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Background. Sofosbuvir-containing regimens have been approved for treatment of hepatitis C virus (HCV)
infection in human immunodeficiency virus (HIV)-infected patients. We assessed the effect of treatment with
sofosbuvir and ribavirin on patient-reported outcomes (PROs) in individuals with HIV/HCV coinfection.

Methods. HIV/HCV-coinfected patients were treated for 12 or 24 weeks with sofosbuvir and ribavirin. Matched
HCV-monoinfected controls were also evaluated. All subjects completed standard PRO questionnaires before,
during, and after treatment.

Results. Included were 497 participants from the PHOTON-1 and PHOTON-2 clinical trials. At baseline, more
impairment in PRO scores was noted in HIV/HCV-coinfected patients, compared with HCV-monoinfected patients.
During treatment, moderate decrements in PRO scores (change, up to −6.8% on a 0%–100% scale; P = .0053) were ex-
perienced regardless of treatment duration and were similar to those for HCV-monoinfected patients (all P > .05). In 413
HIV/HCV-coinfected patients with a virologic response sustained for 12 weeks after treatment cessation, most PRO
scores improved (change, up to +7.6%; P < .0001), similar to findings for HCV-monoinfected patients. In multivariate
analysis, in addition to clinico-demographic predictors, coinfection with HIV was associated with PRO impairment at
baseline (beta, up to −7.6%; P < .002) but not with treatment-emergent changes in PRO scores (all P > .05).

Conclusions. Patients with HIV/HCV coinfection tolerate interferon-free sofosbuvir-based anti-HCV regimens
well and, despite the presence of some baseline impairment, have treatment-emergent changes in PRO scores that are
similar to those of patients with HCV monoinfection.

Clinical Trials Registration. NCT01667731 (PHOTON-1), NCT01783678 (PHOTON-2), NCT01604850
(FUSION), and NCT01682720 (VALENCE).

Keywords. Hepatitis C treatment; HCV/HIV coinfection; health-related quality of life; patient-reported
outcomes; sofosbuvir; ribavirin; cirrhosis.

Chronic hepatitis C is a major cause of mortality and
morbidity worldwide. In particular, hepatitis C virus
(HCV) infection not only has a negatively influence
on clinical and patient-reported outcomes (PROs) but
is also associated with tremendous economic societal
burden [1–4]. Given shared routes of transmission, the
prevalence of HCV infection in individuals who are in-
fected with human immunodeficiency virus (HIV) is
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high. In particular, among HIV-infected individuals with a history
of injection drug use, the rate of coinfection with HCV is re-
ported to be as high as 72%–95% [5–9]. Recently, an increase
in the incidence of HCV infection has also been reported in
HIV-infected men who have sex with men [10–12].

In addition to the high prevalence of HCV infection in HIV-
infected patients, consequences of chronic hepatitis C in these
patients can be more severe. Early studies of HCV-infected pa-
tients with hemophilia suggested an increase in HCV load after
coinfection with HIV [13]. Other studies have reported higher
rates of cirrhosis, decompensated liver disease, and hepatocellu-
lar carcinoma in HIV/HCV-coinfected patients, compared with
HCV-monoinfected patients [14–17].

With the widespread use of antiretroviral therapy, HIV infec-
tion is now viewed by many as a chronic disease, with signifi-
cant improvements in AIDS-related mortality [18, 19]. On the
other hand, liver-related mortality is now the most common
cause of death in HIV/HCV-coinfected individuals [20] and re-
mains a major cause of death for all HIV-infected patients [21,
22]. Given the importance of the clinical burden of HCV infec-
tion in HIV-infected individuals, treatment of HCV infection in
HIV/HCV-coinfected patients is a priority.

The initial standard treatment for HCV infection, pegylated
interferon alfa and ribavirin, was plagued with low efficacy and
high rates of side effects [23, 24]. Furthermore, a high prevalence
of comorbidities in HIV/HCV-coinfected individuals further
limited the number of patients treated with interferon-based
regimens [25]. Although the development of direct-acting anti-
viral agents with the first-generation protease inhibitors im-
proved sustained virologic response (SVR) rates [26–28], the
complexity of the regimen, its substantial side effects, and its
drug-interaction profile limited the usefulness of those direct-
acting antiviral agents in clinical practice [29, 30]. In 2013, the
approval of sofosbuvir (NS5B nucleotide polymerase inhibitor)
brought a new treatment option with high efficacy and a signifi-
cantly improved safety profile to coinfected patients. In fact, the
oral regimen with sofosbuvir and ribavirin (sofosbuvir/RBV)
for 24 weeks is now a preferred regimen for HIV/HCV-coinfected
patients without cirrhosis [31, 32].

Currently available interferon-free regimens are more effica-
cious and safer than previous regimens for patients with chronic
hepatitis C, and they have also improved PROs, such as health-
related quality of life (HRQL), fatigue, and work productivity [33,
34]. At present, it is unclear whether these PRO improvments
can also be seen in HIV/HCV-coinfected patients. Nevertheless,
it is reasonable to expect that patients with HIV/HCV coinfection
have more-impaired PROs at baseline, owing to both the aggres-
sive course of HCV infection in HIV-infected patients [13–17]
and the influence of HIV infection itself [35, 36].

