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Abstract
Background & Aims: The long-term impact of hepatitis C virus (HCV) therapy with all-
oral direct-acting antivirals (DAAs) on patient-reported outcomes (PROs) has not been 
well-described. We characterized changes in PROs from pre-treatment to 12 months 
post-treatment in a real-world cohort.
Methods: PROP UP was a multi-centre observational cohort study of 1601 patients 
treated with DAAs at 11 US gastroenterology/hepatology practices from 2015 to 
2017. PROs were evaluated pre-treatment (T1) and 12 months post-treatment (T5). A 
minimally important change (MIC) threshold was prespecified as >5% change in PRO 
scores from T1 to T5. Multivariable analyses identified predictors of change.
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1  | INTRODUC TION

In addition to its effects on the liver, hepatitis C virus (HCV) causes 
extrahepatic manifestations and negatively impacts health-related 
quality of life (HRQoL) with somatic, neuropsychiatric and gastroin-
testinal symptoms.1-3 Improvements in HRQoL were observed with 
successful HCV treatment in the era of interferon-based regimens.4 
Data from studies of all oral direct-acting antivirals (DAAs), how-
ever, are largely derived from industry-sponsored trials with care-
fully selected patient populations5-7 or have small sample sizes, short 
follow-up or do not comprehensively evaluate a full spectrum of po-
tential patient-reported outcomes (PROs).8-10

We conducted a prospective, multi-centre study, PROP UP, to evaluate 
the impact of HCV DAA therapy on symptoms and functioning in a large 
real-world population. Baseline, on-treatment, and 3 months post-treat-
ment data have been previously reported.11,12 In this analysis, we evaluate 
change in symptoms and functioning from baseline (T1) to 12 months (T5) 
following the end of HCV treatment to characterize durability of long-term 
benefits of cure with regards to 10 specific symptoms, total symptom 
burden, functional well-being and self-reported health comorbidities.

2  | METHODS

2.1 | Study overview

PROP-UP was a multi-center, prospective, observational cohort study 
that from 2015 to 2017 enrolled 1601 patients across the US to evalu-
ate experiences associated with DAA treatment for chronic HCV with 
details published previously.11,12 The primary outcomes in this report 
include PRO scores for (a) 10 specific symptoms, (b) total symptom bur-
den, (c) functional well-being, and (d) self-reported health conditions. 

Patients were prescribed one of five DAA regimens as standard of care: 
(sofosbuvir/ledipasvir (SOF/LED), sofosbuvir/velpatasvir (SOF/VEL), 
elbasvir/grazoprevir (ELB/GRZ) ombitasvir/paritaprevir/ritonavir with 
dasabuvir (OBV/PTV/r + DSV) and sofosbuvir/daclatasvir (SOF/DAC).

2.2 | Study settings

The University of North Carolina at Chapel Hill was the lead site. 
The study included eight other US gastroenterology/hepatology 
academic medical centres and two community-based practices for 
a total of 11 sites. Local institutional review board approval was 
obtained prior to study recruitment and data collection at each site.

2.3 | Inclusion/exclusion criteria

Eligible patients included those diagnosed with chronic HCV, English 
speaking, age 21 years or older and prescribed one of the five DAA 
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Results: Three-quarters of patients were 55 or older; 45% were female, 60% were 
white, 33% were black, nearly half had cirrhosis. The most commonly-prescribed 
DAA regimens were sofosbuvir-based (83%) and grazoprevir/elbasvir (11%). Study re-
tention was >95%. On average, small improvements were observed at 3 months post-
treatment in all PROs and sustained at 12  months post-treatment among patients 
with sustained virologic response (SVR). Clinically meaningful improvements were 
achieved in fatigue (mean change score: −3.7 [−4.2, −3.1]), sleep (mean change score: 
−3.1 [−3.7, −2.5]), abdominal pain (mean change score: −2.6 [−3.3, −1.9]) and functional 
well-being (mean change score: −7.0 [−6.0, −8.0]). Symptom improvements were gen-
erally not sustained with no SVR (n = 52). Patients with cirrhosis and MELD ≥12 had 
the greatest improvements in functional well-being (−12.9 [−17.6, −8.1]).
Conclusions: The improvements in patient-reported outcomes reported by pa-
tients who achieved SVR following HCV DAA therapy were durable at 12 months 
post-treatment.
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Lay summary

