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In the era of potent antiretroviral therapy, neurologic com- 
plications of HIV infection are less severe but are still sur-
prisingly common. Before the availability of antiretroviral 
therapy, approximately 20% of HIV-infected persons died 
with HIV-associated dementia (HAD), the most severe form 
of HIV-associated neurocognitive disorder (or disorders; 
HAND),1 and most individuals who died with HAD and under-
went autopsy were found to have HIV encephalitis.2 HAD is 
now observed in a much smaller proportion of persons (1%-
4%), and HIV encephalitis is, essentially, never seen at autopsy. 

Before the availability of antiretroviral therapy, HIV-infected 
persons were also at increased risk for severe complications 
of opportunistic infections (OIs) such as cytomegalovirus 
infection, toxoplasmosis, and progressive multifocal leukoen-
cephalopathy (PML). Nonetheless, in the era of suppressive 
antiretroviral therapy, there remains a high prevalence of 
primary manifestations (those not due to OIs) of HIV infec-
tion, including persistent HAND and peripheral neuropathy. 
Although severe HAND, in the form of HAD, is much less 

Dr Kolson is Professor of Neurology at University of Pennsylvania in 
Philadelphia, Pennsylvania.

Neurologic complications in persons with HIV infection 
are less severe in the era of potent antiretroviral ther- 
apy but remain highly prevalent. Prior to the use of anti- 
retroviral therapy, opportunistic infections of the central  
nervous system (CNS) and CNS malignancy were com- 
mon. Progressive multifocal leukoencephalopathy (PML),  
however, remains a diagnostic challenge in HIV-infected 
individuals, and no effective antiviral treatment for PML 
is currently available. Primary neurologic complications 
of acute HIV infection include aseptic meningitis and 
acute inflammatory demyelinating polyneuropathy. 
Among the neurologic complications of chronic HIV 
infection, HIV-associated neurocognitive disorders 
(HAND) remain most prevalent. The use of antiretroviral 
therapy has greatly reduced the severity of HAND, under 
which progressive HIV-associated dementia once pre-
dominated, to a milder chronic form of potentially dis-
abling neurocognitive impairment. The persistence of 
HAND in individuals with virologic suppression suggests 
a need for adjunctive therapies for limiting its morbidity. 
This article summarizes a presentation by Dennis Kolson, 
MD, PhD, at the IAS–USA continuing education program, 
Improving the Management of HIV Disease, held in Chi-
cago, Illinois, in May 2017.

Keywords: HIV, HIV-associated neurocognitive disorders, 
HAND, inflammatory demyelinating polyneuropathy, polyneu- 
ropathy, immune reconstitution inflammatory syndrome, IRIS, 
progressive multifocal leukoencephalopathy, PML

Perspective

Neurologic Complications of HIV Infection in the Era  
of Antiretroviral Therapy 

common, a less severe but potentially disabling form termed 
mild neurocognitive disorder (MND) is seen in approximately 
15% of individuals with virologic suppression.1 The preva-
lence of peripheral neuropathy (approximately 30%-40% with 
the earliest antiretroviral regimens), particularly the classic 
distal symmetric polyneuropathy (DSP), has been reduced 
with the use of less toxic antiretroviral regimens.

Dynamics of HIV Infection in the Central  
Nervous System

HIV enters the central nervous system (CNS) early in the 
course of infection, within days to 1 or 2 weeks of systemic 
inoculation. A major entry mechanism is likely transendothe-
lial migration of infected CD4+ T lymphocytes, and another 
potential entry mechanism is migration of infected mono-
cytes.3,4 Within approximately the first 4 months of systemic 
infection, HIV-infected T cells may establish a compartmen-
talized reservoir in which the virus can evolve independently 
from virus in plasma, and there is evidence of the emergence 
of macrophage-tropic virus within the first 2 years of HIV 
infection. Compartmentalization of virus within T cells in 
the CNS is estimated to occur in 20% to 30% of HIV-infected 
persons during this time.4 Monocyte-derived macrophages 
(MDMs), which are found primarily in perivascular areas, 
can also harbor virus that is readily detectable in autopsied 
brains of individuals who died with HIV/AIDS.5 HIV repli-
cation in MDMs is well documented.6 Whether this potential 
CNS compartmentalized HIV reservoir (perivascular macro-
phages) is established through transendothelial migration 
of infected blood monocytes, infection through entry of free 
virions, or cell-mediated virus transfer is controversial.6,7 Evi-
dence suggests that MDMs can phagocytose HIV-infected T 
cells, which has been suggested to lead to a nonproductive 
“infection” without the release of infectious virions.8,9  

Viral replication within the CNS is associated with produc-
tion of proinflammatory cytokines and neurotoxins, including 
glutamate and reactive oxygen species, which indicates a 
state of oxidative stress that likely drives HAND. Uncontrolled 
HIV replication is associated with more severe HAND, and 
well-controlled HIV replication (suppression) is associated 
with less severe HAND. In the pre–antiretroviral therapy 
era, uncontrolled CNS HIV replication was associated with 
profound neuronal apoptosis and dropout in association with 
HIV encephalitis. In the era of suppressive antiretroviral ther-
apy, these characteristic pathologic findings in the CNS are  
no longer observed, suggesting that microscopic structural 
alterations or functional physiologic alterations in neuronal 
populations might contribute substantively to the clinical 
symptomatology of HAND.2 As with systemic HIV infection 
in the context of suppressive antiretroviral therapy, there is 
evidence for immune activation, inflammation, and oxidative 
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observed during HIV seroconversion 3  
to 4 weeks after initial infection, and 
following the symptoms of aseptic  
meningitis (Figure).13,14 Typically, AIDP 
progresses rapidly as a uniphasic ill-
ness over a period of days to fewer 
than 4 weeks. AIDP is characterized by 
a white blood cell count in the cerebro-
spinal fluid of 50/µL or lower and an 
elevated protein level. It presents as  
ascending symmetric motor weakness 
of the distal extremities, with poten-
tially life-threatening respiratory and 
autonomic dysfunction occurring in 
up to one-third of individuals. 

Treatment of AIDP in HIV-infected 
individuals includes plasmapheresis 
and the administration of intravenous 
γ-globulin. Emerging evidence sug-
gests that short-term treatment with 
corticosteroids may be effective when 
AIDP occurs in the setting of immune 
reconstitution inflammatory syndrome 
(IRIS) after initiation of antiretroviral 
therapy.15,16 

Chronic Neurologic Manifesta- 
tions of HIV Infection

Chronic neurologic complications of 
HIV infection include chronic inflammatory demyelinating 
neuropathy (CIDP), DSP, IRIS, PML, and HAND (Figure). Each 
of these complications is discussed below.

Chronic Inflammatory Demyelinating Neuropathy

CIDP is typically observed after 1 or more years of HIV infec-
tion (Figure).14 The condition is marked by motor paralysis 
that may progress slowly over 8 or more weeks or express a 
relapsing or remitting course of exacerbations and remissions. 
CIDP is a demyelinating-remyelinating disease that, in biopsy 
of peripheral nerves, shows evidence of myelin loss followed 
by partial remyelination in what is described pathologically as 
“onion bulb formation,” reflecting new layers of myelin at the 
nerve terminal. 

Treatment of CIDP includes plasmapheresis and admin-
istration of intravenous γ-globulin or corticosteroids, and 
responses to these treatments among HIV-infected individuals 
are generally similar to those among uninfected individuals.14 
However, data from a recent study suggest that corticoste-
roids might be somewhat more effective among HIV-infected 
individuals than among uninfected individuals.17 

Distal Symmetric Polyneuropathy

The most common neuropathic problem in people with 
HIV infection, whether or not they are taking antiretroviral 

stress in the CNS of individuals with virologic suppression. 
“Blips” of viral replication within the CNS compartment (cere- 
brospinal fluid) are detected in approximately 15% of indi- 
viduals on suppressive antiretroviral therapy, as they are dur- 
ing systemic infection, and such blips are associated with bio-
markers of monocyte-macrophage activation.10 The possible 
role of blips in the pathogenesis of HAND remains unclear. 

Early Neurologic Manifestations of Acute  
HIV Infection

Acute CNS HIV infection can be associated with aseptic men- 
ingitis and the rarer acute inflammatory demyelinating poly-
neuropathy (AIDP) syndrome (Figure). Aseptic meningitis 
typically occurs within the first 10 to 20 days after systemic 
HIV infection in up to 25% of individuals.11 Classic symptoms 
of aseptic meningitis are headache, fever, and stiff neck, 
which are self-limited over a 2- to 4-week period. Individu-
als are generally HIV antibody negative during this time,12 
and the diagnosis of HIV infection is often missed in those 
presenting with such symptoms. 

Acute Inflammatory Demyelinating Polyneuropathy

AIDP, also called Guillain-Barré syndrome, occurs in less than  
1% of HIV-infected individuals and is likely to go undiag- 
nosed in the primary care setting. Onset of AIDP is most often 
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therapy, is classically recognizable DSP.18,19 DSP is thought 
to have at least 2 etiologies: 1) peripheral nerve injury 
associated with replication of virus in macrophages within 
the dorsal root ganglia or within macrophages in the periph-
eral nerves20; and 2) neurotoxic effects of antiretroviral drugs. 
A primary culprit in the latter regard was the nucleoside ana-
logue reverse transcriptase inhibitor stavudine, although 
other nucleoside reverse transcriptase inhibitors (didanosine 
and zalcitabine) and, occasionally, protease inhibitors (indi-
navir, saquinavir, and ritonavir) are also associated with DSP.21 
Although the prevalence of DSP resulting from the toxic 
effects of antiretroviral therapy has decreased with the use of 
newer treatments, DSP persists in some individuals, perhaps 
because of damage resulting from residual effects of HIV repli-
cation or past use of neurotoxic antiretroviral therapy.14,21 

In contrast to demyelinating polyneuropathies, this axo-
nal neuropathy is characterized by burning pain in the distal 
extremities following a stocking-glove distribution and is often 
without motor manifestations. DSP is easily distinguished 
from demyelinating neuropathies in nerve conduction stud-
ies. However, DSP is often mistaken for diabetic neuropathy 
in people with type 2 diabetes. 