Therefore, the aims of this study were, first, to assess PROs in
patients with HIV/HCV coinfection before the initiaion of
treatment and, second, to assess changes in the PROs during

treatment with sofosbuvir/RBV and after acheiving SVR. We
also aimed to assess independent predictors of each PRO before,
during, and after treatment. We compared baseline PRO scores
and changes in PRO scores between HIV/HCV-coinfected and
HCV-monoinfected patients.

METHODS

Study Cohort
The HIV/HCV-coinfected study population was pooled from the
PHOTON-1 and PHOTON-2 phase 3 clinical trials, which inves-
tigated the safety and efficacy of sofosbuvir 400 mg once daily plus
weight-based ribavirin (1000 or 1200 mg/day) in HIV/HCV-coin-
fected patients. Patients were naive to anti-HCV treatment or
treatment-experienced, and all HCV genotypes were represented
[31, 37]. In those trials, PROs were collected as secondary end
points. Patients were required to be receiving antiretroviral ther-
apy and to have an HIV RNA load of≤50 copies/mL and a CD4+

T-cell counts of >200 cells/µL or were required to have untreated
HIV infection and a CD4+ T-cell count of >500 cells/µL.

HCV-monoinfected controls were identified from 2 regis-
tered trials, FUSION and VALENCE, which investigated the
same sofosbuvir/RBV regimen administered for 12, 16, or 24
weeks [33, 34, 38]. Cases (HIV/HCV-coinfected patients) and
controls (HCV-monoinfected patients, defined as all FUSION
and VALENCE participants who completed PRO question-
naires) were matched by a propensity score that included treat-
ment history, age, sex, body mass index, cirrhosis, baseline
HCV RNA load, history of anxiety, depression, insomnia, clin-
ically overt fatigue, and type 2 diabetes.

Study Definitions
Baseline history of depression, anxiety, clinically overt fatigue,
sleep disorders, and type 2 diabetes or hyperglycemia were
extracted from medical history collected at screening. The pres-
ence of hepatic cirrhosis was evaluated by liver biopsy, Fibroscan,
or Fibrotest in combination with the aspartate transaminase to
platelet ratio, as originally described by Sulkowski et al [31]. At
day 1 of treatment (baseline), HCV RNA load, hemoglobin
level, alanine transaminase level, and CD4+ T-cell count were
measured for all study participants.

Adverse events evaluated in this study (identified by the in-
vestigators as being related to the study) were grouped into
blood and lymphatic system disorders, gastrointestinal disor-
ders, musculoskeletal and connective tissue disorders, nervous
system disorders, psychiatric disorders, skin and subcutaneous
tissue disorders, fatigue-related disorders, influenza-like symp-
tom disorders, and all other disorders.

PROs and Health Utility
Data on PROs and health utility were collected and assessed using
4 PRO instruments: the Short-Form 36 (SF-36) questionnaire,
the Functional Assessment of Chronic Illness Therapy-Fatigue

368 • JID 2015:212 (1 August) • Younossi et al



(FACIT-F) questionnaire, the Chronic Liver Disease Question-
naire–Hepatitis C Virus (CLDQ-HCV) instrument, and the
Work Productivity and Activity–Specific Health Problem
(WPAI:SHP) instrument. These PRO instruments were adminis-
tered to patients at baseline (day 1), during treatment (weeks 4,
12, and 24, where applicable), and at follow-up (weeks 4 and 12
after treatment cessation). The validity of the SF-36 and FACIT-F
questionnaires has been previously assessed in patients with HIV
infection [39–41].

The SF-36 questionnaire is a generic instrument that is widely
used for assessment of HRQL [42]. It uses 8 individual scales:
physical functioning, role physical, bodily pain, general health,

vitality, social functioning, role emotional, and mental health,
as well as 2 summary scores, the physical component summary
score and the mental component summary score. The FACIT-F
questionnaire is a fatigue-specific PRO instrument [43]. It assess-
es 5 individual scales: physical well-being, emotional well-being,
social well-being, functional well-being, and fatigue. The CLDQ-
HCV instrument is a disease-specific PRO instrument that
assesses the HRQL of patients with chronic hepatitis C [44]. It
assesses 4 individual domains: activity and energy, emotional,
worry, and systemic. TheWPAI:SHP instrument assesses impair-
ment in daily activities and work associated with a specific health
problem. It includes the work productivity impairment domain

Table 1. Baseline Clinico-demographic Parameters of the PHOTON-1 and PHOTON-2 Cohorts

Parameter PHOTON-1 (n = 223) PHOTON-2 (n = 274) P Values All (n = 497)

Treatment naive 182 (81.6) 219 (80.0) .64 401 (80.7)

Age, y 49.4 ± 8.7 47.3 ± 7.4 .0001 48.2 ± 8.1
Male sex 185 (83.0) 221 (80.7) .51 406 (81.7)

White 156 (70.0) 259 (94.5) <.0001 415 (83.5)

Black 52 (23.3) 3 (1.1) <.0001 55 (11.1)
Employed 97 (44.9) 148 (55.6) .019 245 (50.8)

