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Background. Human immunodeficiency virus (HIV) and hepatitis C virus (HCV) coinfection is associated with accelerated
progression to cirrhosis, end-stage liver disease, and liver-associated death. It is fortunate that curative direct-acting antivirals for
the treatment of HCV are widely available in the VA healthcare system. We attempted to identify, evaluate, and treat all HIV/HCV-
coinfected persons at the Atlanta VA Healthcare System.

Methods. Human immunodeficiency virus/HCV-coinfected persons at Atlanta VA between 2015 and 2018 were identified using
the HIV Atlanta Veterans Affairs Cohort Study and Hepatitis C VA Clinical Case Registry. Retrospective reviews of each electronic
medical record were conducted by the hepatitis C clinical team for validation. The primary end point was achieving sustained
virologic response.

Results. One hundred thirty-eight veterans with HIV and hepatitis C viremia were identified. One hundred twenty-five (90%)
were evaluated for treatment and 113 (91%) were initiated on direct-acting antiviral therapy. Median age at initiation of treatment
was 60 years and the majority were black race (90%). Genotype la was most common (70%) and 41% had compensated cirrhosis.
One hundred eight completed treatment and 96% achieved sustained virologic response. Six veterans had virologic relapse; 4 had
treatment-emergent resistance mutations in the NS5a gene. Mean CD4 was 580 cells/mm’ with HIV viral suppression in 82% of the
cohort. In those not treated, unstable housing (25%), active substance use (31%), and psychiatric conditions (42%) were identified

barriers to care.
Conclusions.
on treatment for hepatitis C, 96% of which have been cured.
Keywords.

Through a concerted, systematic effort, over 80% of HIV/hepatitis C persons in the Atlanta VA have been initiated

care continuum; chronic hepatitis C virus; direct-acting antivirals; human immunodeficiency virus; veterans.

Hepatitis C virus (HCV) affects over 3 million persons in the
United States and is one of the most common causes of end-
stage liver disease (ESLD) [1]. Of the 1.2 million persons in
the United States living with human immunodeficiency virus
(HIV), 25% are coinfected with HCV [2]. There are signifi-
cant consequences of HIV/HCV coinfection including lower
likelihood of spontaneous clearance, faster progression to cir-
rhosis, greater incidence of decompensated cirrhosis, higher
rates of hepatocellular carcinoma, and higher rates of liver-
related and all-cause mortality [3-6]. With the advent of
direct-acting antivirals (DAAs), these complications can be
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mitigated, underscoring the necessity of HCV eradication in
this population.

Before 2014, the available therapy for HCV was injectable
interferon (pegylated and nonpegylated) in combination with
ribavirin. This regimen was poorly tolerated with (1) high
rates of treatment limiting adverse events and (2) reported
sustained virologic response (SVR) rates less than 50% in
HCV-monoinfected persons [7, 8] and less than 25% in HIV/
HCV-coinfected persons [9]. During the interferon era, it was
reported that only half of the HCV-infected persons in the
United States were tested and aware of their diagnosis, approx-
imately one third had been referred for HCV care, and only 5%
to 6% had been successfully treated [10].

Oral DAAs have allowed for improved ability to treat HCV,
resulting in shorter treatment duration, minimal side ef-
fects, and significantly higher rates of SVR (>90%) in both
monoinfected and coinfected persons [11-13]. With the
availability of curative HCV therapy, treatment of HIV/HCV
persons should be a priority. However, DAA treatment uptake
has been limited by cost and associated insurance coverage
restrictions [14].
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The US Veterans Health Administration (VHA) is in a unique
position to address challenges posed by chronic HCV infection
and has now become the single largest provider of HCV care in
the United States [15]. In 2001, the VHA implemented compre-
hensive screening guidelines inclusive of the Centers for Disease
Control and Prevention screening recommendations and addi-
tional risk factors such as alcohol use, history of tattoos, mul-
tiple sexual partners, intranasal cocaine use, and service during
the Vietnam era [16]. By 2013, more than 70% of veterans in the
“baby boomer” birth cohort had been screened for HCV [17],
and, when DAA therapy became widely available in 2016, the
VHA announced a systematic and concerted effort to provide
HCV treatment to all veterans with chronic HCV [18]. As of
March 2019, 83% of veterans who started treatment for HCV
have completed treatment and are cured [19].

