia.

•  Risk of Reduced Therapeutic E� ect Due to Use with P-gp Inducers and/or Moderate to Potent Inducers of CYP: 
Rifampin, St. John’s wort and carbamazepine are not recommended for use with HARVONI or with EPCLUSA. P-gp 
inducers may signifi cantly decrease ledipasvir, sofosbuvir and/or velpatasvir plasma concentrations. Moderate to potent 
inducers of CYP2B6, CYP2C8 or CYP3A4 may signifi cantly decrease sofosbuvir and/or velpatasvir plasma concentrations.

HARVONI IS THE ONLY HCV TREATMENT WITH AN ESTABLISHED 8-WEEK COURSE OF THERAPY1 
•  The recommended treatment duration for HARVONI is 12 weeks for adult TN GT 1 patients without cirrhosis or with 

compensated cirrhosis. Eight weeks can be considered for adult TN GT 1 patients without cirrhosis who have pre-treatment 
HCV RNA <6 million IU/mL1

•  HARVONI is RBV-free, regardless of prior HCV treatment history, the presence of compensated cirrhosis, or GT 1a or 1b subtype1

•  Adverse reactions (all grades) reported in ≥5% of GT 1 subjects receiving 8, 12, or 24 weeks of treatment with HARVONI 
(in ION-3, ION-1, and ION-2): fatigue (13%-18%), headache (11%-17%), nausea (6%-9%), diarrhea (3%-7%), and insomnia (3%-6%)1

HARVONI Study Designs: randomized, open-label trials in GT 1 subjects1

ION-1: TN subjects (N=865) without cirrhosis or with compensated cirrhosis received HARVONI for 12 weeks, HARVONI + RBV for 12 weeks, 
HARVONI for 24 weeks, or HARVONI + RBV for 24 weeks. 
ION-2: TE subjects (N=440) without cirrhosis or with compensated cirrhosis received HARVONI for 12 weeks, HARVONI + RBV for 12 weeks, 
HARVONI for 24 weeks, or HARVONI + RBV for 24 weeks. 
ION-3: TN subjects (N=647) without cirrhosis received HARVONI for 8 weeks, HARVONI + RBV for 8 weeks, or HARVONI for 12 weeks.
These studies did not include subjects who were liver transplant recipients and/or with decompensated cirrhosis (Child-Pugh B or C). 
Sustained virologic response (SVR12) was the primary endpoint and was defi ned as HCV RNA <25 IU/mL at 12 weeks after the end of 
treatment.1 Achieving SVR is considered a virologic cure.7

Compensated cirrhosis = Child-Pugh A, RBV = ribavirin, SOF = sofosbuvir, TE = treatment-experienced (patients who have failed a 
peginterferon alfa + RBV–based regimen with or without an HCV protease inhibitor), TN = treatment-naïve

98% OF GT 1-6 SUBJECTS OVERALL ACHIEVED A CURE ACROSS THREE PHASE 3 TRIALS (n=1015/1035; ASTRAL-1, -2, -3)2

•  EPCLUSA o  ̈ers a once-daily, single-tablet regimen without IFN or RBV, regardless of prior HCV treatment experience or the 
presence of compensated cirrhosis2

•  Adverse reactions (all grades) reported in ≥5% of subjects receiving 12 weeks of treatment with EPCLUSA (ASTRAL-1): 
headache (22%), fatigue (15%), nausea (9%), asthenia (5%), and insomnia (5%)2

–  The adverse reactions observed in subjects treated with EPCLUSA in ASTRAL-2 and ASTRAL-3 were consistent with those 
observed in ASTRAL-1. In ASTRAL-3, irritability was observed in ≥5% of subjects treated with EPCLUSA2

EPCLUSA Study Designs: randomized trials in TN and TE subjects without cirrhosis or with compensated cirrhosis2

ASTRAL-1: double-blind, placebo-controlled trial in GT 1, 2, 4, 5, or 6 subjects (N=740). GT 1, 2, 4, or 6 subjects were randomized 5:1 to receive 
EPCLUSA or placebo for 12 weeks; GT 5 subjects received EPCLUSA for 12 weeks. Overall SVR was 99% (n=618/624).
ASTRAL-2: open-label trial in GT 2 subjects (N=266). Subjects received EPCLUSA or SOF + RBV for 12 weeks. 
ASTRAL-3: open-label trial in GT 3 subjects (N=552). Subjects received EPCLUSA for 12 weeks or SOF + RBV for 24 weeks. SVR12 for EPCLUSA ranged 
from 89% (TE with compensated cirrhosis) to 98% (TN without cirrhosis).
These studies did not include subjects with decompensated cirrhosis. Sustained virologic response (SVR12) was the primary endpoint and was 
defi ned as HCV RNA <15 IU/mL at 12 weeks after the end of treatment.2 Achieving SVR is considered a virologic cure.7

IMPORTANT SAFETY INFORMATION FOR HARVONI AND EPCLUSA
ADVERSE REACTIONS
•  The most common adverse reactions (≥10%, all grades) with HARVONI were fatigue, headache, and asthenia
•  The most common adverse reactions (≥10%, all grades) with EPCLUSA were headache and fatigue; and when used with RBV in 

decompensated cirrhotics were fatigue, anemia, nausea, headache, insomnia, and diarrhea

DRUG INTERACTIONS
•  Coadministration of HARVONI or EPCLUSA is not recommended with oxcarbazepine, phenobarbital, phenytoin, rifabutin, 

rifapentine, and tipranavir/ritonavir due to decreased concentrations of sofosbuvir, ledipasvir and/or velpatasvir.
•   Coadministration of EPCLUSA is not recommended with proton-pump inhibitors or efavirenz due to decreased 

concentrations of velpatasvir; or with topotecan due to increased concentrations of topotecan. 
•  Coadministration of HARVONI is not recommended with co-formulated elvitegravir/cobicistat/emtricitabine/tenofovir 

disoproxil fumarate due to increased concentrations of tenofovir; or with simeprevir due to increased concentrations of 
ledipasvir and simeprevir; or with rosuvastatin due to increased concentrations of rosuvastatin.