BMIa 27.3 ± 4.9 24.3 ± 3.7 <.0001 25.7 ± 4.5

Hemoglobin level, g/dL 14.7 ± 1.5 14.9 ± 1.3 .07 14.8 ± 1.4
Receiving ART 212 (95.1) 265 (96.7) .35 477 (96.0)

CD4+ T-cell count >500 cells/mm3 139 (62.3) 162 (59.3) .50 301 (60.7)

HCV RNA load >106 IU/mL 173 (77.6) 193 (70.4) .07 366 (73.6)
ALT level >1.5 × ULN 117 (52.5) 153 (55.8) .45 270 (54.3)

Cirrhosis 22 (9.9) 54 (19.7) .0024 76 (15.3)

Pretreatment history
Type 2 diabetes 20 (9.0) 6 (2.2) .0007 26 (5.2)

Anxiety 52 (23.3) 23 (8.4) <.0001 75 (15.1)

Depression 122 (54.7) 66 (24.1) <.0001 188 (37.8)
Insomnia 65 (29.2) 40 (14.6) <.0001 105 (21.1)

Fatigue 25 (11.2) 8 (2.9) .0002 33 (6.6)

Treatment with sofosbuvir/RBV
Treated for 12 wks 68 (30.5) 19 (6.9) <.0001 87 (17.5)

Treated for 24 wks 155 (69.5) 255 (93.1) <.0001 410 (82.5)

SVR12 176 (78.9) 237 (86.5) .0251 413 (83.1)
Adverse event

Anemia 21 (9.4) 22 (8.0) .58 43 (8.7)

Fatigue 81 (36.3) 74 (27.0) .026 155 (31.2)
Influenza-like symptoms 4 (1.8) 5 (1.8) .98 9 (1.8)

Gastrointestinal symptoms 45 (20.2) 61 (22.3) .57 106 (21.3)

Musculoskeletal symptoms 18 (8.1) 20 (7.3) .75 38 (7.6)
Nervous symptoms 36 (16.1) 45 (16.4) .93 81 (16.3)

Psychiatric symptoms 58 (26.0) 69 (25.2) .83 127 (25.6)

Skin symptoms 26 (11.7) 50 (18.3) .042 76 (15.3)
Other 48 (21.5) 76 (27.7) .11 124 (25.0)

None 79 (35.4) 95 (34.7) .86 174 (35.0)

Data are no. (%) of patients or mean value ± SD.

Abbreviations: ALT, alanine transaminase; ART, antiretroviral therapy; HCV, hepatitis C virus; IU, international units; RBV, ribavirin; SD, standard deviation; SVR12,
sustained virologic response for 12 weeks after the end of treatment; ULN, upper limit of normal.
a Body mass index (BMI) is defined as the weight in kilograms divided by the height in meters squared.
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and the activity impairment domain [45]. Health utility scores
were assessed using the SF-6D metric derived from the SF-36 in-
strument by a nonparametric Bayesian model [46].

Statistical Analysis
Clinico-demographic parameters and PROs were described as fre-
quencies (percentages) or mean values ± standard deviation in the
study arms separately. The Wilcoxon nonparametric test and the
χ2 test for heterogeneity were used for pairwise comparisons. We
also calculated the changes in PROs and utility scores frombaseline
to all time points and tested those changes for statistical signifi-
cance by using the Wilcoxon signed rank test for matched pairs.

For the case-control analysis of HIV/HCV coinfection versus
HCV monoinfection, a bipartite matching algorithm with the
reverse-squared Euclidean distance for propensity score was

used. Only cases and controls with propensity scores differing
by ≤0.05 were included in the case-control analysis.

Independent predictors of PRO and health utility scores at base-
line, during treatment, and after treatment were assessed in a series
of multiple linear regressions with stepwise selection of predictors
(P = .2 for entering the model, and P = .05 for staying in the
model). A complete list of potential PRO and health utility predic-
tors to be evaluated is as follows: age; sex; ethnicity (white vs other
races/ethnicities); location (United States vs other locations); base-
line body mass index; baseline hemoglobin level; treatment-emer-
gent adverse events; history of prior anti-HCV treatment
(treatment naive vs treatment experienced); pretreatment history
of anxiety, depression, insomnia, clinically overt fatigue, and
type 2 diabetes (all derived from medical history collected at
screening); baseline HCV load (<106 vs >106 copies/mL); baseline

Table 2. Baseline Patient-Reported Outcomes Among PHOTON-1 and PHOTON-2 Participants

Instrument, Scale PHOTON-1 PHOTON-2 P Values Overall

SF-36

Physical functioning 78.4 ± 25.1 81.9 ± 22.5 .33 80.3 ± 23.7
Role physical 73.7 ± 26.5 72.8 ± 25.6 .54 73.2 ± 26.0

Bodily pain 66.0 ± 26.7 73.7 ± 26.4 .0011 70.2 ± 26.8

General health 64.0 ± 23.0 57.5 ± 20.8 .0023 60.5 ± 22.1
Vitality 60.0 ± 23.2 57.6 ± 19.6 .13 58.6 ± 21.3