DSP is not readily treatable. Antiepileptic drugs (eg, gaba-
pentin, lamotrigine, and pregabalin) have been used to treat 
DSP, but evidence of the benefits of such treatments is weak. 
However, single-dose applications of high-dose, topical capsa-
icin to the soles and sides of affected feet reportedly provided 
relief in up to 30% to 40% of individuals over a 12-week 
period.22 Thus, several annual treatments of high-dose, topi-
cal capsaicin may be appropriate for some people. 

Immune Reconstitution Inflammatory Syndrome

IRIS in the CNS is most common approximately 1 to 6  
months after the initiation of suppressive antiretroviral ther-
apy (Figure), particularly in individuals who begin therapy 
with a lower CD4+ cell count and higher viral load.23 Find-
ings can be vague and symptoms may range from mild (eg, 
headaches and some dizziness) to very severe (eg, encepha-
lopathy, disorientation, delirium, coma, and stupor). CNS 
IRIS results from heightened immunologic and inflammatory 
responses, generally in the setting of a history of infection 
with opportunistic pathogens. However, IRIS can also occur 
in HIV-infected individuals with exposed CNS antigens 
from other causes, as in the case of multiple sclerosis24 or 
stroke.25 Thus, the diagnosis of CNS IRIS may be missed in 
individuals with no history of OIs. The prevalence of CNS 
IRIS is approximately 1% among all HIV-infected individuals 
initiating antiretroviral therapy, but up to 30% or higher in 
those initiating therapy with a history of concurrent or ante-
cedent cryptococcal meningitis, tuberculosis, or PML.23,26 

CNS IRIS is diagnosed using magnetic resonance imag-
ing (MRI) of the brain, with administration of intravenous 
gadolinium to detect regional defects in the blood-brain 
barrier consistent with inflammation. Treatment for IRIS-
related complications includes supportive care, treatment of 
an underlying OI if one is present, and abscess drainage in 

cases of cryptococcal meningitis with increased intracra-
nial pressure. Treatment with steroids has reportedly been 
helpful, and available evidence suggests that intravenous 
methylprednisolone for several days up to a week followed 
by oral prednisone tapered over the course of 2 to 3 weeks 
may be beneficial.23 Results from the COAT (Cryptococcal 
Optimal ART Timing) trial demonstrated that delaying anti-
retroviral therapy after the initial diagnosis and treatment of 
cryptococcal meningitis substantially reduced mortality from 
all causes, including CNS IRIS.27 Recent HIV treatment guide-
lines recommend delaying initiation of antiretroviral therapy 
at least until after completion of antifungal induction ther- 
apy (2 weeks)28 and even through completion of consolida- 
tion therapy (10 weeks) for individuals with increased intra- 
cranial pressure or low white blood cell counts in cerebro- 
spinal fluid.29 

Progressive Multifocal Leukoencephalopathy

Asymptomatic infection with JC virus, which causes PML, 
is widespread in the general population (70%-80%), and 
among HIV-infected populations not receiving antiretroviral 
therapy, the prevalence of PML is approximately 4%. With 
suppressive antiretroviral therapy, the incidence of PML has 
decreased from approximately 10 cases per 1000 person-
years to 1 case per 1000 person-years,30 with a 1-year fatality 
rate of approximately 30% in antiretroviral therapy–expe-
rienced individuals. 

The diagnosis of PML requires a high level of clinical suspi-
cion, as its clinical symptoms and radiographic features are 
sometimes mistaken for an acute stroke. PML is characterized 
by changes in white matter that can often be observed early 
in the occipital areas of the brain, although other regions are 
also affected. PML lesions tend to be large and expand over 
time, unlike those observed with stroke. PML is sometimes 
confused with stroke because of the slow evolution of hemi-
paresis in association with memory loss, slurred speech, and 
dysarthria, which mimic a slowly evolving stroke. However, 
in clinical presentation, PML is accompanied by seizures 
in 15% to 30% of cases, in comparison with classic cortical 
stroke, in which seizure frequency is estimated at approxi-
mately 3% to 6%.31 Further, PML is often accompanied by 
visual symptoms including blind spots in visual fields, reflect-
ing occipital predominance. 

There are no known effective direct antiviral treatments 
for PML; studies of treatment with intrathecal cytosine 
arabinoside and cidofovir have failed to show benefit. How-
ever, reconstitution of immune function with suppressive 
antiretroviral therapy is associated with increased long-
term survival.30  

HIV-Associated Neurocognitive Disorders 

HAND and DSP remain the most common HIV-associated 
neurologic complications in the era of suppressive antiretrovi-
ral therapy. HAND is believed to largely reflect the persistence 
of immune activation, inflammation, and oxidative stress 
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in the CNS despite viral suppression. The risk of developing 
HAND might increase with age in the HIV-infected population.1 
Studies of cerebrospinal fluid and plasma in individuals with 
HAND have shown elevated low-molecular-weight neurofila-
ment in the CNS, indicating neuronal damage, and elevated 
soluble CD163 and neopterin (markers of monocyte-macro-
phage activation) in plasma and the CNS. Historically, the best 
plasma biomarker for risk of HAND has been nadir CD4+ cell 
count, but soluble CD163 may take its place. 

Diagnosis of HAND is based on formal neuropsycho-
logic testing using the Frascati criteria32 and assessment of 
activities of daily living. HAND often goes undiagnosed in 
individuals who present without overt symptoms of demen-
tia. Although the prevalence of HIV-associated dementia 
has declined in the era of suppressive antiretroviral therapy, 
MND (the less severe form of HAND) still functionally impairs 
approximately 20% of individuals with virologic suppression.1 
Individuals with MND, by definition, suffer cognitive dysfunc-
tion and functional impairment in certain activities of daily 
living. There are no typical MRI findings for HAND, although 
approximately one-third of individuals exhibit abnormali-
ties in white matter, distinct from those seen in PML, with or 
without brain atrophy. 

There are conflicting reports on the effectiveness of using 
antiretroviral regimens with increased CNS antiviral effi- 
cacy to treat or prevent HAND, using a scaling system that 
estimated antiviral activity of antiretroviral drugs within the 
CNS compartment (CNS penetration effectiveness [CPE]).33 
There are currently no clear recommendations for altering 
antiretroviral regimens based on CPE.34 That antiretroviral 
drugs may directly induce oxidative stress and neuronal dam-
age in the CNS, as they have been shown to do in studies in 
vitro, remains a concern. 

Intensification of antiretroviral therapy may currently be 
the best hope for managing and perhaps decreasing the prev-
alence of HAND. Intensification of antiretroviral therapy with 
maraviroc led to improvements in neurocognitive dysfunc-
tion over a 12-month period.35 The large AIDS Clinical Trials 
Group 5324 study, which is currently enrolling participants, 
will examine the effects of intensification of antiretroviral 
therapy with dolutegravir and maraviroc on neurocognitive 
performance in individuals with HAND. 

Adjunctive Neuroprotective Strategies 

The future of treatment for HAND is likely to involve adjunc-
tive therapies to control neuroinflammation and oxidative 
stress, in addition to antiretroviral therapy. Studies of the 
brains of individuals who have died with HIV infection have 
identified what might be a unique brain “signature” in those 
with HAND: a deficiency of the cytoprotective enzyme heme 
oxygenase-1.36 Heme oxygenase-1 is a rapidly inducible en- 
dogenous cytoprotective enzyme that serves to reduce cyto-
toxic injury in cells undergoing oxidative stress from a variety 
of insults. Therapeutic strategies for increasing heme oxygen-
ase-1 expression in several inflammatory diseases are being 
pursued in preclinical and in vitro studies. Other adjunctive 

neuroprotective strategies for HAND that target pathways of 
inflammation and immune activation have been suggested.1 

Summary

The acute neurologic complications of HIV infection (eg, 
meningitis and AIDP) have not changed since the availabil-
ity of suppressive antiretroviral therapy, although several of 
the chronic neurologic complications have changed. Oppor-
tunistic CNS infections, including PML, are now rare, although 
PML risk might increase with advancing age. DSP from the 
toxic effects of antiretroviral drugs has decreased, but DSP 
attributed to the damaging effects of HIV replication (pre– 
or post–antiretroviral therapy) in the dorsal root ganglia or 
peripheral nerves might represent a separate and persistent 
contributor to this condition. HAND is less severe with sup-
pressive antiretroviral therapy but is still common enough to 
represent a significant morbidity among HIV-infected indi-
viduals, and its prevalence might increase with the advancing 
age of this population. 

Presented by Dr Kolson in May 2017. First draft prepared from tran-
scripts by Matthew Stenger. Reviewed and edited by Dr Kolson in 
July 2017.
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 UPCOMING ACTIVITIES

Drug-Drug Interactions and HIV/Hepatitis C Virus Coinfection—August 31, 2017
Presenter:  Jennifer J. Kiser, PharmD, University of Colorado

Finding and Eliminating the HIV Reservoir—September 7, 2017
Presenter: Daniel C. Douek, MD, PhD, National Institutes of Health

Practical Management Approaches for Transgender Patients at Risk for HIV Infection— 
October 24, 2017
Presenter: Tonia C. Poteat, PhD, PA, The Johns Hopkins University

Sexually Transmitted Infections and HIV Disease—October 26, 2017
Presenter: Dana W. Dunne, MD, Yale University

IAS–USA Live Courses
Full- and half-day CME courses and workshops continue to feature cutting-edge, scientifically rigor-
ous topics presented by leading experts in the fields of HIV and hepatitis C virus (HCV) medicine. 
Visit the IAS–USA website for up-to-date information. This fall, IAS–USA live courses focusing on 
the management of HCV infection will be held in:

Little Rock, Arkansas, Half-Day HCV Workshop—September 18, 2017

Nashville, Tennessee, Half-Day HCV Workshop—September 29, 2017

New York, New York, Full-Day HIV/HCV Course—October 20, 2017

Louisville, Kentucky, Half-Day HCV Workshop—November 17, 2017

Milwaukee, Wisconsin, Half-Day HCV Workshop—November 28, 2017

Oklahoma City, Oklahoma, Half-Day HCV Workshop—November 29, 2017

      Year-Round    Cases on the Web
 A series of web-based, case-driven CME activities, created to offer convenient online access to top- 
quality professional education. Visit the IAS–USA website for a full list of Cases on the Web activities. 
Recent activities address the following topics:

Immunizations for HIV-Infected Persons
Authors: Brian T. Montague, DO, MS, MPH, University of Colorado; Steven C. Johnson, MD,  
University of Colorado. Released July 13, 2017.