Consult the full Prescribing Information for HARVONI or for EPCLUSA for more information on potentially signifi cant drug 
interactions, including clinical comments.

References:
1. HARVONI US full Prescribing Information. Gilead Sciences, Inc. Foster City, CA. February 2017. 2. EPCLUSA US full Prescribing Information. Gilead Sciences, Inc. Foster City, 
CA. February 2017. 3. Data on fi le. IMS Weekly National Prescription Audit (NPA) Market Dynamics, 11/14/14–10/1/16. Gilead Sciences, Inc. 4. Afdhal N, Zeuzem S, Kwo P, 
et al; for the ION-1 Investigators. Ledipasvir and sofosbuvir for untreated HCV genotype 1 infection. N Engl J Med. 2014;370(20):1889-1898. 5. Kowdley KV, Gordon SC, 
Reddy KR, et al; for the ION-3 Investigators. Ledipasvir and sofosbuvir for 8 or 12 weeks for chronic HCV without cirrhosis. N Engl J Med. 2014;370(20):1879-1888. 
6. Afdhal N, Reddy KR, Nelson DR, et al; for the ION-2 Investigators. Ledipasvir and sofosbuvir for previously treated HCV genotype 1 infection. N Engl J Med. 
2014;370(16):1483-1493. 7. US Department of Health and Human Services, Center for Drug Evaluation and Research. Draft Guidance for Industry. Chronic Hepatitis C 
Virus Infection: Developing Direct-Acting Antiviral Drugs for Treatment. May 2016.
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HARVONI® (ledipasvir 90 mg and sofosbuvir 400 mg) tablets, for 
oral use

Brief Summary of full Prescribing Information. See full Prescribing 
Information. Rx Only.

BOXED WARNING: RISK OF HEPATITIS B VIRUS REACTIVATION IN 
PATIENTS COINFECTED WITH HCV AND HBV 
Test all patients for evidence of current or prior hepatitis B virus 
(HBV) infection before initiating treatment with HARVONI. HBV 
reactivation has been reported in HCV/HBV coinfected patients 
who were undergoing or had completed treatment with HCV direct 
acting antivirals and were not receiving HBV antiviral therapy. Some 
cases have resulted in fulminant hepatitis, hepatic failure, and 
death. Monitor HCV/HBV coinfected patients for hepatitis flare or 
HBV reactivation during HCV treatment and posttreatment follow 
up. Initiate appropriate patient management for HBV infection as 
clinically indicated.

INDICATIONS AND USAGE: HARVONI is indicated with or without  
ribavirin for the treatment of patients with chronic hepatitis C virus (HCV) 
genotype (GT) 1, 4, 5, or 6 infection.

CONTRAINDICATIONS
If HARVONI is administered with ribavirin (RBV), the contraindications to RBV 
also apply to this combination regimen. Refer to RBV prescribing information.

WARNINGS AND PRECAUTIONS:
Risk of HBV Reactivation in Patients Coinfected with HCV and HBV:  
HBV reactivation has been reported in HCV/HBV coinfected patients who 
were undergoing or had completed treatment with HCV direct acting antivirals 
and who were not receiving HBV antiviral therapy. Some cases have resulted 
in fulminant hepatitis, hepatic failure, and death. Cases have been reported 
in patients who are hepatitis B surface antigen (HBsAg) positive and also in 
patients with serologic evidence of resolved HBV infection (HBsAg negative and 
hepatitis B core antibody (anti-HBc) positive). HBV reactivation has also been 
reported in patients receiving certain immunosuppressant or chemotherapeutic 
agents; the risk of HBV reactivation associated with treatment with HCV 
direct-acting antivirals may be increased in these patients. HBV reactivation is 
characterized as an abrupt increase in HBV replication manifesting as a rapid 
increase in serum HBV DNA level. In patients with resolved HBV infection, 
reappearance of HBsAg can occur. Reactivation of HBV replication may be 
accompanied by hepatitis, i.e., increase in aminotransferase levels; and in 
severe cases, increases in bilirubin levels, liver failure, and death can occur. Test 
all patients for evidence of current or prior HBV infection by measuring HBsAg 
and anti-HBc before initiating HCV treatment with HARVONI. In patients with 
serologic evidence of HBV infection, monitor for clinical and laboratory signs of 
hepatitis flare or HBV reactivation during HCV treatment with HARVONI and 
during posttreatment follow-up. Initiate appropriate patient management for 
HBV infection as clinically indicated.

Serious Symptomatic Bradycardia When Coadministered with 
Amiodarone: Postmarketing cases of symptomatic bradycardia, as 
well as fatal cardiac arrest and cases requiring pacemaker intervention, 
have been reported when amiodarone is coadministered with HARVONI. 
Bradycardia has generally occurred within hours to days, but cases have 
been observed up to 2 weeks after initiating HCV treatment. Patients 
also taking beta blockers, or those with underlying cardiac comorbidities 
and/or advanced liver disease may be at increased risk for symptomatic 
bradycardia with coadministration of amiodarone. Bradycardia generally 
resolved after discontinuation of HCV treatment. The mechanism for this 
effect is unknown. Coadministration of amiodarone with HARVONI is not 
recommended. For patients taking amiodarone who will be coadministered 
HARVONI and patients taking HARVONI who need to start amiodarone, 
who have no other alternative, viable treatment options; and due to 
amiodarone’s long half-life for patients discontinuing amiodarone just 
prior to starting HARVONI: Counsel patients about the risk of serious  
symptomatic bradycardia; and cardiac monitoring in an in-patient setting 
for the first 48 hours of coadministration is recommended, after which 
outpatient or self-monitoring of the heart rate should occur on a daily  
basis through at least the first 2 weeks of treatment. Patients who  
develop signs or symptoms of bradycardia should seek medical  
evaluation immediately. Symptoms may include near-fainting or fainting, 
dizziness or lightheadedness, malaise, weakness, excessive tiredness, 
shortness of breath, chest pains, confusion or memory problems. 
Risk of Reduced Therapeutic Effect Due to Use With P-gp  
Inducers: Concomitant use may significantly decrease ledipasvir and 
sofosbuvir concentrations and may lead to a reduced HARVONI effect. Use 
of HARVONI with P-gp inducers (e.g., rifampin or St. John’s wort) is not 
recommended.
Risks Associated with RBV Combination Treatment 
If HARVONI is administered with RBV, the warnings and precautions 