Social functioning 74.9 ± 26.1 72.1 ± 26.2 .20 73.4 ± 26.1

Role emotional 78.3 ± 24.4 73.1 ± 25.4 .0233 75.5 ± 25.1
Mental health 71.2 ± 20.3 67.0 ± 18.2 .0037 68.9 ± 19.3

Physical component summary 49.0 ± 9.2 50.7 ± 8.7 .037 49.9 ± 8.9

Mental component summary 48.3 ± 10.8 45.3 ± 10.1 .0008 46.7 ± 10.5
FACIT-F

Physical well-being 22.6 ± 5.2 23.1 ± 4.6 .60 22.9 ± 4.9

Emotional well-being 18.1 ± 4.6 18.0 ± 3.9 .45 18.1 ± 4.3
Social well-being 19.6 ± 7.0 18.3 ± 7.0 .0219 18.9 ± 7.0

Functional well-being 19.5 ± 6.6 18.7 ± 5.8 .07 19.1 ± 6.2

Fatigue 38.5 ± 11.7 38.6 ± 10.7 .53 38.6 ± 11.2
Total FACIT-F 118.4 ± 28.2 116.7 ± 25.5 .32 117.5 ± 26.8

CLDQ-HCV

Activity/energy 5.23 ± 1.34 5.17 ± 1.23 .38 5.20 ± 1.28
Emotional 5.27 ± 1.28 5.26 ± 1.08 .42 5.26 ± 1.17

Worry 5.44 ± 1.36 5.50 ± 1.14 .83 5.47 ± 1.25

Systemic 4.80 ± 1.38 5.00 ± 1.18 .15 4.91 ± 1.28
Total CLDQ-HCV 5.18 ± 1.21 5.24 ± 0.98 .93 5.21 ± 1.09

WPAI:SHP

Work productivity impairment 0.14 ± 0.25 0.11 ± 0.17 .45 0.12 ± 0.21
Absenteeism 0.05 ± 0.16 0.01 ± 0.04 .42 0.03 ± 0.11

Presenteeism 0.09 ± 0.18 0.10 ± 0.16 .23 0.09 ± 0.17

Activity impairment 0.18 ± 0.25 0.19 ± 0.25 .33 0.19 ± 0.25
Health utility

SF-6D 0.68 ± 0.15 0.68 ± 0.12 .46 0.68 ± 0.14

Data are mean score ± SD.

Abbreviations: CLDQ-HCV, Chronic Liver Disease Questionnaire–Hepatitis C Virus instrument; FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue
questionnaire; SD, standard deviation; SF-36, Short-Form 36 questionnaire; WPAI:SHP, Work Productivity and Activity–Specific Health Problem instrument.
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alanine transaminase level (<1.5 vs >1.5 times the upper limit of
normal); duration of treatment in weeks; and achievement of
SVR (at the last day of treatment and at follow-up visits only). In
the case-control multivariate analysis, the presence of HIV infec-
tion was also included as one of the PRO/health utility predictors.

All analyses were performed in SAS 9.3 (SAS Institute, Cary,
North Carolina). The study was separately approved by each
site’s institutional review board.

RESULTS

Baseline Clinical Presentation and PROs in PHOTON-1 and
PHOTON-2

In PHOTON-1 and PHOTON-2, 497 HIV/HCV-coinfected pa-
tients were enrolled. Overall, 81% of patients were treatment
naive, the mean age (±SD) was 48.2 ± 8.1 years, 82% were male,
and 15.3% were cirrhotic. Ninety-six percent were receiving

Figure 1. Changes in patient-reported outcomes at the end of treatment (A) and after sustaining a virologic response for 12 weeks after treatment
cessation (B) in patients coinfected with human immunodeficiency virus and hepatitis C virus (HCV). Values above the upper and below the lower red
lines denote statistically significant changes. Abbreviations: BP, bodily pain scale; CLDQ-HCV, Chronic Liver Disease Questionnaire–Hepatitis C Virus;
FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue questionnaire; MCS, mental component summary score; MH, mental health scale;
PCS, physical component summary score; PF, physical functioning scale; RE, role emotional scale; RP, role physical scale; SF, social functioning scale;
SF-36, Short-Form 36 questionnaire; VT, vitality scale; WPAI:SHP, Work Productivity and Activity–Specific Health Problem questionnaire.
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antiretroviral therapy, and 51% reported being employed as of
the first day of treatment (Table 1).

Since PHOTON-1 was primarily conducted in the United
States and PHOTON-2 was primarily conducted in Europe,
some demographic and baseline clinical parameters were differ-
ent between the cohorts (Table 1). In particular, participants in
PHOTON-1 were older and less likely to be white and had a
higher body mass index and a lower prevalence of cirrhosis. Fur-
thermore, the rates of all studied comorbidities, such as depres-
sion, anxiety, insomnia, fatigue, and diabetes, were substantially
higher in PHOTON-1 (Table 1). Owing to differences in study
protocols, the proportion of patients treated for 24 weeks rather
than 12 weeks was higher in PHOTON-2 (93.1% vs 69.5%).