A total of 1601 patients undergoing treatment for Hepatitis 
C and nearly half with cirrhosis were recruited from 11 
medical practices in North America. Patients who achieved 
Hepatitis C cure experienced significant improvement in 
fatigue, sleep, stomach pain and functional well-being that 
were maintained at 12 months after therapy completion. 
Patients reported that their medical conditions improved; 
those with cirrhosis achieved the greatest improvements in 
functional well-being.
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regimens. Exclusion criteria included: unable to provide informed 
consent, current participation in a pharmaceutical-sponsored drug 
trial of HCV treatment, believed to have major cognitive or mental 
impairment by the clinical provider, unable to read or speak English 
or unwilling or unable to complete study surveys.

2.4 | Recruitment, consent, enrolment

Patients were recruited from hepatology outpatient clinics by pro-
viders who referred eligible patients to the study. Research staff 
consented patients in person in the clinic or over the phone after 
consent forms and a recruitment letter were mailed to patients. 
Consented participants were officially enrolled in the study if he/
she completed the baseline PRO surveys before starting DAA 
therapy and officially started DAA treatment. Baseline PRO sur-
veys were required to be completed within 90 days prior to start-
ing treatment. Patients began enrolment at University of North 
Carolina in November 2015 and at collaborating sites in January 
2016. Recruitment ended in October 2017 and final data collection 
ended in July 2018.

2.5 | Timing of data collection

In addition to baseline demographic and clinical characteristics, 
PROs were obtained from patients up to 90 days before starting 
treatment (T1); two time points during DAA treatment (T2, T3), 
3 months post-treatment (T4), and 12 ± 2 months post-treatment 
(T5). This analysis focused on PRO changes from T1 to T5 and 
durability of PRO changes from T4 to 12 months post-treatment 
(T5).

2.6 | Minimally important change (MIC) in 
PRO measures

At the outset of the study, we pre-defined the minimally important 
change (MIC) as a change in PRO mean scores of >5% from base-
line. The 5% MIC threshold was chosen based on: (a) guidance 
from our HCV Patient Engagement Group; (b) information from the 
PROP-UP baseline scores; and (c) review of the literature on PRO 
instruments.7,13-16 The 5% MIC was reflected as a 2.5-point change 
for all PROMIS symptom measures, 3.0-point change for Total 
Memorial Symptom Assessment Scale (TMSAS), and 4.0 change for 
the HCV-PRO.

2.6.1 | Overall symptom burden

The Memorial Symptom Assessment Scale (MSAS) is a reliable and 
validated instrument that was used to capture Overall Symptom 

Burden.17,18 The MSAS evaluates 32 of the most common symptoms 
of medical conditions. As described in our previous publications, A 
higher TMSAS score reflects higher symptom burden.12,19 Change in 
the total symptom burden (TMSAS) score from baseline (0–4) was 
calculated and multiplied by 10 to be on similar scale as other PRO 
scores.

2.6.2 | Specific symptoms/side effects

As described in previous publications, 10 short forms from the 
Patient-Reported Outcomes Measurement Information System® 
(PROMIS®) were used to measure HCV-associated symptoms.12,19 
PROMIS scores are scaled to a standardized T-score metric with a 
mean of 50 and standard deviation of 10 for the US general popu-
lation and have been validated for HCV.19 Higher scores indicate 
worse symptoms/side effects. The 10 PROMIS short forms used 
to evaluate change in symptoms over time are listed in Table S1.