Aligned with VHA efforts, we aimed to link HIV/HCV-
coinfected veterans into care and initiate HCV treatment at the
Atlanta VA. We describe the HCV care continuum that was pro-
vided to this cohort between 2015 and 2018.

MATERIALS AND METHODS

Study Population and Data Sources

We performed a retrospective cohort study of HCV care
in HIV/HCV-coinfected adults (18 years and older) at the
Atlanta VA Healthcare System (AVAHCS) between January
1, 2015 and October 31, 2018. Patient outreach, linkage, and
treatment were performed through regular patient care but
retrospectively analyzed as an institutional review board-
approved research study.

Using the HIV Atlanta Veterans Affairs Cohort Study
(HAVACS) and HCV VA Clinical Case Registries (HCV CCR),
all veterans at the AVAHCS that were living with HIV and
had either positive HCV serologic testing or ribonucleic acid
(RNA)-based testing were identified.

Data Collection

Each electronic medical record was reviewed by an infectious
disease physician or infectious disease-trained clinical pharma-
cist for validation of HCV and HIV status. The HCV clinical
team was made up of a physician-led HCV team including a
clinical pharmacy specialist, an advanced practice provider, and
a registered nurse. The HCV clinical team educated the HIV
staff and providers and additionally provided direct patient
outreach to link patients into HCV care. Human immunodefi-
ciency virus clinical providers alerted a designated HCV infec-
tious disease physician to an HIV-positive veteran with HCV
viremia. This triggered the process for the veteran to be seen
and evaluated for treatment in hepatitis clinic. Pretreatment
review of appropriateness of HCV treatment and potential
drug-drug interaction with DAA therapy were assessed either
through an electronic consult or during an in-person evalua-
tion. Medications identified to have an interaction with DAA

either were either safely discontinued, antiretroviral (ARV)
medications were adjusted, or a different DAA regimen was
chosen. Veterans who were not viremic, transferred to a dif-
ferent VA facility, lost to follow up, or died before the study were
not included in the analysis.

Data elements of interest included age, sex, race, Charlson co-
morbidity index (CCI), active substance abuse, history of psy-
chiatric condition, and unstable housing. Active substance use
was defined as any use of cocaine, heroin, methamphetamines,
or abuse of prescription opiates within 6 months of contact
regarding HCV treatment and was ascertained via self-report
and/or urine drug screens. Psychiatric condition was defined
as any documented history of generalized anxiety disorder,
posttraumatic stress disorder, major depression, bipolar dis-
order, or schizophrenia. Unstable housing was defined as lack
of housing or requiring the assistance of the US Department
of Housing and Urban Development-VA Supportive Housing
(HUD-VASH) program within 3 months before or after
initiating HCV treatment.

Through manual chart review, HIV- and HCV-specific fac-
tors were collected. These included CD4 lymphocyte count
(cells/mm?), HIV RNA (copies/mL), ARV regimen, need for
ART switch before initiation of DAA, HCV viral load, HCV
genotype, prior HCV treatment experience, presence of cir-
rhosis (evidenced by fibrosis [FIB]4 score >3.25, aspartate
aminotransferase-to-platelet ratio index [APRI] score >I,
Fibroscan >12.5 kPa, or biopsy suggestive of cirrhosis), and
DAA regimen. The resistance tests that were used included the
HCV NS5A Resistance Genotype, the HCV NS5b drug resist-
ance genotype, and the NS3 drug resistance genotype. Two vet-
erans received treatment through the VA Choice Program (the
VA Choice Program allowed veterans to see an HCV provider
in the private sector and fill the DAA prescription at the VA
pharmacy).