Similar to previous reports [38], scores for the general health
and mental health components of the SF-36 questionnaire, to-
gether with the social well-being domain of the FACIT-F ques-
tionnaire, were lower in PHOTON-2 patients, compared with
PHOTON-1 patients, while the bodily pain scale on the SF-36
questionnaire was higher (P < .05). Scores for other baseline
PROs were similar between the PHOTON-1 and PHOTON-2
cohorts (Table 2).

PROs During Sofosbuvir/RBV Treatment
After initiation of treatment with sofosbuvir/RBV, moderate dec-
rements in some PROs were observed as early as treatment week
4. In particular, significant decrements by this time were found in
the fatigue scale and total score on the FACIT-F questionnaire
and the work productivity and activity impairment domains of
the WPAI:SHP instrument (P < .05; Supplementary Table 1).

By the end of treatment, decrements in these PROs became
more substantial (all P < .05), and the decrement in the mental
component summary of the SF-36 questionnaire and a number of
individual scales (the physical functioning, role physical, vitality,
social functioning, role emotional, and mental health scales of the
SF-36 questionnaire; the physical well-being and functional well-
being domains of the FACIT-F questionnaire; and the activity
and energy domain, emotional domain, and systemic domain
of the CLDQ-HCV instrument, including both presenteeism
and absenteeism of work productivity) also became statistically
significant (Supplementary Table 1 and Figure 1A). The only
PRO scores that improved in patients by the end of treatment
with sofosbuvir/RBV were the emotional well-being domain
of the FACIT-F questionnaire and the worry domain of the
CLDQ-HCV instrument (both P < .05; Figure 1A).

Despite this, by week 4 after treatment, all PRO scores returned
to their baseline levels, while all domains of the CLDQ-HC in-
strument significantly improved (change, up to +6.7% on a
0%–100% normalized PRO scale; all P < .05; Supplementary
Table 1).

Between the 2 study cohorts, no difference in treatment-
emergent PRO changes was observed throughout treatment
(allP > .05). However, byweek 4 after treatment, improvements in

CLDQ-HCV and SF-6D scores, compared with baseline values,
were statistically significant only in PHOTON-1 (Supplementary
Table 1).

PROs After Achieving SVR for 12 Weeks After Treatment
Cessation (SVR12) in Patients With HIV/HCV Coinfection
Of the entire cohort, 413 patients (83%) achieved SVR (Table 1).
In patients with SVR12, most PRO scores improved from

Table 3. Baseline Patient-Reported Outcomes Among PHOTON-1
and PHOTON-2 Participants With Human Immunodeficiency Virus
(HIV) and Hepatitis C Virus (HCV) Coinfection and Matched HCV-
Monoinfected Controls

Instrument, Scale
Coinfected
(n = 211)

Monoinfected
(n = 211)

P
Values

SF-36
Physical functioning 79.4 ± 23.5 85.9 ± 19.3 .0024

Role physical 70.9 ± 25.3 77.8 ± 26.0 .0011

Bodily pain 69.7 ± 27.4 74.9 ± 25.4 .06
General health 57.0 ± 21.9 61.2 ± 23.5 .036

Vitality 57.9 ± 19.9 60.2 ± 23.4 .10

Social functioning 71.6 ± 26.2 80.3 ± 24.7 .0002
Role emotional 72.3 ± 24.7 77.5 ± 27.1 .0078

Mental health 68.4 ± 18.7 67.7 ± 21.0 .84

Physical component
summary

49.2 ± 9.2 52.1 ± 7.9 .0027

Mental component
summary

46.1 ± 9.9 46.8 ± 11.5 .19

FACIT-F

Physical well-being 22.8 ± 4.9 23.7 ± 4.8 .025

Emotional well-being 17.9 ± 4.2 17.7 ± 4.5 .65
Social well-being 19.1 ± 6.9 21.3 ± 5.8 .0019

Functional well-being 18.8 ± 5.9 19.8 ± 5.9 .046

Fatigue scale 38.7 ± 10.6 39.6 ± 11.4 .13
Total FACIT-F 117.1 ± 25.6 122.1 ± 26.6 .026

CLDQ-HCV

Activity/energy 5.10 ± 1.28 5.26 ± 1.41 .09
Emotional 5.23 ± 1.11 5.29 ± 1.23 .30

Worry 5.37 ± 1.18 5.40 ± 1.27 .60

Systemic 4.85 ± 1.24 5.12 ± 1.30 .029
Total 5.14 ± 1.02 5.27 ± 1.14 .10

WPAI:SHP

Work productivity
impairment

0.12 ± 0.21 0.15 ± 0.25 .60

Absenteeism 0.02 ± 0.07 0.03 ± 0.11 .50

Presenteeism 0.10 ± 0.18 0.12 ± 0.20 .79
Activity impairment 0.20 ± 0.26 0.18 ± 0.26 .31

Health utility

SF-6D 0.66 ± 0.12 0.70 ± 0.14 .0042

Data are mean score ± SD.