2.6.3 | Functional well-being

The HCV-PRO is a new HCV-specific survey designed to assess the 
well-being and functional status of HCV patients.20 HCV-PRO in-
cludes 16 items that measure physical, emotional, social functioning, 
productivity, intimacy and perception of quality of life rated on a 
5-point ordinal rating scale from 1 = ‘all of the time’ to 5 = ‘none of 
the time’. The scale ranges from 0-100, with higher scores indicating 
better functioning.

2.6.4 | Health comorbidities

Based on medical history forms, we developed a survey of 34 com-
mon health conditions described in layperson terms. At baseline pa-
tients reported whether they (a) never had the condition; (b) had it 
previously; or (c) have it currently. At 12 months post-treatment (T5) 
participants indicated whether they believed their baseline health 
conditions ‘stayed the same,’ ‘got worse,’ or ‘got better.’ Studies sug-
gest a strong correlation between patient-reported chronic medi-
cal conditions and objective clinical data extracted from medical 
records.21

2.7 | Other self-report data

2.7.1 | Sociodemographics

Sociodemographic information was self-reported at baseline to 
characterize the study sample: year of birth, sex, race, ethnicity, 
marital status, educational status, income level, employment status 
and health insurance status.
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2.7.2 | Psychiatric and substance use history

Participants self-reported responses to 10 questions related to psychiat-
ric history and drug and alcohol use. For analytic purposes, we classified 
patients who reported any lifetime psychiatric hospitalizations or cur-
rently taking psychiatric medications at baseline as having ‘mental health 
issues’. Three questions from the Alcohol Use Disorder Identification Test 
(AUDIT)22 evaluated frequency and quantity of alcohol consumption at 
baseline. Patients with alcohol use were defined as those who scored ≥5 
on the three AUDIT items.22,23 Two questions from the Substance Abuse 
Mental Illness Symptoms Screener (SAMISS) evaluated frequency of 
drug use in the past year, including use of nonprescription street drugs 
and prescription drugs.23 Patients with substance use were defined as 
those who reported use of non-prescription illicit street drugs or misuse 
of prescription medications in the year prior to enrolment.

2.8 | Clinical data from medical records

2.8.1 | Laboratory, clinical and treatment variables

HCV genotype, HCV RNA level, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), albumin, total bilirubin, platelets, 
haemoglobin, creatinine, international normalized ratio (INR), HIV, 
DAA treatment regimen, treatment duration and treatment experi-
ence were extracted from medical records, some of which were used 
to cross-reference with cirrhosis classification below.

2.8.2 | Cirrhosis

Patients were classified as having cirrhosis based on review of clini-
cal, laboratory, imaging, histology, and transient elastography data 
in electronic health records. The model for End-Stage Liver Disease 
(MELD) was calculated among patients with cirrhosis 24; MELD ≥12 
were used to indicate advanced liver disease. Adjudication of cases 
with inconsistent data was made by an experienced hepatologist 
(MWF) or by site investigators/hepatologists.

2.8.3 | Sustained virological response

Sustained virological response (SVR) status was ascertained from 
medical records and was defined as undetectable HCV RNA (quali-
tative or quantitative) at 10 or more weeks after treatment comple-
tion. In 15 patients, lack of SVR was based on quantifiable positive 
HCV RNA test around follow-up week 4.

2.9 | Analysis plan

The primary analysis was to evaluate mean change in PRO scores 
from baseline (T1) to 12  months post-treatment (T5) in patients 

who completed T1 and T5 surveys, had HCV RNA data available 
post-treatment to determine SVR status and who had achieved 
SVR (n = 1,277). Secondarily, we described change in PROs from T4 
(3 months post-treatment) to T5. Lastly, we examined changes from 
T1 to T5 in a small subgroup of patients who did not achieve SVR 
(n = 52) and had complete T1 and T5 data.