for RBV, in particular pregnancy avoidance, apply to this combination  
regimen. Refer to the RBV prescribing information.
Related Products Not Recommended: Use of HARVONI with  
products containing sofosbuvir is not recommended.

ADVERSE REACTIONS:
Most common adverse reactions (incidence greater than or equal to 10%, all 
grades) were fatigue, headache and asthenia.
GT 1 Subjects with Compensated Liver Disease (With and  
Without Cirrhosis): The safety assessment of HARVONI was based 
on pooled data from three randomized, open-label Phase 3 clinical 
trials (ION-1, ION-3 and ION-2) in subjects who received HARVONI 
once for 8, 12 or 24 weeks. Adverse events led to permanent treatment 
discontinuation in 0%, less than 1% and 1% of subjects receiving HARVONI 
for 8, 12 and 24 weeks, respectively. Adverse Reactions (adverse events  
assessed as causally related by the investigator; all grades; majority Grade 
1) observed in at least 5% of subjects receiving HARVONI for 8, 12 or  
24 weeks, respectively, were: fatigue (16%, 13%, 18%), headache (11%, 
14%, 17%), nausea (6%, 7%, 9%), diarrhea (4%, 3%, 7%), and insomnia 
(3%, 5%, 6%). Direct comparison across trials should not be made due to 
differing trial designs.
GT 4, 5 or 6 Subjects with Compensated Liver Disease (With or 
Without Cirrhosis): The safety assessment of HARVONI was also 
based on pooled data from three open-label trials (Study 1119, ION-
4 and ELECTRON-2) in 118 subjects who received HARVONI once 
daily for 12 weeks. The safety profile in these subjects was similar to that 
observed in subjects with chronic HCV GT 1 infection with compensated  
liver disease. The most common adverse reactions occurring in at least 10% 
of subjects were asthenia (18%), headache (14%) and fatigue (10%).
GT 1 Treatment-Experienced Subjects with Cirrhosis (SIRIUS):  
The safety assessment of HARVONI with or without ribavirin (RBV) was 
based on a randomized, double-blind and placebo-controlled trial.  
Subjects were randomized to receive HARVONI once daily for 24 weeks 
without RBV or 12 weeks of placebo followed by 12 weeks of HARVONI 
+ RBV.  Adverse reactions (all grades; majority Grade 1 or 2) observed in at 
least 5% greater frequency reported in subjects receiving HARVONI for 24 
weeks or HARVONI + RBV for 12 weeks compared to placebo for 12 weeks, 
respectively, were: asthenia (31% or 36% vs 23%); headache (29% or 13% 
vs 16%); fatigue (18% or 4% vs 1%); cough (5% or 11% vs 1%); myalgia (9% 
or 4% vs 0%); dyspnea (3% or 9% vs 1%); irritability (8% or 7% vs 1%); and 
dizziness (5% or 1% vs 0%).
Liver Transplant Recipients and/or Subjects with Decompensated  
Cirrhosis: The safety assessment of HARVONI + RBV in liver transplant  
recipients and/or those who had decompensated liver disease was 
based on pooled data from two Phase 2 open-label clinical trials including  
336 subjects who received HARVONI + RBV for 12 weeks. Subjects 
with Child-Pugh-Turcotte (CPT) scores greater than 12 were excluded 
from the trials. The adverse events observed were consistent with the  
expected clinical sequelae of liver transplantation and/or decompensated  
liver disease, or the known safety profile of HARVONI and/or ribavirin. 
Decreases in hemoglobin to less than 10 g/dL and 8.5 g/dL during  
treatment were observed in 38% and 13% of subjects treated with  
HARVONI + RBV for 12 weeks, respectively. Ribavirin was permanently  
discontinued in 11% of subjects treated with HARVONI + RBV for  
12 weeks. 
Liver Transplant Recipients with Compensated Liver Disease: 
Among the 174 liver transplant recipients with compensated liver  
disease who received HARVONI + RBV for 12 weeks, 2 (1%) subjects 
permanently discontinued HARVONI due to an adverse event. Subjects  
with Decompensated Liver Disease: Among the 162 subjects with 
decompensated liver disease (pre- or post-transplant) who received 
HARVONI + RBV for 12 weeks, 7 (4%) subjects died, 4 (2%) subjects  
underwent liver transplantation, and 1 subject (<1%) underwent liver  
transplantation and died during treatment or within 30 days after  
discontinuation of treatment. Because these events occurred in patients 
with advanced liver disease who are at risk of progression of liver disease  
including liver failure and death, it is not possible to reliably assess 
the contribution of drug effect to outcomes. A total of 4 (2%) subjects  
permanently discontinued HARVONI due to an adverse event.
GT 1 or 4 Subjects with HCV/HIV-1 Co-infection (ION-4): The safety  
assessment of HARVONI was based on an open-label clinical trial in 335 
subjects who were on stable antiretroviral therapy. The safety profile in HCV/
HIV-1 co-infected subjects was similar to that observed in HCV mono-
infected subjects. The most common adverse reactions occurring in at least 
10% of subjects were headache (20%) and fatigue (17%).
Less Common Adverse Reactions Reported in Clinical Trials (less 
than 5% of subjects receiving HARVONI in any one trial): These events 
have been included because of their seriousness or assessment of  