Study Definitions and Outcomes

The primary study objective was to identify HIV/HCV chroni-
cally coinfected veterans, link them into HCV care, and initiate
HCV treatment to achieve an SVR. Chronic HCV was defined as
having a detectable viral load at least 3 months before treatment
initiation. If veterans were able to be contacted and presented to
their scheduled HCV clinic appointment, they were considered
to be linked into care. During the evaluation appointment, a
pretreatment assessment was performed. This included the fol-
lowing: assessing their comorbidities; determining their fibrosis
stage either through FIB4 score, APRI score, or Fibroscan;
obtaining baseline laboratory tests including updated HCV
viral load and HIV viral load if indicated; and checking for
other hepatitis viruses. Veterans were then started on DAAs
appropriate for their genotype, fibrosis stage, and renal func-
tion. If drug-drug interactions with DAA therapy was antici-
pated, veteran’s ARV regimen was adjusted before initial HCV
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treatment. Veterans were also assessed for baseline NS5a muta-
tions before DAA therapy if they were treatment experienced,
which assisted in determination of appropriate DAA regimen.
Veterans were seen by an infectious disease physician, physi-
cian assistant, or infectious disease-trained clinical pharmacist
monthly for additional medication and monitoring while on
DAAs. Veterans were determined to have achieved SVR if their
HCV RNA was undetectable (less than lower limit of quan-
tification target or not detected) at least 12 weeks after com-
pletion of treatment. Relapse was defined as a detectable HCV
viral load 12 weeks after completing DAA therapy. If a veteran
experienced a relapse, resistance testing was performed to as-
sess whether they developed a treatment-emergent mutation to
their DAA therapy. Reinfection was defined as detectable HCV
viremia after a veteran achieved SVR and with evidence of high-
risk behavior and/or genotype switch.

Data Analysis

We tabulated the number of HIV/HCV veterans that were
evaluated for treatment, seen in clinic, started on HCV therapy;,
and achieved SVR, which defined the HCV care continuum. We
performed descriptive statistics on patient-level demographics,
clinical characteristics, and treatment regimens. We compared
those who were started on treatment to those who were not
to identify factors associated with poor linkage into care. The
X’ test was used for categorical variables, and Student’s ¢ tests
or Wilcoxon rank-sum test was used for continuous variables.
Two-sided P values were used for all analyses, and P < 0.05

was considered statistically significant. SAS version 9.4 (SAS
Institute Inc.) was used for data management and statistical
analysis.

RESULTS

Study Population

In this all male cohort, the median age was 60 years of age, 90%
were of black race, and 70% were genotype 1a (Table 1). For clin-
ical variables, cirrhosis was observed in 41% of veterans, me-
dian CCI was 3, and median absolute number of comorbidities
was 6. In assessing psychiatric-related conditions, 46% had
evidence of a psychiatric condition, and 16% had active sub-
stance abuse. The untreated group had more active substance
use (31% vs 14%, P = .09) and unstable housing (25% vs 5%,
P = .01) compared with treated group. Of the 12 veterans who
were not treated, 3 (25%) died shortly after evaluation (2 of
which were secondary to complications from ESLD), 5 (42%)
had psychiatric conditions (3 of whom had active psychosis), 3
(25%) were consistently nonadherent to ARVs, 3 were unstably
housed (25%), 1 decided to be treated outside of the VA, and 1
veteran was unable to be contacted for follow up.

Care Continuum and Virologic Response

Two hundred fifty HIV/HCV-coinfected veterans were iden-
tified by the HAVACS and HCV CCR (Figure 1). Of those
identified, 56 were not viremic, 14 died (2 of whom died from
ESLD and 3 died from hepatocellular carcinoma), and 42 were

Table 1. Baseline Characteristics of HIV/HCV-Coinfected Veterans Evaluated for HCV Treatment at the Atlanta VA
Variables Entire Cohort, n (%) Treated, n (%) Untreated, n (%) PValue®
Total persons (n) 125 113 12
Median age (IQR) 60 (55-65) 60 (55-64) 62 (55-67) 0.61
Race

White 9(7) 8(7) 1(8)

Black 113 (90) 103 (91) 10 (83)

Unknown 3(2) 2(2) 1(8)
Genotype 0.86

1a 88 (70) 80 (71) 8(67)

1b 32 (26) 28 (25) 4 (33)

1a/1b 2 (2) 2(2) 0

2b 2(2) 2(2) 0

3a 1(1) 1(1) 0
Cirrhosis 48 (41) 45(40) 3(25) 0.38

Decompensated® 4(3) 2(2) 2 (17) 0.05
Developed hepatocellular carcinoma 3(2) 1(1) 2(17) 0.01
CClI, median (IQR) 3 (2-5) 3 (2-5) 4 (2-6) 0.48
Absolute number of comorbidities, median (IQR) 6 (4-7) 6 (4-7) 5 (3-8) 0.74
Psychiatric condition 57 (46) 52 (46) 5 (42) 0.57
Active substance use 20 (16) 16 (14) 4(31) 0.09
Unstable housing 9 (6) 6 (5) 3 (25) 0.01

Abbreviations: CCl, Charlson comorbidity index; HCV, hepatitis C virus, HIV, human immunodeficiency virus; IQR, interquartile range; VA, Veterans Affairs.