To analyse change from baseline to 1-year post-treatment 
(T5-T1) in specific symptoms and functioning in patients with doc-
umented SVR, we used a data-splitting strategy and unsupervised 
LASSO algorithms. Generalized linear models were used for both 
exploratory predictive model development (in Sample 1) and for 
confirmatory evaluation of models specified a priori (in Sample 2). 
Participants were randomly assigned to two groups: Sample 1 or 
Sample 2. Using Sample 1 (n  =  600), we evaluated a larger set of 
candidate predictor variables that might be associated with change 
in each PRO. Covariates available for selection in the Sample 1 anal-
yses included: age, sex, race, ethnicity, cirrhosis status, MELD score, 
employment, education, income, alcohol use, substance use, mental 
health issues, HIV, DAA regimen, ribavirin (RBV) use, treatment du-
ration, treatment experience and number of health comorbidities. 
In Step 2, Sample 2 was used to validate the predictive value of the 
variables selected from the Sample 1 analysis. The variables in the 
model were considered validated if their regression coefficients 
were statistically significant at alpha = 0.01.

3  | RESULTS

The analytic cohort, including patients who completed PROs around 
12  months post-treatment (11  months  ±  3  months) and had HCV 
RNA SVR data available (n = 1329), is shown in Figure 1.

3.1 | Patient characteristics

The baseline characteristics of the study sample with T5 data 
(n = 1329) stratified by SVR are provided in Table 1. Three-quarters 
of patients were older than 55 years; 45% were female, 60% were 
white, 33% were black, 4% reported Hispanic/Latino ethnicity, 
38% were working full-time and 47% had cirrhosis. Most patients 
were prescribed sofosbuvir-based regimens for 12 weeks and had 
genotype 1 HCV. Patients had, on average five health comorbidities 
(range: 0-17). At baseline, 35% reported ever having mental health 
disturbances, 14% had baseline alcohol misuse, and 22% had re-
ported substance use within the year prior to enrolment.

3.2 | PRO changes 12 months after HCV treatment 
with DAAs

PRO change scores from baseline (T1) to 12  months post-treat-
ment (T5) by SVR status are shown in Figure  2. In 1,277 pa-
tients who achieved SVR, all PRO mean change scores improved 
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(negative sign indicates improvement); however, not all changes 
met the 5% MIC threshold. Clinically significant (defined by the 5% 
MIC threshold) improvements at 12-months post-SVR were found 
for Fatigue (−3.7 [−4.2, −3.1]), Sleep Disturbance (−3.1 [−3.7, −2.5]), 
Abdominal Pain (−2.6 [−3.3, −1.9]) and Functional Well-being (−7.0 
[−6.0, −8.0]).

3.3 | Multivariable models predicting PRO changes 
from baseline (T1) to 12 months post-treatment (T5)

A total of 12 confirmatory regression models were fit predict-
ing PRO changes at 12  months post-treatment in patients who 
achieved SVR (Table S2). Broadly speaking, the strongest, most 
consistent independent predictors of symptom improvements 
were age, number of health comorbidities and DAA cohort. 
Specifically, patients aged 35–55 years and those with 4+ health 
comorbidities had more pronounced symptoms improvements 
1-year after SVR compared to their counterparts (number of co-
morbidities stratified by age group is shown in Table S3). Patients 
aged 35 to 55 years had substantial improvements in functional 
well-being, overall symptom burden, abdominal pain, cognitive 
concerns, fatigue and nausea compared with patients in other age 
groups. Patients reporting substance use prior to enrolment had 
pronounced improvements in depression at 12 months post-treat-
ment. Patients with the highest number of comorbidities had pro-
nounced improvements in functional well-being, overall symptom 
burden, nausea, as well as a trend for improved abdominal pain, 
cognitive concerns and fatigue. Patients who were prescribed 
OBV/PTV/r + DSV had less improvement in anxiety and cognitive 
symptoms (as indicated by + not – coefficients) compared to pa-
tients treated with sofosbuvir-based regimens; although the sam-
ple size of patients on OBV/PTV/r + DSV was very small. Ribavirin 
was not selected as an independent predictor of PRO changes in 
multivariable models. Sociodemographic factors such as educa-
tion and employment were evaluated as potential predictors of 
change in PRO scores, however, were not selected as significant 
predictors of PRO change from baseline to 12 months after SVR in 
the final model.12,25 The number of patients who did not achieve 
SVR (n  =  52) was too small to fit multivariable models for PRO 
change.