Initial Antiretroviral Therapy in the HIV-Infected Patient 
Authors: Jameela J. Yusuff, MD, MPH, FACP, State University of New York; Katharine Kuntz, MD,  
State University of New York. Released March 6, 2017.

Dates above may be subject to change. IAS–USA announcements are paperless, so please watch for 
e-mail updates or visit www.iasusa.org for course information, agendas, and online registration, or to 
access archives of educational resources from past activities. 

These activities have been approved for AMA PRA Category 1 Credit™. 

Coming Soon

Summer and 
Fall 2017

       Interactive Webinars With IAS–USA Faculty
         Live, interactive continuing medical education (CME) in the comfort of your home or office, free  

of charge. Participants can ask questions and receive responses in real time. Visit the IAS–USA  
website for details. Upcoming webinars will cover the following topics: 

http://www.iasusa.org/attend
http://www.iasusa.org/attend
http://www.iasusa.org/cow
http://www.iasusa.org
http://www.iasusa.org/webinars
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Viral resistance to hepatitis C virus (HCV) direct-acting antivi-
ral (DAA) drugs has emerged as an important consideration 
to optimal DAA use during treatment of HCV infection. The 
replication dynamics of HCV in chronically infected humans 
combines a high rate of viral production with an error-prone 
RNA polymerase, providing a favorable setting for the emer-
gence and enrichment of viral nucleotide substitutions that 
confer resistance to specific drugs or drug classes, particu-
larly under drug selection pressure. Although, in theory, all 
resistance-associated substitutions (RASs) in all HCV proteins 
are generated daily in an infected individual,1 RASs that have 
clinical impact are much more limited. These limitations are 
determined by drug class, viral genotype, replication fitness 
conferred by the RAS, and patient characteristics such as 
prior HCV treatment and the 
presence of cirrhosis. 

Most data on the impact  
and selection of RASs con- 
cern HCV genotype 1 infec-
tion, and to a lesser extent, 
genotype 3 infection. Certain 
polymorphisms that confer  
resistance to some DAA drug 
classes are present with 
other HCV genotypes (eg, 
genotype 2). However, these 
polymorphisms have limited 
clinical impact and there is 
a lack of commercially avail- 
able diagnostic testing op-
tions. In HCV genotype 1 
infection, viral subtype plays 
an important role in the 

Dr Wyles is Chief of the Infectious Diseases Division at Denver Health Medical Center and Associate Professor of Medicine at The University of 
Colorado. Dr Luetkemeyer is Associate Professor at Zuckerberg San Francisco General, University of California San Francisco. 

Viral resistance to direct-acting antiviral drugs may im- 
pact their effectiveness during treatment of hepatitis C  
virus (HCV) infection. Most data on HCV drug resistance  
concern genotypes 1 and 3. The clinical impact of resis- 
tance to HCV nonstructural protein 5A (NS5A) inhibitors 
and a practical approach to indications and methods for 
resistance testing are discussed.

Keywords: hepatitis C virus, HCV, resistance, resistance-
associated substitution, RAS, mutations, HCV treatment, HCV 
retreatment, direct-acting antiviral, NS5A 
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Understanding Hepatitis C Virus Drug Resistance: Clinical 
Implications for Current and Future Regimens 
David L. Wyles, MD; Anne F. Luetkemeyer, MD 

prevalence of preexisting (baseline) nonstructural protein 
5A (NS5A) RASs and their clinical impact.2 

Of the major HCV antiviral drug classes, there is only com-
pelling evidence for the impact of NS5A inhibitor RASs on 
treatment outcome. The RASs impacting the NS5B nucleotide 
inhibitor sofosbuvir are not present in individuals who are not 
exposed to this drug, and these RASs emerge infrequently 
(in approximately 1%) in those whose therapy with this drug 
has failed.3,4 The signature NS5B mutation, S282T, confers a 
modest level of resistance based on in vitro data (3×-10× 
fold-change in median effective concentration [EC50]) and is 
unfit for viral replication (replication fitness approximately 
8% of wild-type).3 However, clinically, S282T has not been 
shown to impact the efficacy of sofosbuvir. Thus, there is no 
current role for NS5B resistance testing in treatment-naive or 
-experienced individuals.

Clinically significant RASs to NS3 protease inhibitors (PIs) 
are also rare in the absence of prior drug exposure. Although 
much attention has been paid to the Q80K polymorphism 
in HCV genotype 1a, current evidence does not support a 
substantial effect of this variant on responses to treatment 
with simeprevir plus sofosbuvir at recommended durations, 
with the exception of treatment-experienced individuals with 
cirrhosis, for whom Q80K testing is recommended.5 Further, 
no impact is expected of the Q80K polymorphism on other 
NS3 inhibitors such as ritonavir-boosted paritaprevir and 

Table 1. Resistance-Associated Substitutions in the Hepatitis C Virus (HCV) Nonstructural 
Protein 5A (NS5A) Gene Associated With Resistance to NS5A Inhibitors, by Genotypea 

HCV Genotype

1a 1b 3

Resistance-
associated  
substitutions

K 24 E/R/N

M 28 A/T/G/V

Q 30 R/K/E/H/L/Y/G/T/D/I

L 31 M/V/F

H 54 R

H 58 D/P/R

E 62 D

Y 93 H/N/C/S/F/L

M/L 28 M/G/T

R 30 H

L 31 V/M/F/I

P 58 S

Y 93 H/N/C/S/R

A 30 K

L 31 I/F

Y 93 H

 aThe letter preceding the number is the wild-type amino acid; the number is the position on the gene; and the 
letter or letters after the position are the amino acid substitution(s) at that position that are associated with 
NS5A inhibitor resistance.
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provides a detailed assessment of RASs but, at the 1% thresh-
old, is too sensitive for optimal clinical decision making. 
Population (or Sanger) sequencing generates an average se-
quence for a viral population. Substitutions must be present 
in a substantial proportion of viral sequences to be identi-
fied, generally, 15% to 25% of the viral population. The risk 
with this approach is that, in theory, clinically significant mi-
nority RASs may be missed.

In studies in which a 1% UDS threshold was compared 
with either population sequencing or with a 10% to 15% UDS 
threshold, better discrimination between clinically significant 
and insignificant baseline NS5A RASs was obtained with 
population sequencing and a 10% to 15% threshold UDS ap-
proach.10,14 Data from a comprehensive study of baseline 
RASs in individuals treated with coformulated (indicated 
with a /) ledipasvir/sofosbuvir indicated that the difference 
between 10% and 15% UDS cutoffs was minimal.15 Com-
mercially available HCV resistance tests in the United States 
utilize a population sequencing assay (Quest Diagnostics, 
Madison, New Jersey) or a UDS assay with substitutions called 
at the 10% level (LabCorp/Monogram Biosciences, South San 
Francisco, California). Currently, such testing is only available 
for HCV genotypes 1a, 1b, and 3. 

Considerations for Resistance Testing for NS5A 
Inhibitor Treatment–Naive Individuals With HCV 
Genotype 1 Infection 

For individuals with HCV genotype 1 infection who have 
not been exposed to an NS5A inhibitor, NS5A RAS testing 

grazoprevir. NS3 RASs emerge in approximately 50% (range, 
25%-78%) of cases of virologic failure of a PI-containing regi-
men,6,7 with the most prominent variants at positions 155, 
156, and 168. The R155K variant is only observed in genotype 
1a HCV and does not impact the activity of grazoprevir.8 By 
contrast, variants of D168 and A156 are the most clinically 
relevant, as they emerge with relative frequency, impact the 
activity of all currently available HCV PIs, and are observed in 
both genotype 1a and 1b infections. Fortunately, most vari- 
ants at these positions display poor replicative fitness in vitro 
and are lost rapidly following removal of drug selective pres-
sure.6,7 It is not known if previously selected variants can still 
impact subsequent therapy once they are no longer detect-
able by sequencing. 

RASs in NS5A are the most important clinically. The 
major RASs are depicted in Table 1. General characteristics 
of NS5A RASs are outlined in the Box. Substantial cross-
resistance among currently available NS5A inhibitors is also 
notable. RASs at key positions (28, 30, 31, and 93) in HCV 
genotype 1a result in broad cross-resistance to early genera-
tion NS5A inhibitors. Exceptions include the lack of impact of 
the L31M RAS on ombitasvir and of the M28V RAS on elbas-
vir or ledipasvir.8-10 Although velpatasvir is less impacted by 
these NS5A RASs, Y93H/N RASs in genotype 1a still confer 
high levels of resistance to this drug.11 The investigational 
next-generation NS5A inhibitors pibrentasvir (ABT-530) 
and ruzasvir (MK-8408), which are anticipated to become 
available in the next year, retain activity against all of the key 
single-position NS5A RASs in HCV genotypes 1a and 1b and, 
therefore, may retain activity despite resistance to current 
NS5A inhibitors.12,13 

Nomenclature and Identification of Resistance

The prevalence and clinical impact of RASs correlate with 
how RASs are defined and the sequencing methods used to 
detect them within RNA quasispecies. In order of decreasing 
prevalence, the RASs studied for NS5A are: 1) NS5A inhibitor 
resistance–associated polymorphisms, defined as any varia-
tion from the consensus sequence at all positions associated 
with resistance to any NS5A inhibitor (a specific amino acid 
change does not necessarily impact the in vitro activity of 
any NS5A inhibitor); 2) NS5A inhibitor class RASs, defined 
as amino acid variants at all positions associated with resis-
tance to any NS5A inhibitor that confer in vitro resistance 
to at least 1 NS5A inhibitor; and 3) NS5A drug-specific RASs, 
defined as amino acid variants that impact the activity in 
vitro of a specific drug. The threshold for considering the im-
pact of RASs on a specific drug varies based on the in vitro 
fold-change in EC50 and ranges from 2× to 20× or even 
100× fold-change in EC50 (see Table 2).  

Assays vary in their threshold for detecting NS5A RASs. 
Ultradeep sequencing (UDS, or next-generation sequencing) 
allows the detection of RNA substitutions present in 1% of 
the viral population (subject to the input RNA and number of 
reads obtained). This technique is often used in research sup-
porting clinical drug–development programs. This approach  

Box. Characteristics of Nonstructural Protein 5A (NS5A) 
Resistance-Associated Substitutions (RASs)

• Baseline (ie, prior to drug exposure) NS5A RASs are rela-
tively prevalent (13% prevalence in genotype 1a infec-
tion,15 18% prevalence in genotype 1b infection,15 and 
12%-17% prevalence in genotype 3 infection11,22). 