potential causal relationship. Psychiatric disorders: depression (including 
in subjects with pre-existing history of psychiatric illness). Depression, 
particularly in subjects with pre-existing history of psychiatric illness,  
occurred in subjects receiving sofosbuvir containing regimens. Suicidal 
ideation and suicide have occurred in less than 1% of subjects treated  
with sofosbuvir in combination with ribavirin or pegylated interferon/ribavirin 
in other clinical trials.
Laboratory Abnormalities: Bilirubin Elevations: Elevations of greater than 
1.5x ULN were observed in 3%, <1% and 2% of subjects treated with 
HARVONI for 8, 12 and 24 weeks, respectively and in the SIRIUS trial, 
3%, 11% and 3% of subjects with compensated cirrhosis treated with 
placebo, HARVONI + ribavirin for 12 weeks and HARVONI for 24 weeks, 
respectively. Lipase Elevations: Transient, asymptomatic elevations  
of greater than 3x ULN were observed in less than 1%, 2% and 3% of 
subjects treated with HARVONI for 8, 12 and 24 weeks, respectively 
and in the SIRIUS trial, 1%, 3% and 9% of subjects with compensated  
cirrhosis treated with placebo, HARVONI + ribavirin for 12 weeks and  
HARVONI for 24 weeks, respectively. Creatine Kinase: was not assessed 
in Phase 3 trials ION-1, ION-3 or ION-2 of HARVONI but was assessed 
in the ION-4 trial. Isolated, asymptomatic creatine kinase elevations of 
greater than or equal to 10xULN was observed in 1% of subjects treated  
with HARVONI for 12 weeks in ION-4 and has also been previously  
reported in subjects treated with sofosbuvir in combination with ribavirin or 
peginterferon/ribavirin in other clinical trials.
Postmarketing Experience: Because postmarketing reactions are  
reported voluntarily from a population of uncertain size, it is not always  
possible to reliably estimate their frequency or establish a causal  
relationship to drug exposure. Cardiac Disorders: Serious symptomatic  
bradycardia has been reported in patients taking amiodarone who  
initiate treatment with HARVONI during post approval use of HARVONI. Skin 
and Subcutaneous Tissue Disorders: Skin rashes, sometimes with blisters or 
angioedema-like swelling 

DRUG INTERACTIONS:
Ledipasvir is an inhibitor of the drug transporters P-gp and breast cancer  
resistance protein (BCRP) and may increase intestinal absorption 
of coadministered substrates for these transporters. Ledipasvir and  
sofosbuvir are substrates of P-gp and BCRP while the inactive  
sofosbuvir metabolite GS-331007 is not. P-gp inducers (e.g. rifampin or 
St. John’s wort) may decrease ledipasvir and sofosbuvir concentrations 
leading to reduced HARVONI effect; use of HARVONI with P-gp inducers  
is not recommended.
Established and Potentially Significant Drug Interactions: The drug 
interactions described are based on studies conducted in healthy adults with 
either HARVONI, the components of HARVONI as individual agents, or are 
predicted drug interactions that may occur with HARVONI. This list includes 
potentially significant interactions but is not all inclusive. 
Alteration in dose or regimen may be recommended for the  
following drugs when coadministered with HARVONI:
Acid Reducing Agents: Ledipasvir solubility decreases as pH  
increases. Drugs that increase gastric pH are expected to decrease  
ledipasvir concentration. Antacids: Separate HARVONI and antacid  
administration by 4 hours. H2-receptor antagonists: Doses comparable  
to famotidine 40 mg twice daily or lower may be administered  
simultaneously with or 12 hours apart from HARVONI. Proton-pump  
inhibitors: Doses comparable to omeprazole 20 mg or lower can be  
administered simultaneously with HARVONI under fasted conditions.
Antiarrhythmics (amiodarone; digoxin) Amiodarone: Coadministration 
of amiodarone with HARVONI may result in serious symptomatic 
bradycardia and is not recommended. Mechanism of effect is unknown. 
If coadministration is required, cardiac monitoring is recommended.  
Digoxin: Increased digoxin concentration. Monitor digoxin therapeutic 
concentration during coadministration with HARVONI.
 Anticonvulsants (carbamazepine; phenytoin; phenobarbital;  
oxcarbazepine): Decreased ledipasvir and sofosbuvir concentrations  
leading to reduced HARVONI effect. Coadministration is not  
recommended.
Antimycobacterials (rifabutin; rifampin; rifapentine): Decreased 
ledipasvir and sofosbuvir concentrations leading to reduced HARVONI effect. 
Coadministration is not recommended.
HIV Antiretrovirals
 Regimens containing tenofovir disoproxil fumarate (DF) without 
a HIV protease inhibitor/ritonavir or cobicistat: Due to increased  
tenofovir concentrations, monitor for tenofovir-associated adverse  
reactions. Refer to VIREAD or TRUVADA prescribing information for renal 
monitoring recommendations.