?Pvalues compare those initiated on HCV treatment to those who were not.

®Decompensated cirrhosis was defined as presence of ascites, hepatic encephalopathy, history of bleeding esophageal varices, or hepatorenal syndrome.
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Figure 1.  Study inclusion criteria for human immunodeficiency virus (HIV)/hepa-
titis C virus (HCV)-coinfected veterans at the Atlanta VA Healthcare System. CCR,
VA Clinical Case Registries; HAVACS, HIV Atlanta Veterans Affairs Cohort Study;
RNA, ribonucleic acid.

transferred to a different VA facility. This resulted in 138 vet-
erans who were contacted for HCV treatment. The HCV treat-
ment care continuum is summarized in Figure 2. Of the 138
veterans, 13 (9%) could not be engaged in clinic follow up,
whereas 125 (91%) presented for an initial evaluation in hep-
atitis clinic. These veterans were identified to be linked into
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Figure 2. Hepatitis C virus (HCV) treatment care continuum model of human
immunodeficiency virus/HCV-coinfected veterans at the Atlanta VA Healthcare
System, January 2015-December 2018 (n = 138).

HCV care between January 2015 and October 2018. Of the 125
persons, 113 (90%) were initiated on HCV treatment. At study
end, 3 veterans remained on treatment and 2 veterans had com-
pleted treatment, although SVR data had not yet been obtained;
thus, of the veterans who were started on treatment, 108 (96%)
achieved SVR on either their first or second treatment attempt
with documentation of clinical cure. During the study period,
78% of all HIV/HCV-coinfected veterans had achieved SVR. Of
the 108 veterans who achieved SVR, there were 8 (7%) veterans
who disrupted and discontinued therapy at either 4 or 6 weeks,
all of whom were cured.

Antiretroviral Regimen

In general, the treated cohort had well controlled HIV, with a
median CD4 of 580, and more than 80% of veterans were vi-
rally suppressed at initiation of therapy (Table 2). The most
common ARV regimen at the time of HCV treatment start was
an integrase-based regimen. Sixty-four percent of veterans were
on an integrase-based regimen, 32% of whom required change
to an integrase-based regimen before starting HCV treatment.
Of those who required ARV regimen change, 69% were sec-
ondary to concerns of drug interactions with DAA therapy.

Hepatitis C Virus Treatment and Virologic Response

Table 3 encompasses the DAA regimens and clinical re-
sponse. The most common DAA regimen used was ledipasvir/
sofosbuvir (59%), followed by elbasvir/grazoprevir (10%) and
sofosbuvir/velpatasvir (9%). There were 2 veterans who experi-
enced adverse events leading to treatment discontinuation. One
veteran experienced tongue ulcerations while on ledipasvir/
sofosbuvir, which was discontinued. Once the tongue ulcer-
ations resolved, he was started on glecaprevir/pibrentasvir,
which was well tolerated, and he achieved SVR. Another vet-
eran developed acute renal injury after approximately 6 weeks
of sofosbuvir + daclatasvir, which resolved after discontinua-
tion. This veteran also achieved clinical cure without having to
be started on another treatment regimen.

In total, 6 veterans (5%) experienced a virologic relapse,
only 1 of whom was treatment experienced. Four veterans had
treatment-emergent resistance mutations in the NS5a gene
and all were of black race. Five of the 6 veterans had cirrhosis
and 4 of the 6 were on ledipasvir/sofosbuvir. One veteran had
a 2-week drug interruption, which we believed contributed
to developing resistance. One veterans genotype changed
from 1la to 1b. Two veterans had Q30R mutations, 2 veterans
had L31 mutations, and 2 veterans had Y93H mutations. Five
of 6 veterans were cured after retreatment, and 1 veteran de-
clined retreatment. Retreatment regimens included sofosbuvir/
velpatasvir/voxilaprevir for 12 weeks (1 veteran), sofosbuvir
velpatasvir + ribavirin for 24 weeks (1 veteran), and simeprevir
+ sofosbuvir + ribavirin for 24 weeks (3 veterans). Only 1 of the
6 veterans had a pretreatment CD4 count less than 200, although
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Table 2. HIV Information for Coinfected Veterans Who Initiated HCV
Treatment (n =113)