• The clinical impact of baseline NS5A RASs varies by 
hepatitis C virus (HCV) genotype and subtype, with the 
largest impact in genotype 1a and 3 infections.  

• Key NS5A RASs by genotype are: 
- Genotype 1a. M28A/T/V, Q30E/H/K/R, L31M/V,  

   and Y93C/H/N 
- Genotype 1b. L31I/M/V and Y93H
- Genotype 3. A30K and Y93H 

• Patient characteristics, including the presence of cirrho-
sis and prior HCV treatment (non-NS5A inhibitor based), 
increase clinical impact of NS5A RASs.

•  Following failed NS5A-based treatment, the majority of 
individuals have HCV with NS5A RASs (75%-90%).4,6,7

•  NS5A RASs persist in most individuals for more than 2 
years.6,24

•  The impact of NS5A RAS is relative and can often be 
overcome by increasing the length of therapy and/or by 
adding ribavirin.18
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is generally only indicated in those with genotype 1a before 
treatment with elbasvir/grazoprevir and is a consideration 
for those with genotype 1a who will receive a ledipasvir/so-
fosbuvir–based regimen and have cirrhosis or whose prior 
treatment (non–NS5A inhibitor based) failed (see Table 3). 

Baseline NS5A resistance to elbasvir (RASs conferring >5-
fold reduced susceptibility) is infrequent, occurring in 5% 
of individuals tested with population-level sequencing.14 
However, when elbasvir RASs were present, sustained viro-
logic response 12 weeks after cessation of treatment (SVR12)  
decreased to 58%, compared with 98% in those without elbas-
vir RASs. Thus, NS5A testing is recommended for individuals 
infected with HCV genotype 1a considering treatment with 
elbasvir/grazoprevir. If elbasvir RASs are identified, therapy 
with elbasvir/grazoprevir should be extended to 16 weeks 
and weight-based ribavirin should be added, or an alterna-
tive regimen should be selected if available.16,17 This guidance 
is extrapolated from data on individuals with HCV genotype 
1a infection and prior nonresponse to treatment who were 
treated with 16 or 18 weeks of elbasvir/grazoprevir, 100% of 
whom attained an SVR12 regardless of the presence of elbas-
vir RASs. Elbasvir RASs for genotype 1a are M/L28T/A/G, Q/
R30E/H/R/G/K/L/D, L31M/V/F, H58D, and Y93C/H/N/S. 

NS5A RAS testing may be considered for individuals with 
genotype 1a infection who plan to take ledipasvir/sofosbuvir 
and have cirrhosis or are treatment experienced (see Table 3), 
as RASs may impact the duration of therapy and the need for 
addition of ribavirin. For treatment-experienced individuals, 
the presence of baseline RASs with greater than 100-fold 
reduced susceptibility to ledipasvir was associated with an 
SVR12 of 64.7% with 12 weeks of treatment with ledipasvir/
sofosbuvir, compared with an SVR12 of 97.4% for those 
with no NS5A RASs and 100% for those with RASs confer-
ring less than 100-fold reduced susceptibility to ledipasvir.18 
Extending treatment with ledipasvir/sofosbuvir to 24 weeks 
or adding ribavirin to a 12-week course of ledipasvir/

sofosbuvir mitigated the effect of baseline NS5A RASs. Simi-
larly, individuals with cirrhosis, genotype 1a infection, and 
ledipasvir RASs with greater than 100-fold reduced suscepti-
bility had a decreased SVR12 of 92% if treatment naive and 
SVR12 of 67% if treatment experienced.18 Adding ribavirin or 
extending treatment with ledipasvir/sofosbuvir to 24 weeks 
mitigated the impact of NS5A RASs. In contrast, data from 
registrational trials of sofosbuvir/velpatasvir have not demon-
strated an impact of baseline NS5A RASs on HCV cure rate in 
individuals with HCV genotype 1 infection, including in those 
who experienced a prior treatment failure (non–NS5A inhibi-
tor based) or those with cirrhosis. Thus, NS5A RAS testing 
is not recommended before use of sofosbuvir/velpatasvir in 
these populations.19 

Considerations for Resistance Testing for NS5A 
Inhibitor Treatment–Naive Individuals With HCV 
Genotype 3 Infection

Genotype 3 HCV infection is the second most prevalent 
HCV infection globally, and highly efficacious DAA therapy 
(>95% SVR) remains elusive in some populations such as 
those with cirrhosis or prior treatment experience. Recom-
mended regimens for individuals with genotype 3 infection 
include sofosbuvir plus daclatasvir and sofosbuvir/velpatasvir. 
Data on the impact of baseline NS5A RASs on the outcome of 
NS5A inhibitor–containing therapy are limited. Further, clear 
data on appropriate therapeutic modifications to mitigate the 
impact of baseline RASs do not exist. The NS5A RAS of most 
clinical importance in HCV genotype 3 is Y93H, which confers 
a high level of resistance to daclatasvir and to velpatasvir.19,20 
The prevalence of the Y93H RAS is 5% to 10% for individu-
als with HCV genotype 3 infection and no prior exposure to 
NS5A inhibitors.21 In the case of virologic failure following ex-
posure to an NS5A inhibitor, the Y93H RAS emerges in the 
vast majority of individuals with HCV genotype 3 infection. 

Table 2. Fold-Changes in EC50 for Select Resistance-Associated Substitutions for HCV Drugs, by Genotypea  

HCV Drug Fold-Change

RASs in HCV Genotype 1a RASs in HCV Genotype 1b

M28T Q30R L31M L31V Y93H Y93N L31V Y93H Y93N

Daclatasvir >100× >1000× >100× >1000× >1000× >10,000× <10× 20× 50×

Elbasvir 20× >100× >10× >100× >1000× >1000× <10× >100× NA

Ledipasvir 20× >100× >100× >100× >1000× >10,000× >20× >100× NA

Ombitasvir >1000× >100× <3× >100× >10,000× >10,000× <10× 20× 50×

Pibrentasvir <3× <3× <3× <3× <10× <10× <3× <3× <3×

Ruzasvirb <10× <10× <10× <10× <10× <10× <10× <10× <10×

Velpatasvir <10× <3× 20× 50× >100× >1000× <10× <3× NA

Abbreviations: EC50, median effective concentration; HCV, hepatitis C virus; NA, data not available; RAS, resistance-associated substitution. 
 aRASs highlighted in red are more likely to confer a clinical impact due to the high fold-change. RASs highlighted in orange have an intermediate impact 
on efficacy. RASs highlighted in shades of green are not likely to have a clinically significant impact. 
 bInvestigational drug.
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Daclatasvir Plus Sofosbuvir 

The impact of baseline NS5A RASs on treatment with dacla-
tasvir plus sofosbuvir for individuals with HCV genotype 3 
infection was suggested by results from the ALLY-3 study.22 
The SVR12 among participants treated with daclatasvir plus 
sofosbuvir (without ribavirin) was 92% in those without base-
line NS5A RASs and 54% in those with baseline NS5A RASs. 
The presence of cirrhosis also impacted the response to this 
regimen. However, given the small number of participants 
with both cirrhosis and baseline NS5A RASs (n = 4; SVR12 
of 25%), the relative contribution of each is difficult to dis-
cern. An SVR12 of 67% was observed in participants without 
cirrhosis but with the Y93H RAS. The addition of ribavirin 
improved SVR12 in participants with cirrhosis to 86% (12-16 
weeks of therapy).23 

Given these data, the presence of NS5A RASs may im-
pact therapeutic approaches for treatment-naive persons 
with cirrhosis or treatment-experienced persons without cir-
rhosis, and baseline NS5A RAS testing is recommended for 
these populations. Identification of the Y93H variant should 
prompt the addition of ribavirin in the absence of absolute 
contraindications. Twelve weeks of therapy with daclatasvir 
plus sofosbuvir is recommended for individuals without cir-
rhosis, and 24 weeks of therapy is recommended for those 
with cirrhosis, given the suboptimal response of 86% with 12 
to 16 weeks of daclatasvir plus sofosbuvir with ribavirin. The 
role of RAS testing for treatment-naive individuals with HCV 
genotype 3 infection without cirrhosis is unclear.

Sofosbuvir/Velpatasvir

Velpatasvir has an improved resistance profile compared 
with early generation NS5A inhibitors, although the Y93H 
variant in HCV genotype 3 infection still confers a high level 
of resistance (>100×EC50) to velpatasvir.11 In the ASTRAL-3 
study, which evaluated 12 weeks of treatment with sofosbu-
vir/velpatasvir, SVR12 was 88% (28/32) in participants with 
baseline velpatasvir-specific RASs (A30H/K, L31F/M, and 
Y93H), compared with 97% in those without NS5a RASs. Of 

the 4 participants whose treatment failed, 3 had the Y93H 
RAS and 1 had the A30K RAS before treatment. The overall 
SVR12 rate was 84% (21/25) for participants with a baseline 
Y93H RAS (1% cutoff used with identification of 1 additional 
Y93H RAS). Given the lower SVR12 (89%) in treatment-ex-
perienced individuals with cirrhosis than in treatment-naive 
individuals without cirrhosis (97%), the addition of ribavirin 
is recommended a priori for those with both treatment ex-
perience and cirrhosis.16 Therefore, resistance testing is not 
advised for this population, as it would not change the recom-
mended treatment. 

However, resistance testing should be considered for 
treatment-experienced individuals without cirrhosis and 
treatment-naive individuals with cirrhosis. Ribavirin should 
be added if the Y93H RAS is detected, or therapy can be ex-
tended to 24 weeks if ribavirin cannot be added. 