 Regimens containing tenofovir DF and a HIV protease inhibitor/
ritonavir or cobicistat (e.g., atazanavir/ritonavir or cobicistat + 
emtricitabine/tenofovir DF, darunavir/ritonavir or cobicistat +  
emtricitabine/tenofovir DF, lopinavir/ritonavir + emtricitabine/
tenofovir DF): The safety of increased tenofovir concentrations has not 
been established. Consider alternative HCV or antiretroviral therapy to 
avoid increases in tenofovir exposures. If coadministration is necessary, 
monitor for tenofovir-associated adverse reactions. Refer to VIREAD  
or TRUVADA prescribing information for renal monitoring recommendations.
 Elvitegravir/cobicistat/emtricitabine/tenofovir DF: The safety  
of increased tenofovir concentrations has not been established.  
Coadministration is not recommended.
 Tipranavir/ritonavir: Decreased ledipasvir and sofosbuvir concentrations 
leading to reduced HARVONI effect. Coadministration is not  
recommended.
 HCV Products (simeprevir): Increased ledipasvir and simeprevir  
concentrations. Coadministration is not recommended.
Herbal Supplements (St. John’s wort): Decreased ledipasvir and  
sofosbuvir concentrations. Coadministration is not recommended.
HMG-CoA Reductase Inhibitors (rosuvastatin): Significant increase in 
rosuvastatin concentrations and risk of rosuvastatin associated myopathy,  
including rhabdomyolysis. Coadministration is not recommended.
Drugs without Clinically Significant Interactions with HARVONI: 
Based on drug interaction studies conducted with HARVONI or its  
components, no clinically significant drug interactions have been  
observed or are expected when used with the following drugs: abacavir, 
atazanavir/ritonavir, cyclosporine, darunavir/ritonavir, dolutegravir,  
efavirenz, elvitegravir/cobicistat/emtricitabine/tenofovir alafenamide,  
emtricitabine, lamivudine, methadone, oral contraceptives, pravastatin, 
raltegravir, rilpivirine, tacrolimus, or verapamil. 
Consult the full Prescribing Information prior to and during treatment 
with HARVONI for potential drug interactions and use with certain HIV 
antiretroviral regimens; this list is not all inclusive.

USE IN SPECIFIC POPULATIONS:
Pregnancy: If HARVONI is administered with RBV, the combination regimen 
is contraindicated in pregnant women and in men whose female partners are 
pregnant. Refer to the RBV prescribing information. No adequate human data 
are available to establish whether or not HARVONI poses a risk to pregnancy 
outcomes. 
Lactation: It is not known whether the components of HARVONI, or their 
metabolites are present in human breast milk, affect human milk production 
or have effects on the breastfed child. The development and health benefits 
of breastfeeding should be considered along with the mother’s clinical 
need for HARVONI and any potential adverse effects on the breastfed child 
from HARVONI or from the underlying maternal condition. If HARVONI is 
administered with RBV, the nursing mother’s information for RBV also applies 
to this combination regimen.  Refer to the RBV prescribing information.
Females and Males of Reproductive Potential: If HARVONI is 
administered with RBV, the information for RBV with regard to pregnancy 
testing, contraception, and infertility also applies to this combination regimen. 
Refer to RBV prescribing information.
Pediatric Use: Safety and effectiveness of HARVONI have not been 
established in pediatric patients.
Geriatric Use: Clinical trials of HARVONI included 225 subjects aged 65 
and over (9% of total number of subjects in the clinical studies). No overall 
differences in safety or effectiveness were observed between these subjects 
and younger subjects, and other reported clinical experience has not identified 
differences in responses between the elderly and younger patients, but 
greater sensitivity of some older individuals cannot be ruled out. No dosage 
adjustment of HARVONI is warranted in geriatric patients.
Renal Impairment: No dosage adjustment of HARVONI is required for 
patients with mild or moderate renal impairment. The safety and efficacy of 
HARVONI have not been established in patients with severe renal impairment 
(eGFR <30 mL/min/1.73m2) or end stage renal disease (ESRD) requiring 
hemodialysis. No dosage recommendation can be given for patients with 
severe renal impairment or ESRD. 
Hepatic Impairment: No dosage adjustment of HARVONI is required for 
patients with mild, moderate or severe hepatic impairment (Child-Pugh Class 
A, B or C). 
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EPCLUSA® (sofosbuvir 400 mg and velpatasvir 100 mg) tablets, 
for oral use

Brief Summary of full Prescribing Information. See full Prescribing 
Information. Rx Only.

BOXED WARNING: RISK OF HEPATITIS B VIRUS REACTIVATION IN 
PATIENTS COINFECTED WITH HCV AND HBV 
Test all patients for evidence of current or prior hepatitis B virus 
(HBV) infection before initiating treatment with EPCLUSA. HBV 
reactivation has been reported in HCV/HBV coinfected patients 
who were undergoing or had completed treatment with HCV direct 
acting antivirals and were not receiving HBV antiviral therapy. Some 
cases have resulted in fulminant hepatitis, hepatic failure, and 
death. Monitor HCV/HBV coinfected patients for hepatitis flare or 
HBV reactivation during HCV treatment and post treatment follow 
up. Initiate appropriate patient management for HBV infection as 
clinically indicated.

INDICATIONS AND USAGE: EPCLUSA is indicated for the treatment of 
adult patients with chronic hepatitis C virus (HCV) genotype 1, 2, 3, 4, 5, or 
6 infection:
• Without cirrhosis or with compensated cirrhosis
• With decompensated cirrhosis for use in combination with ribavirin

CONTRAINDICATIONS
EPCLUSA and ribavirin (RBV) combination regimen is contraindicated  
in patients for whom ribavirin is contraindicated. Refer to the RBV prescribing  
information for a list of contraindications for RBV.