3.4 | Durability of PRO Changes after SVR

Figure  3 shows that, among patients who achieved SVR, average 
PROMIS mean scores improved 1-3 points over time, overall symp-
tom burden diminished and functional well-being improved by 7 
points. Importantly, clinically significant (>5%) improvements in fa-
tigue, sleep disturbance and functional well-being were observed at 
T4 (12 weeks post treatment)12 and were sustained at T5 (12 months 
post-treatment). Abdominal pain improved even more after SVR, 
such that clinically significant improvements were observed at 
12  months post-treatment in patients who achieved cure. Among 
patients who did not achieve SVR (Figure S1), a 1-2 point improve-
ment was transiently noted during treatment, with most symptoms 
reverting back to baseline by T5, with the exception of abdominal 
pain that improved by 3 point.

3.5 | Change in pre-existing health comorbidities at 
12 months post-treatment (T5) among patients who 
achieved SVR

Patients’ self-reported experiences that their baseline conditions 
‘got better’, ‘stayed the same’ or ‘got worse’ 12 months after SVR 
are listed in Figure 4. The majority of participants indicated that 
their health conditions stayed the same 12 months after achieving 
SVR (range per condition from 44% to 78%). Among the 15 most 
prevalent symptoms, nine improved in over 20% of patients with 
greatest improvement in diabetes (46%), cholesterol (36%) and 
blood pressure (32%), while five worsened in over 20% with great-
est worsening in vision loss. Figure S2 and S3 show the changes 
in self-reported health conditions stratified by cirrhosis status and 
sex, respectively.

3.6 | Improvements in symptoms and functioning by 
specific patient subgroups

Improvements in symptoms and functioning by patient subgroups 
identified from regression analysis are shown in Table S2, Figures 5 
and 6 and Figures S4-S8. Figure  5 demonstrates how patients 
aged 35 to 55  years experienced greater symptom improvements 

F I G U R E  1   Study cohort
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compared to patients over 55. Whereas all age groups improved 
on fatigue and sleep disturbance, the 35-55 age group experienced 
more pronounced improvements in neuropsychiatric symptoms 
(range: 3.5-4.3) and experienced twice as much improvement on the 

TA B L E  1   Baseline patient characteristics (n = 1329) stratified by 
SVR status

Characteristic

Total SVR Non-SVR

(n = 1329) (n = 1277) (n = 52)

n (%)

Sociodemographic features

Age

<35 59 (4) 58 (4) 1 (2)

35-55 292 (22) 279 (22) 13 (25)

>55 978 (74) 940 (74) 38 (73)

Sex

Female 602 (45) 582 (46) 20 (38)

Male 727 (55) 695 (54) 32 (62)

Race

Black 801 (60) 423 (33) 19 (36)

White 442 (33) 769 (60) 32 (62)

Other 81 (7) 80 (7) 1 (2)

Ethnicity

Not Hispanic or 
Latino

1038 (83) 993 (82) 45 (88)

Hispanic or Latino 55 (4) 53 (4) 2 (4)

Other 170 (13) 166 (14) 4 (8)

Education

Up to High school 
diploma or GED

707 (54) 683 (54) 24 (49)

Vocational school 
or higher

607 (46) 582 (46) 25 (51)

Annual income

Under $40 000 per 
year

932 (72) 901 (72) 31 (65)

$41 000 or above 
per year

361 (28) 344 (28) 17 (35)

Employment status

Working full or part 
time

480 (38) 460 (37) 20 (41)

Unemployed 75 (6) 74 (6) 1 (2)

Disabled/applying 558 (43) 536 (44) 22 (45)

Retired/
homemaker/
student

170 (13) 164 (13) 6 (12)