RAS Testing at Time of Failure of NS5A Inhibitor–
Based Treatment

Cure rates with NS5A inhibitor–based regimens are remark-
ably high. However, when NS5A inhibitor–based treatment 
fails, NS5A RASs frequently emerge. More than 90% of in-
dividuals have NS5A resistance mutations at the time of 
failure of treatment with ledipasvir-, elbasvir-, or ombitasvir- 
containing therapies. Such mutations may persist for years (86%  
were still detectable 96 weeks after the failure of ledipasvir- 
containing treatment24). Therefore, NS5A resistance testing is 
recommended at the time of failure of NS5A inhibitor–based 
treatment and still may be useful months to years afterward, 
given the persistence of NS5A RASs. Current guidance also 
recommends HCV NS3 PI resistance testing to inform treat-
ment options for individuals pursuing retreatment,16 with 
particular attention to the Q80K mutation, which impacts 
response to simeprevir in those with cirrhosis.25 Given that 
HCV NS3 PI RASs wane more quickly than NS5A RASs,7 it 
may be advisable to obtain NS3 PI RAS testing at the time of 
treatment failure even if retreatment is not planned, to docu-
ment the presence of PI mutations that could impact future 

Table 3. Recommendations for NS5A RAS Testing by Regimen and Clinical Characteristics (Treatment Experience and Cirrhosis)

HCV Genotype 1a HCV Genotype 1b HCV Genotype 3

TN TEa TN TEa TN TEa

HCV Regimen NC C NC C NC C NC C NC C NC C

Elbasvir/grazoprevir b + + + + − − − − NA NA NA NA

Ledipasvir/sofosbuvir b − +/− +/− +/− − − − − NA NA NA NA

Paritaprevir/ritonavir/ombitasvir b plus 
dasabuvir

− − − − − − − − NA NA NA NA

Sofosbuvir plus daclatasvir − − − − − − − − − + + −

Sofosbuvir/velpatasvir b − − − − − − − − − + + −
Abbreviations: +, resistance testing recommended; +/-, resistance testing may be considered; -, resistance testing not recommended; C, cirrhosis; HCV, 
hepatitis C virus; NA, not applicable; NC, no cirrhosis; NS5A, nonstructural protein 5A; RAS, resistance-associated substitution; 
 aWith peginterferon alfa–based regimen; excludes prior NS5A-containing regimens.
 bSlash indicates a coformulation.
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PI-containing treatment. NS3 PI RAS testing for sofosbuvir 
is not recommended, as sofosbuvir-associated RASs are rare 
and, generally, have not impacted the efficacy of subsequent 
sofosbuvir use. 

Retreatment After Failure of an NS5A Inhibitor–
Based Regimen

Timing and options for retreatment after failure of an NS5A 
inhibitor–based regimen are challenging, given the limited 
options and data supporting retreatment. Guidance currently 
suggests deferring HCV treatment for individuals without cir-
rhosis and when there is not another indication for urgent 
retreatment,16 in anticipation of the availability of better re-
treatment options currently in development. For individuals 
who are retreated with currently available regimens, tailor-
ing retreatment based on results of NS5A and NS3 resistance 
testing is recommended as follows: if no NS5A RASs are pres-
ent, treat with sofosbuvir plus an NS5A inhibitor (ledipasvir 
or velpatasvir) plus ribavirin for 24 weeks; if NS5A RASs are 
present but no NS3 PI RASs (specifically Q80K) are present, 
treat with simeprevir plus sofosbuvir plus ribavirin for 24 
weeks; and if NS5A and NS3 RASs are present, defer therapy 
or consider a clinical trial or a regimen as outlined below. 

Retreatment After Failure of an NS5A Inhibitor–
Based Regimen: Tailoring to the NS5A RAS Profile 

Ledipasvir/Sofosbuvir 

Several studies have examined retreatment with ledipasvir/
sofosbuvir after failure of an NS5A inhibitor–based regimen. 
Among individuals whose treatment with 8 to 12 weeks of 
ledipasvir/sofosbuvir failed, efficacy of retreatment with 
ledipasvir/sofosbuvir for 24 weeks (without ribavirin) was im-
pacted by the presence of NS5A RASs.26 SVR12 was 100% if 
no NS5A RASs were present and 60% if they were present. 
The presence of 2 or more RASs was associated with a 50% 
SVR12, and the presence of Y93H/N RASs was associated 
with a 33% SVR12. 

The addition of ribavirin may mitigate the impact of NS5A 
RASs. Among 9 HIV/HCV-coinfected individuals whose treat-
ment with 12 weeks of ledipasvir/sofosbuvir failed, 7 of 9 had 
ledipasvir RASs at the time of treatment failure, including 4 
with Y93H/N RASs, and 8 of 9 attained an SVR12 with 24 
weeks of treatment with ledipasvir/sofosbuvir plus ribavi-
rin.27 The single treatment failure occurred in an individual 
who had an L31M RAS before retreatment. Based on the lim-
ited data available, ledipasvir/sofosbuvir plus ribavirin for 24 
weeks may be considered for retreatment after failure of an 
NS5A inhibitor–containing regimen, but is not recommended 
if ledipasvir RASs are present.

Sofosbuvir/Velpatasvir 

In a single-arm study of individuals treated with 4 to 12  
weeks of sofosbuvir/velpatasvir or sofosbuvir/velpatasvir plus 
the investigational HCV PI GS-9857 during phase II studies,  

retreatment with 24 weeks of sofosbuvir/velpatasvir plus 
weight-based ribavirin led to a 91% SVR (59/65).28 Individuals 
with HCV genotype 1, 2, or 3 infection were included. Pre-
treatment NS5A RASs (detected using a 1% UDS cutoff) were 
present in 18% of individuals with genotype 1 infection, 62% 
of those with genotype 2 infection, and 81% of those with geno-
type 3 infection. The presence of NS5A RASs did not impact 
SVR in participants with genotype 1 (33/34; SVR12, 97%) or 
2 (13/14; SVR12, 91%). Among 13 participants with genotype 
3 infection, 11 (85%) had the Y93H NS5A RAS, and 9 (82%) 
attained an SVR12. These results indicate that the presence 
of the Y93H RAS may reduce HCV cure rates among indi-
viduals with genotype 3 infection retreated with sofosbuvir/
velpatasvir. However, the majority of participants in this study 
with genotype 3 infection and the Y93H RAS were cured. 
Individuals with HCV genotype 3 infection in whom NS5A 
inhibitor–based treatment has failed remain a population for 
whom improved retreatment options are needed. 

Simeprevir Plus Sofosbuvir 

Simeprevir plus sofosbuvir has been studied in treatment-
experienced (with peginterferon alfa–based regimens) indi- 
viduals with cirrhosis and led to a 79% SVR12.25 Data on 
simeprevir plus sofosbuvir for individuals experienced with 
NS5A inhibitor–based treatments are limited. 

In a small observational study, 14 of 16 participants with 
HCV genotype 1 infection attained SVR12 with 12 weeks of 
retreatment with simeprevir plus sofosbuvir after failure of a 
prior daclatasvir-based regimen (most included peginterferon 
alfa); 13 of 16 participants had NS5A RASs, and 8 of 16 par-
ticipants had NS3 RASs (2 with Q80K).19 Of the 2 participants 
whose retreatment with simeprevir plus sofosbuvir failed, 1 
had the Q80K RAS and 1 had the R155K RAS (which confers 
a high level of resistance to simeprevir). Of note, simeprevir 
plus sofosbuvir was only given for 12 weeks and without riba-
virin. Current guidelines recommend 24 weeks of therapy 
with simeprevir plus sofosbuvir plus ribavirin for individuals 
whose prior treatment with an NS5A inhibitor failed, to op-
timize treatment success in this hard-to-treat population for 
whom options are limited.16 Testing for the NS3 PI mutation 
Q80K is recommended before simeprevir use in individuals 
with HCV genotype 1a infection only in the presence of cir-
rhosis, due to reduced response when Q80K is present (74%) 
versus when it is absent (92%). 

3- and 4-Class Combination Therapies for Retreatment 

Retreatment with elbasvir/grazoprevir plus sofosbuvir and 
ribavirin led to a 100% SVR in 25 individuals whose prior 
treatment with elbasvir/grazoprevir plus sofosbuvir for 4 to 8 
weeks failed; 52% had elbasvir RASs before retreatment (15% 
cutoff), which did not impact SVR12, nor did the presence 
of NS3 PI RASs.29 Therapy with paritaprevir/ritonavir/ombi-
tasvir plus dasabuvir plus sofosbuvir (and ribavirin for those 
with genotype 1a infection) led to a similarly strong SVR rate 
of 95% in 22 individuals with HCV genotype 1a infection re-
treated after failure of a variety of regimens. Of 20 individuals 
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with genotype 1a infection, 16 (80%) had NS5A RASs before 
retreatment and 19 (95%) attained an SVR12; 2 of 2 (100%) 
individuals with genotype 1b infection attained an SVR. Of 
note, 13 of 14 individuals with the HCV PI Q80K mutation 
also attained an SVR.30 

The high SVR rates achieved with these combination 
therapies despite the presence of baseline NS5A resistance 
are encouraging. However, combining drugs from different 
classes made by different pharmaceutical manufacturers cre-
ates additional barriers to treatment access and increases cost. 
Triple-class combination regimens currently in development 
may be more accessible if provided as coformulations from 
the same manufacturer. 

Future Therapies for Retreatment After Failure of 
an NS5A Inhibitor–Based Regimen

Investigational, ribavirin-free combination therapies have 
shown tremendous promise for retreatment after failure of 
an NS5A inhibitor–based regimen,31-33 regardless of whether 
NS5A resistance preexists. In a study of 44 DAA treatment– 
experienced individuals without cirrhosis (50% NS5A ex-
perienced, 84% PI experienced), the combination of the 
investigational NS3 inhibitor glecaprevir and the investiga-
tional NS5A inhibitor pibrentasvir yielded a 100% SVR in 
those without NS5A RASs and 83% to 96% SVR12 in those 
with NS5A resistance with 12 and 16 weeks of treatment, re-
spectively. There was a high cure rate even in the presence of 
NS5A resistance, including 100% SVR in those with the NS5A 
RASs Y93H/N).31 

The multiclass combination of sofosbuvir, velpatasvir, and 
the investigational NS3 inhibitor voxilaprevir given for 12 
weeks without ribavirin led to cure in 96% of HCV-infected 
individuals (all genotypes) who had a prior NS5A treatment 
failure.32 Seventy-nine percent of individuals had NS5A re-
sistance before retreatment, and 96% attained an SVR. The 
presence of NS3 and NS5B RASs did not impact SVR. Six 
virologic failures occurred, all of which were among individu-
als with cirrhosis. 