WARNINGS AND PRECAUTIONS:
Risk of HBV Reactivation in Patients Coinfected with HCV and 
HBV:  HBV reactivation has been reported in HCV/HBV coinfected patients 
who were undergoing or had completed treatment with HCV direct acting 
antivirals and who were not receiving HBV antiviral therapy. Some cases have 
resulted in fulminant hepatitis, hepatic failure, and death. Cases have been 
reported in patients who are hepatitis B surface antigen (HBsAg) positive and 
also in patients with serologic evidence of resolved HBV infection (HBsAg 
negative and hepatitis B core antibody (anti-HBc) positive). HBV reactivation 
has also been reported in patients receiving certain immunosuppressant 
or chemotherapeutic agents; the risk of HBV reactivation associated with 
treatment with HCV direct-acting antivirals may be increased in these patients. 
HBV reactivation is characterized as an abrupt increase in HBV replication 
manifesting as a rapid increase in serum HBV DNA level. In patients with 
resolved HBV infection, reappearance of HBsAg can occur. Reactivation 
of HBV replication may be accompanied by hepatitis, i.e., increase in 
aminotransferase levels; and, in severe cases, increases in bilirubin levels, 
liver failure, and death can occur. Test all patients for evidence of current 
or prior HBV infection by measuring HBsAg and anti-HBc before initiating 
HCV treatment with EPCLUSA. In patients with serologic evidence of HBV 
infection, monitor for clinical and laboratory signs of hepatitis flare or HBV 
reactivation during HCV treatment with EPCLUSA and during posttreatment 
follow up. Initiate appropriate patient management for HBV infection as 
clinically indicated.
Serious Symptomatic Bradycardia When Sofosbuvir is  
Coadministered with Amiodarone and Another HCV Direct-  
Acting Antiviral: Postmarketing cases of symptomatic bradycardia 
and cases requiring pacemaker intervention have been reported when 
amiodarone is coadministered with sofosbuvir in combination with  
daclatasvir or simeprevir. A fatal cardiac arrest was reported in a patient 
taking amiodarone who was coadministered a sofosbuvir-containing  
regimen (HARVONI (ledipasvir/sofosbuvir)). Bradycardia has generally  
occurred within hours to days, but cases have been observed up to 2  
weeks after initiating HCV treatment. Patients also taking beta blockers, 
or those with underlying cardiac comorbidities and/or advanced liver  
disease may be at increased risk for symptomatic bradycardia with  
coadministration of amiodarone. Bradycardia generally resolved after  
discontinuation of HCV treatment. The mechanism for this effect is  
unknown. Coadministration of amiodarone with EPCLUSA is not 
recommended. For patients taking amiodarone who have no other  
alternative viable treatment options and who will be coadministered  
EPCLUSA: Counsel patients about the risk of serious symptomatic  
bradycardia; and cardiac monitoring in an in-patient setting for the first 
48 hours of coadministration is recommended, after which outpatient 
or self-monitoring of the heart rate should occur on a daily basis through 
at least the first 2 weeks of treatment. Patients who are taking EPCLUSA 
who need to start amiodarone therapy due to no other alternative viable 
treatment options should undergo similar cardiac monitoring as outlined. 
Due to amiodarone’s long half-life, patients discontinuing amiodarone 
just prior to starting EPCLUSA should also undergo similar cardiac  

monitoring as outlined. Patients who develop signs or symptoms of 
bradycardia should seek medical evaluation immediately. Symptoms 
may include near-fainting or fainting, dizziness or lightheadedness, 
malaise, weakness, excessive tiredness, shortness of breath, chest pains, 
confusion, or memory problems. 
Risk of Reduced Therapeutic Effect Due to Concomitant Use 
of EPCLUSA With Inducers of P-gp and/or Moderate to Potent 
Inducers of CYP: Drugs that are inducers of P-gp and/or moderate  
to potent inducers of CYP2B6, CYP2C8, or CYP3A4 (e.g., rifampin,  
St. John’s wort, carbamazepine) may significantly decrease plasma 
concentrations of sofosbuvir and/or velpatasvir leading to potentially  
reduced therapeutic effect of EPCLUSA.
Risks Associated with RBV and EPCLUSA Combination Treatment  
If EPCLUSA is administered with RBV, the warnings and precautions  
for RBV apply to this combination regimen. Refer to the RBV prescribing 
information for a full list of the warnings and precautions for RBV.