Abbreviations: CLDQ-HCV, Chronic Liver Disease Questionnaire–Hepatitis C
Virus; FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue
questionnaire; SF-36, Short-Form 36 questionnaire; WPAI:SHP, Work
Productivity and Activity–Specific Health Problem questionnaire.
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baseline levels (Supplementary Table 1 and Figure 1B). The
greatest improvement was observed in the worry domain of the
CLDQ-HCV instrument (change, +7.6% on a 0%–100% nor-
malized PRO scale; P < .0001). Also, similar to findings from
week 4 after the end of treatment, post-SVR12 improvements
in the overall CLDQ-HCV score, the SF-6D score, and the bodily
pain scale of the SF-36 questionnaire were greater in PHOTON-1
patients, compared with PHOTON-2 patients, while post-SVR
changes in other PRO scores were similar between the 2 study
cohorts (Supplementary Table 1).

Among HIV/HCV-coinfected patients who did not achieve
SVR and completed PRO questionnaires at follow-up week 12
(n = 23), no improvement was observed in any PRO score. Fur-
thermore, residual decrement from baseline in the general health
scale of the SF-36 questionnaire (change, −5.7; P = .0259, com-
pared with patients with SVR) and the physical well-being
(−1.7; P = .0047) and fatigue (−2.5; P = .0199) scales of the
FACIT-F questionnaire was observed in those patients.

PRO Scores in HIV/HCV-Coinfected Patients Versus Those in
HCV-Monoinfected Patients
To compare HIV/HCV coinfection with HCV monoinfection,
we matched HIV/HCV-coinfected patients to HCV-monoin-
fected controls from the FUSION and VALENCE trials [33,
34, 38]. Of PHOTON-1 and PHOTON-2 participants, 211
had matched monoinfected controls.

A number of baseline PRO scores were lower in the HIV/HCV-
coinfected group, including the physical functioning, role physical,
general health, social functioning, role emotional, and physical
component summary scales of the SF-36 questionnaire; the phys-
ical well-being, social well-being, and functional well-being do-
mains of the FACIT-F questionnaire; the systemic domain of
the CLDQ-HCV instrument; and the SF-6D instrument (Table 3).
In multivariate analysis, HIV infection was also independently as-
sociated with a lower baseline physical component summary scale
(β =−2.65; P = .0013), after adjustment for sex, treatment history,
pretreatment depression, fatigue, and insomnia.

Figure 2. Patient-reported outcomes throughout treatment with sofosbuvir/ribavirin in patients coinfected with human immunodeficiency virus and hep-
atitis C virus (HCV) and matched controls with HCV monoinfection. The physical component summary (PCS) score is significantly lower in HIV/HCV-coin-
fected patients, compared with HCV-monoinfected patients (P < .05) at baseline, 12 weeks after treatment cessation in those who achieved sustained
virologic response (SVR12); mental component summary at posttreatment week 4; fatigue scale at SVR12; total Functional Assessment of Chronic Illness
Therapy-Fatigue (FACIT-F) questionnaire baseline, SVR12; Chronic Liver Disease Questionnaire–Hepatitis C Virus (CLDQ-HCV) instrument at SVR12; work
productivity and activity impairment of Work Productivity and Activity–Specific Health Problem (WPAI:SHP) questionnaire are similar between HIV/HCV-
coinfected patients and HCV-monoinfected subjects at all time points (all P > .05). Abbreviations: AI, activity impairment; FS, fatigue scale; WI, work pro-
ductivity impairment.
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Throughout treatment, some of the PRO scores remained
lower in patients with HIV infection (Figure 3). Furthermore,
similar to baseline findings, the absolute values of most PRO
scores remained lower in HIV/HCV-coinfected patients than
in HCV-monoinfected patients, even after achieving SVR. De-
spite this, all treatment-emergent decrements and post-SVR12
improvements in PRO scores were similar between patients
with HIV/HCV coinfection and those with HCV monoinfec-
tion (all P < .05; Table 4).

During and after treatment, HIV infection was independent-
ly associated with lower physical component summary scale, fa-
tigue scale, and total scores on the FACIT-F questionnaire and
CLDQ-HCV instrument at different time points after adjust-
ment for clinico-demographic confounders (β, up to −7.0%;
P = .0088). However, no association between HIV infection
and treatment-emergent and posttreatment changes in PRO
scores was found (all P > .05).

PRO Scores and Cirrhosis in HIV/HCV-Coinfected Patients
There were 76 HIV/HCV-coinfected patients (15.3%) with cir-
rhosis enrolled in PHOTON-1 and PHOTON-2. At baseline,
most of the PRO scores were lower in patients with cirrhosis,
including the physical functioning, role physical, general health,
social functioning, role emotional, and physical component
summary scales of the SF-36 questionnaire; the physical well-
being, emotional well-being, and fatigue scales and total score
of the FACIT-F questionnaire score; the activity and energy,
worry, and systemic domains and total score of the CLDQ-
HCV instrument; and the work productivity, presenteeism,
and activity domains of the WPAI:SHP instrument (change,
up to 11.9%; all P < .05), compared with patients without cir-
rhosis (data not shown). Throughout treatment and after
achieving SVR, some of the PRO scores remained lower in pa-
tients with cirrhosis. Despite this, all treatment-emergent and
post-SVR12 changes in PRO scores (Figure 2) were similar