Similarly, treatment with the multiclass combination of 
grazoprevir, the investigational NS5A inhibitor ruzasvir, and 
the investigational NS5B polymerase inhibitor uprifosbuvir 
given for 16 weeks with ribavirin or for 24 weeks without  
ribavirin led to a 100% SVR4 in individuals with HCV geno- 
type 1 infection whose prior NS5A inhibitor–containing regi- 
mens failed; 84% had NS5A RASs and 65% had NS3 RASs at 
baseline.33 Collectively, these data suggest that ribavirin-free 
combination therapies in development should be highly effec-
tive for most individuals whose prior NS5A inhibitor–based 
regimen failed, regardless of the presence of preexisting 
NS5A, NS5B, or NS3 RASs. 

When Resistance Testing Is Not Available

In the scenarios outlined above, RAS testing may help guide 
treatment choices. However, RAS testing is not recommended 
for the majority of individuals initiating HCV treatment. 

Further, a lack of RAS testing should not be a barrier to HCV 
treatment. Practitioners may not have access to RAS testing 
because of a lack of insurance coverage or limited access in 
their practice setting. In the absence of RAS testing, an effec-
tive DAA regimen can almost always be constructed using 
the patient’s clinical history and the expected efficacy of the 
available regimens

Summary

When available, NS5A resistance can have important clinical 
implications for treatment-naive and -experienced individuals 
with HCV infection. NS5A resistance testing is recommended 
for individuals who have not received prior NS5A inhibitor–
based treatment if treatment with elbasvir/grazoprevir is 
planned (for those with genotype 1a infection), if treatment 
with ledipasvir/sofosbuvir is planned (only for those with geno-
type 1a infection and cirrhosis or a prior treatment failure), 
and in the case of genotype 3 infection in the presence of 
cirrhosis or a prior treatment failure. NS5A resistance testing 
is also recommended for all individuals whose prior NS5A 
inhibitor–based treatment failed. 

Future HCV treatments combining next-generation anti-
viral drugs that have improved resistance profiles, in some 
cases from as many as 3 different drug classes, are effective 
even in the setting of previous DAA-based treatment failure 
with drug resistance. Although additional data are needed, 
such regimens may obviate the need for resistance testing in 
most situations. 
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Background

In the United States, hepatitis C virus (HCV) infection is a 
leading cause of liver-related deaths, cirrhosis, and hepato-
cellular carcinoma.1 Infection is primarily acquired through 
percutaneous blood exposure, including injection drug use 
and historically contaminated blood products, which has led 
to the greatest prevalence among individuals born from 1945 
through 1965.1 Individuals chronically infected with HCV re-
quire ongoing monitoring to assess for progression of liver 
fibrosis, classified according to the Metavir histological scores 
of F0 to F4. A Metavir score of F0 indicates no fibrosis and 
a score of F4 indicates cirrhosis. HCV treatments were his-
torically used sparingly because of toxic effects and modest 
efficacy.1 However, since 2013, highly effective, safe, and cu-
rative peginterferon alfa–sparing direct-acting antiviral (DAA) 
drugs for HCV have been available, increasing the number of 
individuals willing and able to be treated.1

Although new DAAs are becoming available and costs are 
continuing to decline, the initial retail costs of $83,000 to 
$153,000 per treatment course prompted health plans and 
payers to institute restrictive policies and preauthorization 
procedures for treatment.2-4 Health plan and payer policies 
vary but have often included restrictions based on liver fibro-
sis stage, documented alcohol and drug abstinence, and the 
practitioner’s clinical specialty.2,4 High drug costs, in addition 
to restrictive policies, limit treatment access and create a sub-
stantial barrier to curing the 3.5 million people estimated to 
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be chronically infected with HCV in the United States.3-5 Cur-
rently, patient access to HCV treatment requires health care  
practitioners and staff to expertly navigate a complex autho-
rization process.

The Centers for Disease Control and Prevention (CDC) 
Hepatitis C Community-based Test and Cure Project supports 
clinical and public health partners with improving HCV test-
ing, linkage to care, and treatment activities in Baltimore, 
Maryland; Chicago, Illinois; and Seattle–King County, Washing-
ton. This case series presents examples from each partner site 
to illustrate challenges in obtaining HCV treatment for patients 
with private or public insurance undergoing routine clinical 
care. All patients mentioned in this case series gave their con-
sent to be included.

Baltimore, Maryland

Patient A is a 55-year-old man with a history of chronic HCV 
genotype 1a infection, a Metavir score of F4 (cirrhosis), depres-
sive disorder, traumatic brain injury, and alcohol use disorder. 
He is insured through a Medicaid managed care organization. 

His primary care practitioner prescribed sofosbuvir/
ledipasvir (slash indicates a coformulation) in January 2016; 
however, the managed care organization immediately de-
nied the preauthorization because of an isolated episode of 
excessive drinking in 2014. His practitioner determined the 
drinking episode documented in the medical record was er-
roneous and in a written appeal provided evidence of patient 
A’s abstinence from alcohol. The appeal was denied, and the 
physician filed a second one directly to the managed care or-
ganization’s chief medical officer. Estimated staff time spent 
on the approval process totaled 4 hours. The preauthoriza-
tion was approved on March 2, 2016, and patient A initiated 
treatment on May 4, 2016, which was approximately 3 to 4 
months after the treatment was prescribed. He had an unde-
tectable viral load 4 weeks after treatment initiation, but did 
not return for follow-up care. Efforts to reengage him in care 
have been unsuccessful.

Restrictive policies on access to new, curative hepatitis 
C treatments represent a substantial barrier to treating 
patients infected with hepatitis C. This case series demon- 
strates challenges experienced by patients and prac- 
titioners in accessing these treatments and highlights 
several strategies for navigating the treatment pre- 
authorization process.

Keywords: hepatitis C virus, HCV, treatment, insurance 
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Chicago, Illinois

Patient B is a 60-year-old man with chronic HCV genotype 
3a infection and a Metavir score of F4 (cirrhosis). He had a 
history of alcohol and illicit drug use and has been abstinent 
for 11 years. He has employer-based private insurance, which 
restricts HCV medication to patients having a Metavir score 
of F2 or greater. 

Patient B enrolled in the Hepatitis C Community Alliance 
for Testing and Treatment case management program in Chi-
cago in July 2015 for assistance in obtaining HCV treatment. 
At that time, no effective peginterferon alfa–sparing therapy 
for individuals with HCV genotype 3a infections with cirrho-
sis was available. Patient B was advised to defer treatment 
until daclatasvir received US Food and Drug Administration 
(FDA) approval so he could receive a more efficacious peg-
interferon alfa–sparing regimen. Daclatasvir was licensed 
approximately 1 month after he enrolled in the program, and 
the preauthorization was submitted for 16 weeks of dacla-
tasvir, sofosbuvir, and ribavirin. Preauthorization was denied 
because daclatasvir would not be available on the insurance 
company’s formulary for 6 months. Attempts to obtain the 
medication more quickly through the pharmaceutical com-
pany’s patient assistance program were unsuccessful. 

In January 2016, after daclatasvir was added to the for-
mulary, the patient’s gastroenterologist submitted a new 
preauthorization request for the medication that was ap-
proved, and he initiated treatment in March 2016, 7 months 
after the initial preauthorization request was submitted. In 
April 2016, his prescription benefits carrier changed, neces-
sitating a new preauthorization for the remaining 12 weeks 
of the then adjusted 24-week treatment schedule. In total, the 
estimated staff time for all preauthorization processes was 40 
hours. The new preauthorization was approved and patient B 
completed treatment. In November 2016, 12 weeks after the 
end of therapy, he had a sustained virologic response (SVR). 

Seattle–King County, Washington

Patient C is a 58-year-old man with chronic HCV genotype 1b 
infection. His liver fibrosis was assessed as F0–F1 in 2012 and 
F1 in 2014 using serum biomarker testing. He had previously 
used injection drugs but had been abstinent since 2006. The 
patient also reported abstinence from alcohol since 2010. He 
was insured through a Medicaid managed care organization. 

In December 2014, he was seen by a specialist and found 
to have a transient elastography score of 1.56 m/s, cor-
responding to Metavir scores F2–F3. At that time, he was 
prescribed sofosbuvir/ledipasvir, but the preauthorization 
request was denied because the payer stated he did not sat-
isfy the fibrosis criteria of F3 and greater (A fibrosis criteria 
of ≥F3 was previously required by Washington State Medic-
aid for HCV treatment authorization. The requirement was 
removed in June 2016 after a legal challenge). His insurance 
status made him ineligible for the pharmaceutical company’s 
patient assistance program. After 14 months, an estimated 
20 hours of staff time, and numerous appeals by pharmacists 

at the specialty clinic, Medicaid authorized the prescription. 
In February 2016, he initiated sofosbuvir/ledipasvir and suc-
cessfully completed the 12-week course of therapy in June 
2016. In October 2016, 12 weeks after the end of therapy, he 
had an undetectable viral load.