Variables n (%)
Median CD4 count (IQR, cells/mm®) 580 (379-765)
HIV viral load undetectable 110 (82)
ARV regimen at time of HCV therapy
Integrase-inhibitor-based 79 (64)
NNRTI-based 22 (17)
Pl-based 13 (10)
Other 7 (6)
ARV regimen changed for HCV therapy 36 (32)
ARV regimen change reason
Medication interaction 25 (69)
Optimization of regimen 7 (19)
Other 3(8)

Abbreviations: ARV, antiretroviral; HCV, hepatitis C virus; HIV, human immunodeficiency
virus; 1QR, interquartile range; NNRTI, nonnucleoside reverse-transcriptase inhibitor; PI,
protease inhibitor.

it improved to greater than 200 at the next check 3 months later.
All veterans who experienced a clinical relapse were HIV virally
suppressed. To date, only 1 veteran has been reinfected.

DISCUSSION

In this study, we successfully identified 100% of HIV/HCV-
coinfected veterans at the AVAHCS, saw 91% in HCV clinic,
initiated treatment in over 80%, and 78% of the total cohort
achieved clinical cure by end of the study. The World Health
Organization HCV elimination goals are to diagnose 90% of
persons with HCV and treat everyone identified to have HCV
viremia. In this study, we were close to achieving these goals [20].

Hepatitis C virus treatment in this coinfected population
was well tolerated with limited adverse events; supporting the
safety and tolerability of DAAs in this population. Our find-
ings are similar to other published data of >90% cure rate in
HIV/HCV-coinfected persons [11, 13, 21, 22], further corrob-
orating that HIV/HCV patients can achieve similar cure rates

Table 3. HCV Treatment Regimen and Response (n = 113)

HCV Treatment Regimen n (%)
Ledipasvir/sofosbuvir 73 (569)
Elbasvir/grazoprevir 12 (10)
Sofosbuvir/velpatasvir 11 (9)
Dasabuvir + ombitasvir/paritaprevir/ritonavir 5 (4)
Simeprevir + sofosbuvir 4 (3)
Daclatasvir + sofosbuvir 3(2)
Glecaprevir/pibrentasvir 1(1)
Unknown* (1)

DAA discontinued early although cured 8(7)

Relapsed 6 (5)
Number with resistance 4 (66)
Cured with retreatment 5 (83)

Abbreviations: DAA, direct-acting antiviral; HCV, hepatitis C virus.
*Patient was treated outside of Atlanta VA Healthcare System through the choice program.

as HCV-monoinfected persons. Although there is growing
evidence that HCV regimens shorter than 12 weeks may lead
to treatment failure in HIV/HCV-coinfected persons [23],
8 veterans discontinued treatment at 4 or 6 weeks and still
achieved SVR.

Our cohort has a higher percentage of persons with cir-
rhosis than prior HIV/HCV studies [11, 24]. Cirrhosis was
determined through noninvasive measures, thus there is a
possibility that fibrosis stage was over estimated. Given the
risk of complications and sampling error with biopsy, nonin-
vasive measures of fibrosis have become established methods
of diagnosing advanced fibrosis. Between 2000 and 2013, the
prevalence of cirrhosis in the veteran population increased by
approximately 2-fold, largely secondary to HCV-related cir-
rhosis [25], which could explain the prevalence of cirrhosis
in this cohort. In addition, comorbid alcohol use disorder is
prevalent in the veteran population and contributes to accel-
erated fibrosis progression [26].