Table 4. Treatment-Emergent Changes in Patient-Reported
Outcome Scores Among Patients Coinfected With Human
Immunodeficiency Virus (HIV) and Hepatitis C Virus (HCV) and
Matched Controls with HCV Monoinfection

PRO, Time Point Coinfected Monoinfected
P

Values

SF-36: physical component summary
Baseline 49.23 ± 9.16 52.11 ± 7.90 .0027

Changea by:

Week 4 −0.62 ± 6.05 −1.36 ± 5.85c .07
End of treatment −0.46 ± 7.53 −1.64 ± 6.54c .11

4 wks after treatment 0.99 ± 6.51c −0.31 ± 7.04 .07

SVR12 0.74 ± 6.95 0.73 ± 6.47 .99
SF-36: mental component summary

Baseline 46.06 ± 9.90 46.77 ± 11.49 .19

Changea by:
Week 4 −0.65 ± 8.20 −0.96 ± 8.60 .57

End of treatment −2.38 ± 9.16c −1.79 ± 9.10c .72

4 wks after treatment −1.60 ± 9.17c 0.12 ± 9.43 .05
SVR12 1.33 ± 8.86c 1.62 ± 9.18 .77

Fatigue (FACIT-F)

Baseline 38.70 ± 10.56 39.60 ± 11.38 .13
Changea by:

Week 4 −1.35 ± 8.33 −0.84 ± 8.36 .81

End of treatment −2.48 ± 9.25c −2.99 ± 9.56c .54
4 wks after treatment −0.34 ± 9.41 0.08 ± 9.53 .67

SVR12 1.19 ± 8.50c 1.54 ± 8.20c .80

Total FACIT-F
Baseline 117.13 ± 25.64 122.10 ± 26.58 .026

Changea by:

Week 4 −2.41 ± 18.09 −4.16 ± 15.64c .14
End of treatment −5.05 ± 19.04c −7.45 ± 20.61c .74

4 wks after treatment −0.49 ± 20.55 −0.54 ± 20.08 .76

SVR12 2.15 ± 19.81 3.30 ± 17.37c .21
CLDQ-HCV

Baseline 5.14 ± 1.02 5.27 ± 1.14 .10

Changea by:
Week 4 0.08 ± 0.74 −0.04 ± 0.64 .19

End of treatment −0.07 ± 0.86 −0.10 ± 0.78 .87

4 wks after treatment 0.14 ± 0.80c 0.20 ± 0.83c .37
SVR12 0.23 ± 0.91c 0.34 ± 0.84c .22

Work productivity impairment (WPAI:SHP)

Baseline 0.121 ± 0.208 0.150 ± 0.248 .60
Changeb by:

Week 4 0.090 ± 0.275c 0.045 ± 0.153c .64

End of treatment 0.110 ± 0.241c 0.114 ± 0.237c .47
4 wks after treatment 0.050 ± 0.254 −0.005 ± 0.262 .30

SVR12 0.014 ± 0.235 0.009 ± 0.170 .18

Activity impairment (WPAI:SHP)
Baseline 0.204 ± 0.256 0.181 ± 0.259 .31

Changeb by:

Week 4 0.047 ± 0.271c 0.070 ± 0.233c .70
End of treatment 0.062 ± 0.264c 0.083 ± 0.261c .33

4 wks after treatment 0.016 ± 0.255 −0.022 ± 0.223 .32

SVR12 −0.001 ± 0.269 −0.009 ± 0.226 .84

Table 4 continued.

PRO, Time Point Coinfected Monoinfected
P

Values

SF-6D health utility
Baseline 0.663 ± 0.116 0.702 ± 0.142 .0042

Changea by:

Week 4 −0.010 ± 0.099 −0.031 ± 0.118c .19
End of treatment −0.008 ± 0.122 −0.031 ± 0.130c .13

4 wks after treatment 0.002 ± 0.131 −0.007 ± 0.132 .87

SVR12 0.001 ± 0.113 0.015 ± 0.123 .90

Data are mean score ± SD.
a A positive change indicates improvement.
b A positive change indicates decrement.
c Significant difference from patients’ own baseline value (P < .05, by a paired
nonparametric test).
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between cirrhotic and noncirrhotic patients (all P > .05), except
for the general health scale of the SF-36 questionnaire, which
improved more in cirrhotic patients (change, +11.3%), com-
pared with noncirrhotic patients (change, +1.9%; P = .0002).

In multivariate analysis, cirrhosis during HIV/HCV coinfec-
tion was independently associated with lower PRO scores, in-
cluding the physical component summary scale, fatigue scale,
CLDQ-HCV instrument, and activity impairment domain (β,
up to −12.9%; P < .0001; Supplementary Table 2). However,
no association between cirrhosis and treatment-emergent or
post-SVR changes in PROs was found (all P > .05).

PROs and Treatment Duration in HIV/HCV Coinfection
In PHOTON-1 and PHOTON-2, 87 patients were treated for 12
weeks, whereas 410 received sofosbuvir/RBV for 24 weeks.
When end-of-treatment PRO scores were compared between
patients who had received the 12-week regiment and those
who had received the 24-week regimen, no difference was
found for any summary or individual PRO scale (all P > .05).