Discussion

At present, increasing access to HCV treatment requires over-
coming numerous barriers at the levels of the health care 
system, clinic and practitioner, and patient, as shown in the 
Box. Health care system barriers are generally related to 
the high initial list prices of HCV medications and efforts by 
health plans and payers to control costs through preauthori-
zation requirements. These requirements, which have been 
amply described,3,4,6 can create impediments to treatment 
access. A study of 2321 patients in 4 states showed that 46% 
were denied Medicaid payments even after appeal, com-
pared with 10% of patients with private insurance.7 Changes 
in drug prices and health plan and payer restrictions have 
resulted in fewer denials in subsequent studies.5,8 However, 
the burden of these denials falls disproportionally on publicly 
insured and marginalized populations, resulting in systematic 
obstacles to HCV treatment access for vulnerable people.6 In 
addition, as the cases above illustrate, even if individuals even-
tually gain access to treatment, burdensome preauthorization 
requirements divert staff time from patient care and limit the 
ability of practitioners to scale up treatment initiation for 
HCV-infected individuals. At the clinic and practitioner level, 
barriers to treatment access include not testing for anti-HCV 
antibody (despite recommendations from guidelines), clinic 
referral practices, and extent of a practitioner’s knowledge of 
HCV treatments. Not testing for anti-HCV antibody appropri-
ately based on recommended guidelines, for instance, or not 
obtaining confirmatory RNA testing represents a substantial 
hurdle to HCV treatment access because a lack of diagnosis 
precludes access to treatment.9-12 The impact of this barrier 
can be reduced by various interventions such as the use of  

Box. Barriers to Hepatitis C Treatment Access in the  
United States

• System-Level Barriers
   –   Cost of drugs
   –    Health plan and payer restrictions/Preauthor- 

ization requirements

• Clinic- and Practitioner-Level Barriers
   –    Deficiencies in testing for anti-HCV antibody and 

confirmation of diagnosis

   –   Lack of practitioner familiarity with treatment 

   –    Referral to subspecialty practitioners and loss  
to follow-up

• Patient-Level Barrier
   –   Lack of health care access
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electronic medical records and clinical decision tools, reflex 
RNA testing, and patient navigators.10,11,13 Also, individual 
practitioners may lack familiarity with new HCV treatments. 
Although current HCV treatment regimens are considered 
simple to manage compared with peginterferon alfa–based 
regimens, a survey of practitioners found that 70% did not 
feel sufficiently knowledgeable about HCV treatment, and 
71% refer persons with HCV to subspecialty care.11 This know- 
ledge gap can be addressed through training, and primary 
care physicians have been shown to have treatment out-
comes similar to those of subspecialists.14 Although referrals 
to subspecialists for HCV treatment may be required by cer-
tain health plans and payers,4,11 this may cause individuals to 
be lost to follow-up and unable to access treatment. This bar-
rier can be addressed through interventions such as patient 
navigators and colocation of services, or it can be removed 
completely by enabling primary care clinicians to prescribe 
HCV treatments independently or through comanagement 
with a specialist.10,11,13 Finally, at the patient level, individuals 
without health care access, either due to no linkage to care, 
lack of insurance, or being underinsured, will likely be unable 
to receive HCV treatment. 

As illustrated by this case series, persons who live with 
HCV infection, whether privately or publicly insured, face 
numerous challenges in accessing treatments. The time 
from treatment decision to treatment initiation in these 
cases took as long as 16 months and generally involved deni-
als of initial preauthorization. Do and colleagues examined 
drug authorizations for sofosbuvir/ledipasvir among publicly 
and privately insured individuals and found 18.6% of initial 
preauthorizations were not approved.8 Overall, the average 
time-to-decision on the initial preauthorization was 26.1 days 
(standard deviation [SD], 25.2 days), and the decision on ap-
peal required an additional 18.6 days on average (SD, 22.1 
days). Although the majority of patients eventually received 
therapy based on appeal, unnecessary treatment delays oc-
curred because the initial preauthorization was denied. In 
total, 4.7% of patients were ultimately denied therapy.8 Simi-
larly, Younossi and colleagues found that among 3841 patients 
prescribed a sofosbuvir-containing regimen, 315 (8%) did not 
start therapy; 81% of the nonstarts were due to insurance-
related processes and financial reasons even among those 
with Metavir fibrosis scores of F3 and greater.5 In addition, 
Younossi and colleagues reported that although 10% of the 
total study population had Medicaid coverage, 43% of the 315 
nonstart patients were in the Medicaid-covered population.5 
Overall, those with private insurance were approximately 
6.5 times more likely to receive treatment than a propensity 
score–matched group of those with Medicaid.5 The current ap-
proval process for HCV treatments can be unpredictable and 
burdensome for clinic staff, and the reasons for denial may 
not be clinically based.1,3,4 

Although treatment of HCV-infected individuals is cost-
effective from a societal perspective,15 the high cost of HCV 
therapy is a budgetary issue for state Medicaid programs on 
1- to 2-year cycles. In 2014, as much as 6.7% of state Med-
icaid prescription drug spending was attributable to HCV 

treatment.16 Fortunately, the entry of new DAAs into the 
market, mandated 23% rebates for HCV-infected patients 
on Medicaid, and negotiated price reduction by payers have 
lowered the cost of HCV medications.3,17 In addition, in No-
vember 2015, the Centers for Medicare and Medicaid Services 
(CMS) notified states that limitations on coverage “should not 
result in the denial of access to effective, clinically appropri-
ate, and medically necessary treatments using DAA drugs” 
for HCV-infected persons.18 This should prompt health plans 
and payers to reevaluate current restrictive reimbursement 
policies. In fact, some health plans and payers have revised 
coverage policies to remove previous authorization require-
ments, some of which were prompted by successful legal 
challenges such as the one in Washington state.19,20 At this 
time, it is too early to evaluate the long-term impact of these 
changes on the preauthorization process; however, they will 
likely improve treatment access for individuals covered by 
these health plans and payers. 

Regardless of health plan and payer decisions to reevalu-
ate coverage policies, health care practitioners will still be 
responsible for prescribing HCV treatment and obtaining 
necessary preauthorization. Several strategies can be used to 
assist with preauthorization. Case managers can serve as a 
useful resource for patient support and for navigating an ap-
peals process. Specialty pharmacies and in-clinic pharmacy 
support or pharmacy benefits managers, if available, may 
also be a resource for assisting health care practitioners in 
successfully completing the approval and appeal processes. 
Additional training for primary care practitioners to become 
specialized HCV care clinicians can expand the number of 
practitioners able to prescribe HCV treatment in areas where 
health plans and payers restrict by specialty. All of these strat-
egies incur costs but not necessarily to the third-party payer. 
Finally, advocacy groups such as the National Viral Hepa-
titis Roundtable have developed and compiled resources 
for health care practitioners, including checklists and guides 
for initiating HCV treatment and template letters for appeal-
ing insurance denials, to reduce the administrative burden on 
practitioners.21 

This case series has several limitations. It reflects individual 
patient experiences and should not be considered represen-
tative of HCV treatment access for all health plans or payers, 
including Medicare. Uninsured individuals, who may be eligi-
ble for treatment access through patient assistance programs 
at pharmaceutical companies, were also not included. Finally, 
policies regarding preauthorization requirements and treat-
ment access are not static. Although policy changes may be 
expected to increase treatment access, such as the Washing-
ton state ruling in 2016, the long-term impact of this specific 
change and others on the preauthorization process cannot be 
formally evaluated at this time. 

Despite a decrease in the price of HCV medications, 
access to HCV treatment remains a barrier to reducing HCV-
associated morbidity and mortality. In addition to decreases 
in the costs of HCV medications, health plans and payers 
should reevaluate restrictive criteria that limit access to HCV 
treatment. 
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Introduction 

The duration of nucleos(t)ide analogue (NA) therapy is an 
unresolved issue in the treatment of persons with chronic 
hepatitis B (CHB) infection who are hepatitis B e antigen 
(HBeAg) seronegative. In these individuals, HBeAg clearance 
or seroconversion to hepatitis B e antigen antibodies (anti-
HBe) cannot be used as an endpoint, and the treatment goal 
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of hepatitis B surface antigen (HBsAg) clearance or HBsAg 
antibody (anti-HBs) seroconversion is rarely achieved.1 Amer-
ican and European CHB infection guidelines recommend 
lifelong NA therapy for patients with CHB infection who are 
HBeAg seronegative.2,3 These recommendations are unsatis-
factory for several reasons. First, although NA therapy is well 
tolerated in general, the issue of potential long-term adverse 
effects is still unresolved. Second, the cost of lifelong therapy 
represents a considerable financial burden and may not be 
affordable in countries with limited financial resources. Fi-
nally, the prospect of strict adherence to lifelong therapy can 
inflict a substantial psychologic strain on the individual. 

Defining rules for stopping NA therapy in individuals with 
CHB infection who are HBeAg seronegative is important. 
However, factors that can predict a favorable off-treatment 
response are presently unknown as is the typical clinical 
course after NA discontinuation. This case series presents the 
biochemical, serologic, and virologic responses of 6 carefully 
selected HBeAg-seronegative patients with CHB infection 
who discontinued long-term NA therapy.

Case Descriptions

Individuals with CHB infection who were HBeAg seronegative 
and presented at our outpatient clinic between September 
2011 and January 2014 had to meet specific criteria for dis-
continuing NA treatment. These criteria included hepatitis B 
virus (HBV) monoinfection; treatment duration of more than 
5 years with a complete virologic and biochemical response; 
quantitative HbsAg (qHBsAg) level below 2000 IU/mL; no 
signs of advanced liver disease on liver function test results; 
and an absence of more than mild fibrosis as shown in ab-
dominal ultrasound and elastography. 

This is not a prospective study with documented informed  
consent but a retrospective review of persons who stopped  
therapy. The patients did receive detailed information about  
potential risks associated with treatment discontinuation,  
including hepatitis flare and liver failure. After careful 

International guidelines recommend lifelong nucleo- 
s(t)ide analogue (NA) treatment in individuals with chronic 
hepatitis B (CHB) infection who are hepatitis B e antigen 
(HBeAg) seronegative, because hepatitis B surface anti-
gen (HBsAg) seroconversion is rarely achieved. However, 
after terminating therapy, sustained responses and 
HBsAg loss have been observed. Clinical characteristics 
identifying persons with favorable outcomes after dis-
continuing NA therapy have not yet been defined. This 
case series describes outcomes of 6 individuals with 
HBeAg-seronegative CHB infection without cirrhosis and 
low plasma levels of HBsAg who discontinued long-term 
NA treatment. All individuals had a virologic relapse and 
4 of 6 had a biochemical relapse; but 5 of 6 later developed 
a sustained virologic and biochemical response and a 
marked reduction of quantitative HBsAg (qHBsAg). Two 
of the 6 individuals experienced HBsAg loss. Only 1 
patient was retreated, and none showed signs of hepatic 
decompensation. NA treatment can be safely stopped 
in selected HBeAg-seronegative patients. Sustained off-
treatment responses seem to be frequently preceded 
by a virologic and biochemical flare. Loss of HBsAg 
possibly reflects restoration of antiviral immunity during 
prolonged NA treatment. Predictive factors, such as 
qHBsAg, may be valuable in selecting patients who could 
benefit from NA discontinuation.