Clinical and treatment features

Genotype

1, 4, 6 1087 (83) 1044 (83) 43 (82)

2 118 (9) 114 (9) 4 (8)

3 110 (8) 105 (8) 5 (10)

Cirrhosis status

Cirrhosis Not 
present

709 (53) 687 (54) 22 (42)

Cirrhosis present 617 (47) 587 (46) 30 (58)

(Continues)

Characteristic

Total SVR Non-SVR

(n = 1329) (n = 1277) (n = 52)

n (%)

Sociodemographic features

Age

MELD

6-11 448 (87) 425 (87) 23 (85)

12 or above 68 (13) 64 (13) 4 (15)

DAA treatment cohorta 

SOF/LED 836 (63) 809 (63) 27 (51)

SOF/VEL 277 (21) 262 (21) 15 (29)

GRZ/ELB 144 (11) 138 (11) 6 (12)

OBV/PTV/r + DSV 55 (4) 52 (4) 3 (6)

SOF/DAC 17 (1) 16 (1) 1 (2)

Treatment duration

8 weeks 132 (10) 127 (10) 5 (10)

12 weeks 1091 (82) 1049 (82) 42 (80)

16 or 24 weeks 106 (8) 101 (8) 5 (10)

Treatment experience

Treatment naive 1073 (81) 1038 (81) 35 (67)

Treatment 
experienced

255 (19) 238 (19) 17 (33)

Ribavirin

Without Ribavirin 1155 (87) 1113 (87) 42 (81)

With Ribavirin 174 (13) 164 (13) 10 (19)

Medical conditions

0-1 263 (20) 255 (20) 8 (15)

2-3 329 (25) 311 (24) 18 (35)

≥4 735 (55) 709 (56) 26 (50)

Mental health and substance use features

Lifetime mental health disturbance

No 863 (65) 828 (65) 35 (67)

Yes 460 (35) 443 (35) 17 (33)

Alcohol misuse

No 1132 (86) 1087 (86) 45 (87)

Yes 190 (14) 183 (14) 7 (13)

Substance use in the past year

No 1033 (78) 991 (78) 42 (81)

Yes 290 (22) 280 (22) 10 (19)

aDAA, Direct-Acting Antiviral; SOF/LED, sofosbuvir/ledipasvir; SOF/
VEL, sofosbuvir/velpatasvir; GRZ/ELB, grazoprevir/elbasvir; OBV/
PTV/r + DSV, ombitasvir/paritaprevir/ritonavir + dasabuvir; SOF/DAC, 
Sofosbuvir/Daclatasvir; SVR, Sustained Virologic Response. 

TA B L E  1   (Continued)
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HCV-PRO (a disease-specific measure that assesses physical, emo-
tional, social functioning, productivity, intimacy and perception of 
quality of life).

Figure  6 shows the PRO change scores by cirrhosis-MELD 
status. Patients with and without cirrhosis had improvements 
in symptoms; however, those with MELD ≥12 had incrementally 
greater symptom reduction 12 months after SVR compared to pa-
tients with no cirrhosis or less advanced cirrhosis. The greatest 
improvements (>5%) were seen in fatigue, sleep interference, ab-
dominal pain and HCV-PRO in all groups. Notably, patients with 
cirrhosis and MELD ≥ 12 had the greatest improvements in func-
tional well-being (−12.9 [−17.6, −8.1]).

On average, white patients experienced greater symptom and 
PRO improvements compared to black patients (Figure S4). Most 
PRO scores improved for all DAA regimens, with clinically signif-
icant improvements in fatigue, sleep disturbance and abdominal 
pain. Patients prescribed OBV/PTC/r+DSV experienced the least 
improvements especially for GI symptoms but the estimates were 
imprecise with wide confidence intervals (Figure S5). Review of the 
mean change scores, suggests that all symptoms and functioning 
improved, regardless of treatment duration (Figure S6). Patients 
on longer treatment durations (perhaps those with more advanced 
liver disease or prior treatment failures) showed the greatest gains 
in overall functioning and well-being (HCV-PRO). Patients with 
mental health issues experienced much more pronounced clinical 
benefits compared to those without mental health issues (Figure 
S7) with the largest symptoms reductions observed in abdominal 

pain, fatigue, sleep disturbance, depression, anger, anxiety, and in 
overall functioning and sense of well-being. Patients with self-re-
ported drug use (Figure S8) experienced much more robust im-
provements in symptoms compared to those not using drugs at 
baseline.