In this study, there were 6 veterans who experienced a
virologic relapse, and they were all of black race. A study
that included over 1000 veterans in the greater Los Angeles
area noted that African Americans had a 57% lower odds
of achieving SVR [27]. In addition, Naggie et al [11] exam-
ined HCV treatment with ledipasvir/sofosbuvir in an HIV/
HCV-coinfected population and found that black patients
had lower response rates than other races. They also noted
that the majority of failures were in persons taking efavirenz
therapy, which was not seen in this study. Only 1 of the vet-
erans who relapsed was on efavirenz before HCV treatment.
Sixty-seven percent of the relapses were in patients who re-
ceived ledipasvir/sofosbuvir as their first HCV therapy. Rossi
et al [28] noted that of their 23 clinical failures, 65% were
in persons who received ledipasvir/sofosbuvir, possibly sug-
gesting that lower cure rates are achieved with ledipasvir/
sofosbuvir in the HIV/HCV population. In contrast, in a
large Spanish study, ledipasvir/sofosbuvir was not a factor as-
sociated with treatment failure [22]. Furthermore, 83% of our
virologic relapse occurred in persons with cirrhosis. Several
studies have described lower cure rates in persons with cir-
rhosis, indicating that advanced liver fibrosis may slightly de-
crease the effectiveness of DAA therapy [21, 22, 28].

The importance of prior knowledge of potential drug-drug
interactions between ARVs and DAAs was underscored in this
study. More than 30% of patients required a change in ARV
regimen before starting HCV treatment with the majority of
these changes secondary to potential drug-drug interaction
with DAA therapy. This finding was also noted by Cope et al
[29] where more than 60% of patients required a change in their
ARV regimen before being started on DAA therapy. Most of the
ARV changes were due to patients on older ARV regimens, and
as more patients transition to newer INSTI-based regimens,
there may be decreases in ARV-DAAs drug interaction.
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It has been previously demonstrated that socioeconomic
and psychiatric comorbidities serve as barriers to engaging
in care [30, 31], which was also identified in our study [32].
In our cohort, reasons that veterans were not evaluated in
clinic or started on HCV treatment included transporta-
tion issues, mental health concerns, active substance use,
unstable housing, or comorbidities affecting life expectancy
(ie, advanced metastatic cancer). Unstably housed veterans
suffer from higher rates of chronic disease and comorbidities;
often a combination of psychiatric and medical illnesses [33].
Unstable housing and homelessness have previously been
shown to reduce the likelihood of initiating HCV treatment
and achieving SVR [34, 35]. Although substance abuse was
not statistically significant, our study highlights the role that
substance abuse and unstable housing can play in preventing
engagement into care. In addition, some veterans had medical
conditions that limited their HCV treatment initiation. Those
who were not started on treatment had a slighter higher CCI
(4vs 3).

A strength of this study is that the integrated VHA system
enhanced our ability to identify and treat willing HIV/HCV-
coinfected veterans. The pressures of obtaining insurance cov-
erage before initiating treatment are not present, allowing for
patients to be quickly initiated on therapy after being evaluated.
Even when HIV and HCV clinics are colocated, Rizk et at [36]
recently published that 70.5% were linked into care and 56.1%
achieved SVR12. Falade-Nwulia [37] had similar findings in
inner city Baltimore, Maryland where 72% were initiated on
treatment and 62% achieved clinical cure. In both studies, there
were high rates of public insurance, and Falade-Nwulia [37]
noted that Medicaid was negatively associated with HCV treat-
ment initiation. In addition, this study was multidisciplinary
with the involvement of physicians, advanced practitioners,
pharmacy, and nursing. Given that our study population was
an exclusively male, majority black, veteran population from
a single center, there may be decreased generalizability of our
findings. In addition, we did not include the risk factor for HCV
transmission. As previously mentioned, 1 patient has been re-
infected, and people who inject drugs carry the highest risk for
reinfection [38]. This highlights the need to identify these indi-
viduals and perform additional counseling on reinfection risk.
Finally, the small sample size of our study may limit our ability
to identify differences between HCV-treated and -untreated
groups.

CONCLUSIONS

Treatment of HCV in HIV/HCV-coinfected persons is critical
to decrease progression of fibrosis, development of decompen-
sated cirrhosis, and liver associated-mortality. In this study,
we achieved HCV virologic cure in approximately 80% of the
Atlanta VAs HIV/HCV-coinfected population, contributing
to the growing knowledge that this population can perform

similarly to monoinfected persons. With safe, effective, and
widely available HCV DAA therapy, HCV elimination is attain-
able among HIV/HCV-coinfected persons.
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