Independent Predictors of PROs in HIV/HCV-Coinfected Patients
In multivariate analysis (Supplementary Table 2), consistent
predictors of PRO scores at different time points were baseline
depression (β, up to −14.5%), anxiety (up to −10.2%), fatigue
(up to −15.4%), insomnia (up to −7.3%), cirrhosis (up to
−12.9%), male sex (up to +15.1%), and being enrolled in the
United States (up to +14.4%). Being treatment naive and youn-
ger were associated with a higher physical component summary
(changes, up to +8.5% and −0.53% per year, respectively).

Achieving SVR12 was associated with lower work productiv-
ity impairment at posttreatment week 4 (β, −0.18) and with
lower absenteeism (β, −0.13; both P < .05). In addition to
these, experiencing adverse events was associated with lower
PRO scores at different time points, including treatment-emergent

fatigue (β, up to −12.5%), gastrointestinal disorders (up to
−10.7%), musculoskeletal disorders (up to −11.3%), nervous
disorders (up to −12.4%), psychiatric disorders (up to −7.7%),
and skin disorders (up to −20.8%; all P < .05; Supplementary
Table 2). Finally, treatment duration was not associated with
any end-of-treatment PRO score (all P > .05).

DISCUSSION

This is the first in-depth evaluation of patient experience based
on the assessment of PROs in HIV/HCV-coinfected individuals
with 4 validated PRO instruments before, during, and after
treatment with any interferon-free anti-HCV regimen.

Our data show that patients with HIV/HCV coinfection have
greater impairment in PROs before the initiation of treatment
than matched controls with HCV infection alone. These results
contrast with those of a prior study that reported no difference
in HRQL between HCV/HIV-coinfected patients and HCV-
monoinfected patients [47]. Although the exact reasons are un-
known, we suspect that differences in the patient populations
that were included in these 2 studies (patients from tertiary
care centers vs clinical trial subjects) can explain the difference.

Our data also show that, despite some baseline impairment,
HIV/HCV-coinfected patients tolerate sofosbuvir/RBV quite
well, with high SVR12 rates and substantial gains in PRO scores.
The minimal PRO score decrements seen during the treatment
regimen are similar to those reported for HCV-monoinfected
patients [33, 34, 38]. In fact, these minimal decrements in
PRO scores during treatment have previously been shown to
be associated with RBV-related side effects [48].

Another very important finding of our study is the significant
improvement of some PRO scores in patients HIV/HCV coinfec-
tion who achieved SVR12. These improvements were seen in a

Figure 3. Normalized changes in patient-reported outcomes at the end of treatment (A) and after sustaining a virologic response for 12 weeks after
treatment cessation (B) in patients coinfected with human immunodeficiency virus and hepatitis C virus who did (n = 76) or did not (n = 421) have cirrhosis.
All P values were > .05 for comparisons between cirrhosis and noncirrhosis cohorts. Abbreviations: CLDQ-HCV, Chronic Liver Disease Questionnaire–
Hepatitis C Virus instrument; FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue questionnaire; MCS, mental component summary
score; PCS, physical component summary score; SF-36, Short-Form 36 questionnaire.
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number of PROs and are also similar to improvements seen for
patients with HCV monoinfection [33, 34, 38]. Furthermore,
these benefits were seen in individuals with HIV/HCV infection
who had severe liver disease, as documented by the presence of
cirrhosis, despite the fact that, similar to previous reports [49],
patients with cirrhosis had more impairment in PRO scores at
baseline. In fact, improvement in the general health scale of the
SF-36 questionnaire was more substantial in cirrhotic patients
than in noncirrhotic patients who achieved SVR12. Given the in-
creasing incidence of cirrhosis in HIV/HCV-coinfected patients,
the improvement in PRO scores in cirrhotic patients with HIV/
HCV could have important implications.

Finally, our multivariate analysis indicated that, similar to
HCV-monoinfected patients [33, 34, 38, 48, 49], depression, fa-
tigue, and RBV-associated side effects were independent predic-
tors of PRO scores in patients with HIV/HCV coinfection.

In summary, our data indicate that HIV/HCV-coinfected pa-
tients tolerated treatment with sofosbuvir/RBV quite well and to
an extent similar to that for monoinfected patients. In fact, PRO
scores improved in HIV/HCV-coinfected patients receiving the
interferon-free regimen who achieved SVR. Furthermore, these
improvements in PRO scores were similar to those for patients
with HCV monoinfection, despite the lower baseline scores for
these patients. Our data support the fact that these patients
benefit from not only achieving a high SVR rate, along with
its beneficial clinical implication, but also from experiencing
significant improvement in PROs, along with its beneficial pa-
tient experience implication. The combination of both clinical
and PRO benefits should lead to the prioritization of treatment
for HIV/HCV-coinfected patients, given their more aggressive
liver disease progression, even in the highly active antiretroviral
therapy era. We believe that treatment of HIV/HCV-coinfected
patients with these highly effective and safe treatment regimens
is certainly good for patients and cost-effective from a societal
perspective.
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