Keywords: Hepatitis, chronic, hepatitis B, HBeAg, CHB, 
nucleos(t)ide analogue, treatment
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consideration, 6 persons were approved to discontinue NA 
therapy. After treatment cessation, the individuals were mon- 
itored clinically, biochemically (liver enzyme levels), and viro-
logically (HBV DNA level) every 4 weeks for the first 3 months 
and every 3 months thereafter. Virologic relapse was defined 
as HBV DNA levels of 2000 IU/mL or more and biochemical 
relapse as an alanine aminotransferase (ALT) level above the 
upper limit of normal (ULN). Conversely, virologic and bio-
chemical responses were defined by an HBV DNA level of 
2000 IU/mL or less and an ALT level below ULN, respectively.

Patient characteristics before the end of treatment (EOT) 
are presented in Table 1. The median age at EOT was 55.5 

years. One person was Asian, 1 
person was African, and the oth-
ers were white.  The median 
duration of NA therapy was 11.5 
years; the median duration of 
suppressed viral load was 7 years. 
Outcomes after treatment cessa-
tion are summarized in Table 2. 
All patients showed a virologic 
relapse, and 4 of 6 showed a bio-
chemical relapse with peak values 
2 months after EOT. In one indi-
vidual (patient 4), the ALT level 
continued to be elevated and the 
HBV DNA level remained high 
(>2000 IU/mL). This person was 
asymptomatic and did not show 
signs of impaired liver function 
(ie, normal bilirubin level and in-
ternational normalized ratio) at 
all times. Upon resuming therapy 
at week 24, this patient reached 
viral suppression after another 12 
weeks. All other persons remained 
off treatment and showed a sus-
tained virologic and biochemical 
response. In individuals with a 

sustained virologic response, HBV DNA level dropped below 
2000 IU/mL until month 3 and ALT levels normalized until 
month 4 after EOT. Except for 1 individual who was retreated 
(patient 4) and 1 individual who was qHBs seronegative at 
EOT (patient 3), qHBs decreased or became negative in all 
patients. In 2 persons, complete loss of HBsAg and hepatitis 
B surface antibodies (anti-HBs) occurred.

Discussion

In this case series, favorable outcomes after discontin- 
uing long-term NA treatment were observed in HBeAg- 

Table 1. Characteristics of Patients With HBe Antigen–Seronegative Chronic Hepatitis 
B Infection at End of Treatment  

Patient 
#

Age (years), 
Sex

Previous NA 
Therapy

Duration 
of Therapy 

(years)

Viral Load  
<LOD 
(years)

Genotype qHBsAg
(IU/mL)

1 62, female Lamivudine 12 11 Unknown 730

2 55, female Lamivudine,  
adefovir, tenofovir 
disoproxil fumarate,  
entecavir

12 8 B 790

3 61, male Lamivudine, 
adefovir, tenofovir 
disoproxil fumarate

13 4 Unknown 0a

4 45, male Lamivudine, adefovir, 
tenofovir disoproxil 
fumarate

9 4 D 1900

5 36, male Entecavir, tenofovir 
disoproxil fumarate

6 6 E 123

6 56, male Lamivudine, 
adefovir, tenofovir 
disoproxil fumarate

11 6 D 620

Abbreviations: LOD, limit of detection; NA, nucleos(t)ide analogue; qHBsAg, quantitative hepatitis B 
surface antigen. 
 aQuantitative HBsAg became negative in this person during NA treatment. 

Table 2. Off-Treatment Responses of Patients With Hepatitis B e Antigen–Seronegative Chronic Hepatitis B Infection After  
Treatment Discontinuation  

Patient Relapse Off-Treatment Response
#  Peak VL (IU/mL) 

/month
Peak ALT (ULN) 

/month
Month with VL  
<2000 IU/mL

Month with 
ALT <ULN 

Minimal qHBsAg
(IU/mL) /month

Anti-HBs (IU/mL)  
/month

Follow-up  
(months after EOT)

1 6030/2 2x/2 3 3 274/36 None 36

2 34,200/2 None 3 0 1.76/50 None 45

3 9890/2 1.5x/2 3 3 0/0 >1000/6 40

4 495,000,000/2 10x/2 Patient was retreated; viral suppression was achieved at  
month 6 after reinitiation of tenofovir disoproxil fumarate          

48

5 8110/2 None 3 0 0/15 12/23 23

6 2,060,000/2 49x/2 3 4 0/8 None 16

Abbreviations: ALT, alanine aminotransferase; anti-HBs, hepatitis B surface antibodies; EOT, end of treatment; qHBsAg, quantitative hepatitis B 
surface antigen; ULN, upper limit of normal; VL, viral load.  
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seronegative persons with CHB infection who did not have 
cirrhosis. Five of 6 persons had sustained off-treatment bio-
chemical and virologic response, 2 of 6 persons lost HBsAg, 
and 2 of 6 persons developed anti-HBs seroconversion. A 
hepatic flare after treatment discontinuation occurred in 
4 individuals but did not lead to hepatic decompensation. 
These results add to the growing evidence that NA treatment 
cessation not only is safe in individuals without cirrhosis and 
poses a promising therapeutic option for selected individuals 
with CHB infection who are HBeAg seronegative. Presently, 
the question of treatment duration in individuals with CHB 
infection who are HBeAG seronegative is a matter of debate. 
Although European and US guidelines recommend NA treat-
ment cessation 12 months after anti-HBe seroconversion 
for HBeAg-seropositive patients,2,3 there is no generally ac-
cepted stopping rule for those who are HBeAg seronegative. 
Most studies reporting about treatment discontinuation in 
HBeAg-seronegative individuals focused on cumulative re- 
lapse rates rather than on analysis of sustained off-treatment 
responses.4 Further, the methods and analyses of these 
studies vary with respect to NA treatment duration, viral 
suppression duration, application of discontinuation rules, 
definition of outcomes, and length of follow-up. For these 
reasons, the therapeutic value of NA treatment cessation in 
individuals with CHB infection who are HBeAg seronegative 
is unclear as are the factors in identifying those most likely 
to have a favorable outcome.

Toward that end, a pilot study by Hadzyannis and col- 
leagues showed promise.5 In the study, 33 HBeAg-seroneg-
ative patients with CHB infection in whom complete viral 
suppression was achieved with adefovir had their treatment 
discontinued after 4 to 5 years of continuous therapy. These 
persons all experienced a virologic relapse, and 76% expe-
rienced a biochemical relapse soon after treatment ceased. 
However, 55% of these persons subsequently had a virologic 
and biochemical response, and 39% experienced HBsAg 
loss. Based on data suggesting that prolonged viral suppres-
sion allows for a substantial restoration of antiviral T-cell 
immunity,6 the biochemical relapse after NA discontinuation 
was interpreted as a hepatitis flare caused by restored anti-
viral immunity.

The observations presented in our case series are in agree-
ment with the concept proposed by Hadzyannis. Although 
all 6 individuals in our series had a virologic relapse and 4 
of 6 persons (67%) had a biochemical relapse during the first 
2 months after treatment discontinuation, 5 of 6 individuals 
(83%) later developed a sustained virologic and biochemical 
response. In addition, in these individuals with a sustained 
response, qHBsAg levels decreased markedly, and in 2 in-
dividuals anti-HBs seroconversion occurred. In total, 5 of 
6 persons (83%) experienced persistent loss of or a strong 
reduction in HBsAg after discontinuing NA treatment. In com-
parison, during the first 4 to 5 years of NA treatment, HBsAg 
loss is virtually never observed,1 and the rate of annual 
HBsAg loss under continual NA treatment has been reported 
to be as low as 0.33%.7 Because loss of HBsAg in HBeAg-
seronegative individuals with CHB infection is regarded as 

the closest equivalent to a clinical cure, the excellent overall 
outcomes demonstrated by persons in this case series em-
phasize the strong potential of NA treatment discontinuation 
in selected individuals.

In order to formalize this concept into a clinical rule 
for treatment discontinuation, valid predictive factors for 
identifying patients who could safely and successfully stop 
treatment need to be defined. Because these factors have not 
yet been identified, criteria for when patients could safely 
stop treatment in this retrospective review were based on 
evidence about safety and sustained off-treatment responses 
described in earlier studies. As summarized recently, in 22 
studies with a total of 1732 patients, only 1 episode of he-
patic decompensation in a patient with liver cirrhosis was 
reported.8 Therefore, treatment discontinuation was offered 
only to CHB patients who did not show signs of cirrhosis 
or advanced liver fibrosis as indicated by biochemical test 
results and abdominal ultrasound and elastography. Further-
more, all 6 individuals in the series had received long-lasting 
suppressive NA therapy (>6 years) before treatment was 
discontinued.5 In the absence of adequate study data, the du-
ration of NA treatment necessary to restore antiviral immune 
function is presently unknown. However, treatment duration 
does seem to play a role, as earlier studies showed relapse 
rates as high as 90% after 1 year of NA treatment,9 whereas 
subsequent studies with longer treatment periods reported 
far better sustained response rates.10-12 Finally, treatment was 
discontinued in individuals with low levels of HBsAg (<2000 
IU/mL), because low qHBsAg level at EOT was associated 
with sustained biochemical response in retrospective studies 
in Asian patients13-15 and with HBsAg loss in a multivariate 
analysis of the Hadzyannis study.5

In summary, the results of this case series suggest that 
treatment cessation in individuals with CHB infection who 
are HBeAg seronegative and do not have cirrhosis is safe and, 
as reflected by a high rate of HBsAg loss and anti-HBs sero-
conversion, may prove to be a therapeutic option for some 
patients. However, stringent patient selection is likely crucial, 
and the criteria for selecting patients who could benefit from 
NA discontinuation will have to be defined in properly de-
signed prospective studies. 
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Correction note: An earlier version of this article listed the 
wrong nucleos(t)ide analogue therapy in Table 1. It should 
be entecavir, not etravarine as originally stated.
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co-chaired by Laura W. Cheever, MD; Michael S. Saag, MD; and Marshall J. Glesby, 
MD, PhD. 

Webcasts of the Clinical Care Conference will be available within 24 hours of the 
end of the relevant session. Visit www.iasusa.org/RWCC2017 for more information.

The 25th Conference on Retroviruses and Opportunistic Infections (CROI) will  
be held from March 4 to 7, 2018, in Boston, Massachusetts, at the Hynes  
Convention Center. Webcasts, abstracts, electronic posters, and other electronic 
resources from CROI 2018 will be available online after the conference.

General abstract submission will open on August 30, 2017, and will close on 
September 27, 2017. Visit www.CROIconference.org for more information.
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