ADVERSE REACTIONS:
Most common adverse reactions (greater than or equal to 10%, all 
grades) with EPCLUSA for 12 weeks were headache and fatigue;  
EPCLUSA and ribavirin for 12 weeks in patients with decompensated  
cirrhosis were fatigue, anemia, nausea, headache, insomnia,  
and diarrhea.
Subjects without Cirrhosis or with Compensated Cirrhosis: The 
adverse reactions data for EPCLUSA in patients without cirrhosis or 
with compensated cirrhosis were derived from three Phase 3 clinical  
trials (ASTRAL-1, ASTRAL-2, and ASTRAL-3) which evaluated a total  
of 1035 subjects infected with genotype 1, 2, 3, 4, 5, or 6 HCV, who 
received EPCLUSA for 12 weeks. The proportion of subjects who  
permanently discontinued treatment due to adverse events was 0.2% 
for subjects who received EPCLUSA for 12 weeks. The most common  
adverse reactions (at least 10%) were headache and fatigue in subjects 
treated with EPCLUSA for 12 weeks. Adverse reactions (all grades)  
reported in ≥5% of subjects receiving 12 weeks of treatment with  
EPCLUSA in ASTRAL-1 were: headache (22%), fatigue (15%),  
nausea (9%), asthenia (5%), and insomnia (5%). Of subjects receiving  
EPCLUSA who experienced these adverse reactions, 79% had an  
adverse reaction of mild severity (Grade 1). The adverse reactions  
observed in subjects treated with EPCLUSA in ASTRAL-2 and  
ASTRAL-3 were consistent with those observed in ASTRAL-1. Irritability 
was also observed in greater than or equal to 5% of subjects treated with 
EPCLUSA in ASTRAL-3.
Subjects with Decompensated Cirrhosis: The safety assessment  
of EPCLUSA in subjects infected with genotype 1, 2, 3, 4, or 6 
HCV with decompensated cirrhosis was based on one Phase 3 trial  
(ASTRAL-4) including 87 subjects who received EPCLUSA with  
ribavirin for 12 weeks. On the first day of treatment with EPCLUSA 
with ribavirin, 6 subjects and 4 subjects were assessed to have Child-
Pugh A and Child-Pugh C cirrhosis, respectively. The most common  
adverse reactions (all grades with frequency of 10% or greater) in  
the 87 subjects who received EPCLUSA with ribavirin for 12 weeks 
were fatigue (32%), anemia (26%), nausea (15%), headache (11%), 
insomnia (11%), and diarrhea (10%). Of subjects who experienced  
these adverse reactions, 98% had adverse reactions of mild to moderate  
severity. A total of 4 (5%) subjects permanently discontinued  
EPCLUSA with ribavirin due to an adverse event; there was no  
adverse event leading to discontinuation that occurred in more than  
1 subject. Decreases in hemoglobin to less than 10 g/dL and 8.5 g/dL  
during treatment were observed in 23% and 7% subjects treated  
with EPCLUSA with ribavirin for 12 weeks, respectively. Ribavirin was  
permanently discontinued in 17% of subjects treated with EPCLUSA  
with ribavirin for 12 weeks due to adverse reactions.
Less Common Adverse Reactions Reported in Clinical Trials: Rash: 
In ASTRAL-1, rash occurred in 2% of subjects without cirrhosis or with 
compensated cirrhosis treated with EPCLUSA for 12 weeks and in 1% 
of subjects treated with placebo. In ASTRAL-4, rash occurred in 5% of 
subjects with decompensated cirrhosis treated with EPCLUSA with RBV 
for 12 weeks. No serious adverse reactions of rash occurred in either  
studies and all rashes were mild or moderate in severity. Depression:  
In ASTRAL-1, depressed mood occurred in 1% of subjects without cirrhosis 
or with compensated cirrhosis treated with EPCLUSA for 12 weeks and was 
not reported by any subject taking placebo. No serious adverse reactions of 
depressed mood occurred and all events were mild or moderate in severity.
Laboratory Abnormalities: Lipase Elevations: In ASTRAL-1, isolated, 
asymptomatic lipase elevations of greater than 3xULN were observed 
in 3% and 1% of subjects treated with EPCLUSA and placebo for 
12 weeks, respectively and in 6% and 3% of subjects treated with  
EPCLUSA in ASTRAL-2 and ASTRAL-3, respectively. In the Phase 3 
trial of subjects with decompensated cirrhosis (ASTRAL-4), lipase was  

assessed when amylase values were ≥1.5xULN. Isolated, asymptomatic  
lipase elevations of greater than 3xULN were observed in 2% of  
subjects treated with EPCLUSA with ribavirin for 12 weeks. Creatine Kinase:  
In ASTRAL-1, isolated, asymptomatic creatine kinase elevations of  
greater than or equal to 10xULN was observed in 1% and 0% of  
subjects treated with EPCLUSA and placebo for 12 weeks, respectively; 
and in 2% and 1% of subjects treated with EPCLUSA in ASTRAL-2  
and ASTRAL-3, respectively. In the Phase 3 trial with 
decompensated cirrhosis (ASTRAL-4), isolated, asymptomatic  
creatine kinase elevations greater than or equal to 10xULN were  
reported in 1% of subjects treated with EPCLUSA with ribavirin for  
12 weeks. Indirect Bilirubin: Increases in indirect bilirubin up to  
3 mg/dL above baseline were noted among HIV-1/HCV coinfected  
subjects treated with EPCLUSA and an atazanavir/ritonavir-based 
antiretroviral regimen. The elevated indirect bilirubin values were not 
associated with clinical adverse events and all subjects completed  
12 weeks of EPCLUSA without dose adjustment or treatment  
interruption of either EPCLUSA or HIV antiretroviral agents.
Postmarketing Experience: Because postmarketing reactions are  
reported voluntarily from a population of uncertain size, it is not  
always possible to reliably estimate their frequency or establish a causal  
relationship to drug exposure. Cardiac Disorders: Serious symptomatic  
bradycardia has been reported in patients taking amiodarone who  
initiated treatment with sofosbuvir in combination with another HCV  
direct-acting antiviral. 

DRUG INTERACTIONS:

Sofosbuvir and velpatasvir are substrates of P-gp and breast cancer  
resistance protein (BCRP) while GS-331007 (the predominant circulating 
metabolite of sofosbuvir) is not. Drugs that are inducers of P-gp and/ 
or moderate to potent inducers of CYP2B6, CYP2C8, or CYP3A4  
(e.g., rifampin, St. John’s wort, carbamazepine) may decrease plasma  
concentrations of sofosbuvir and/or velpatasvir, leading to reduced  
therapeutic effect of EPCLUSA. The use of these agents with EPCLUSA  
is not recommended. EPCLUSA may be coadministered with P-gp, 
BCRP, and CYP inhibitors. Velpatasvir is an inhibitor of drug transporters  
P-gp, BCRP, OATP1B1, OATP1B3, and OATP2B1. Coadministration of  
EPCLUSA with drugs that are substrates of these transporters may  
increase the exposure of such drugs.
Established and Potentially Significant Drug Interactions: 
The drug interactions are based on studies conducted with either  
EPCLUSA, the components of EPCLUSA (sofosbuvir and velpatasvir) 
as individual agents, or are predicted drug interactions that may occur 
with EPCLUSA. This list includes potentially significant interactions but is not 
all inclusive.
Alteration in Dose or Regimen May Be Recommended For The  
Following Drugs When Coadministered With EPCLUSA:
Acid Reducing Agents: Velpatasvir solubility decreases as pH increases.  
Drugs that increase gastric pH are expected to decrease concentration  
of velpatasvir. Antacids: Separate antacid and EPCLUSA administration  
by 4 hours. H

2-receptor antagonists: Doses comparable to famotidine  
40 mg twice daily or lower may be administered simultaneously  
with or 12 hours apart from EPCLUSA. Proton-pump inhibitors:  
Coadministration of omeprazole or other proton pump inhibitors is not 
recommended. If considered medically necessary to coadminister,  
EPCLUSA should be administered with food and taken 4 hours before  
omeprazole 20 mg. Use with other proton pump inhibitors has not  
been studied.
Antiarrhythmics (amiodarone; digoxin): Amiodarone: Coadministration 
of amiodarone with EPCLUSA may result in serious symptomatic  
bradycardia and is not recommended. Mechanism of effect is unknown.
If coadministration is required, cardiac monitoring is recommended.  
Digoxin: Increased concentration of digoxin. Monitor digoxin therapeutic   
concentration during coadministration with EPCLUSA. Refer to  
digoxin prescribing information for monitoring and dose modification  
recommendations for concentrations increases of less than 50%.
 Anticancers (topotecan): Increased concentration of topotecan.  
Coadministration is not recommended
Anticonvulsants (carbamazepine; phenytoin; phenobarbital;  
oxcarbazepine): Decreased sofosbuvir and velpatasvir concentrations 
leading to reduced EPCLUSA effect. Coadministration is not  
recommended.
Antimycobacterials (rifabutin; rifampin; rifapentine): Decreased  
sofosbuvir and velpatasvir concentrations leading to reduced  
EPCLUSA effect. Coadministration is not recommended.
HIV Antiretrovirals (efavirenz; regimens containing tenofovir DF; 

tipranavir/ritonavir): Efavirenz: Decreased concentration of velpatasvir. 
Coadministration of EPCLUSA with efavirenz-containing regimens is 
not recommended. Regimens containing tenofovir disoproxil fumarate 
(DF): Due to increased tenofovir concentrations, monitor for tenofovir- 
associated adverse reactions. Refer to the prescribing information of the 
tenofovir DF-containing product for renal monitoring recommendations.
Tipranavir/ritonavir: Decreased sofosbuvir and velpatasvir concentrations  
leading to reduced EPCLUSA effect. Coadministration is not recommended.
Herbal Supplements (St. John’s wort): Decreased sofosbuvir and 
velpatasvir concentrations. Coadministration is not recommended.
HMG-CoA Reductase Inhibitors (rosuvastatin; atorvastatin): 
Rosuvastatin: Significant increase in rosuvastatin concentrations and 
risk of rosuvastatin associated myopathy, including rhabdomyolysis.  
Rosuvastatin may be administered with EPCLUSA at a dose that does 
not exceed 10 mg. Atorvastatin: Expected increase in atorvastatin  
concentrations and risk of atorvastatin associated myopathy, including  
rhabdomyolysis. Monitor closely for HMG-CoA reductase inhibitor- 
associated adverse reactions, such as myopathy and rhabdomyolysis.
Drugs without Clinically Significant Interactions with  
EPCLUSA: Based on drug interaction studies conducted with the 
components of EPCLUSA (sofosbuvir or velpatasvir) or EPCLUSA, 
no clinically significant drug interactions have been observed with 
the following drugs. EPCLUSA: atazanavir/ritonavir, cyclosporine, 
darunavir/ritonavir, dolutegravir, elvitegravir/cobicistat/emtricitabine/ 
tenofovir alafenamide, emtricitabine, raltegravir, or rilpivirine; Sofosbuvir: 
ethinyl estradiol/norgestimate, methadone, or tacrolimus; Velpatasvir: ethinyl 
estradiol/norgestimate, ketoconazole, or pravastatin. 
Consult the full Prescribing Information prior to and during  
treatment with EPCLUSA for potential drug interactions and use  
with certain HIV antiretroviral regimens; this list is not all inclusive.

USE IN SPECIFIC POPULATIONS:
Pregnancy: If EPCLUSA is administered with RBV, the combination 
regimen is contraindicated in pregnant women and in men whose female 
partners are pregnant. Refer to the RBV prescribing information. No 
adequate human data are available to establish whether or not EPCLUSA 
poses a risk to pregnancy outcomes. 
Lactation: It is not known whether the components of EPCLUSA and its 
metabolites are present in human breast milk, affect human milk production, 
or have effects on the breastfed child. The development and health benefits 
of breastfeeding should be considered along with the mother’s clinical need 
for EPCLUSA and any potential adverse effects on the breastfed child 
from EPCLUSA or from the underlying maternal condition. If EPCLUSA is 
administered with RBV, the nursing mother’s information for RBV also applies 
to this combination regimen.  Refer to the RBV prescribing information.
Pediatric Use: Safety and effectiveness of EPCLUSA have not been 
established in pediatric patients.
Geriatric Use: Clinical trials of EPCLUSA included 156 subjects aged 65 
and over (12% of total number of subjects in the Phase 3 clinical studies). 
No overall differences in safety or effectiveness were observed between 
these subjects and younger subjects, and other reported clinical experience 
has not identified differences in responses between the elderly and younger 
patients, but greater sensitivity of some older individuals cannot be ruled 
out. No dosage adjustment of EPCLUSA is warranted in geriatric patients.
Renal Impairment: No dosage adjustment of EPCLUSA is required for 
patients with mild or moderate renal impairment. The safety and efficacy 
of EPCLUSA have not been established in patients with severe renal 
impairment (eGFR <30 mL/min/1.73m2) or end stage renal disease (ESRD) 
requiring hemodialysis. No dosage recommendation can be given for 
patients with severe renal impairment or ESRD. Refer to RBV prescribing 
information use of ribavirin in patients with renal impairment. 
Hepatic Impairment: No dosage adjustment of EPCLUSA is required for 
patients with mild, moderate, or severe hepatic impairment (Child-Pugh 
Class A, B, or C).  
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