4  | DISCUSSION

The PROP UP study represents the largest, most comprehensive 
real-world investigation of patients’ experiences during and after 
DAA therapy, providing novel information about HCV symptoms, 
possible benefits and harms during therapy and short-term and long-
term benefits of viral cure. Results in this analysis extend our prior 
work showing improvement in symptoms and functioning in HCV 
patients after achieving SVR are sustained up to 12  months after 
treatment.

At baseline, over 60% of our cohort had fatigue, sleep distur-
bance, pain, and neuropsychiatric symptoms whereas gastrointes-
tinal symptoms were present in up to one half of patients.19 At 
the end of treatment and after achieving SVR (95% in this cohort), 
mean PRO scores improved with clinically meaningful changes in 
the symptoms of fatigue, sleep disturbance, and functional well-be-
ing.12 In this follow-up at 12 months after treatment completion, 
we noted that all PRO scores improved, on average, from baseline 
with clinically meaningful improvements observed primarily for 
fatigue, sleep disturbance, abdominal pain and overall functional 

F I G U R E  2   PRO mean change scores 
from baseline (T1) to 12 Months Post-
treatment (T5) by SVR status. *Mean 
change score >%5 MIC. The 5% MIC 
for PROMIS symptoms = 2.5 points, for 
TMSAS = 3.0, for HCV-PRO = 4.0. SVR 
n = 1277; Non-SVR n = 52. CI, confidence 
interval. HCV-PRO score is on 0-100 
scale. HCV-PRO mean change score was 
reverse coded for consistency with other 
PROs. Negative change scores represent 
better outcomes. Missing values for all 
PRO change scores were ≤2%, except 
functional well-being (HCV-PRO) was 
missing for 6%-12% of patients
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well-being, that are sustained after SVR. On average, no worsen-
ing of symptoms was noted from time of SVR to 12 months after 
SVR in the total cohort. These results are consistent with pooled 
registry data reported from patients enrolled in DAA clinical tri-
als.26 On average, patients who did not achieve SVR experienced 
a return to baseline symptom levels 12 months after treatment.

We observed that certain patient subgroups: patients age 35 
to 55 years, those using drugs at baseline, and those with a greater 
number of comorbidities derived greater symptom improvements 
12  months post-treatment. It is interesting that the 35 to 55 age 
group had the most pronounced symptom improvements given 

that these patients had higher rates of mental health issues (49% 
vs 31%) and drug use (27% vs 20%) at baseline. This suggests that 
patients with psychosocial comorbidities benefit substantially from 
viral cure. A previous study by our group showed high SVR and DAA 
adherence rates among patients with drug use and mental health 
conditions27; thus coupled with this study's findings strongly suggest 
universal access to DAA therapy irrespective of age and psychoso-
cial comorbidities. Older patients with HCV may not have obtained 
as robust PRO improvements compared to adults aged 35 to 55 
given the presence of a higher number of other comorbidities that 
continue to cause symptoms unrelated to HCV. Patients with mental 

F I G U R E  3   Longitudinal PRO mean scores at baseline, early-treatment (T2), late-treatment (T3), 12-weeks post-treatment (T4), and 
12 months post-treatment (T5) among patients who achieved SVR (n = 1277). Error bars represent 95% confidence intervals

(A) Depression (B) Anger (C) Anxiety (D) Cognitive Concerns 

(E) Pain Interference (F) Fatigue (G) Sleep Disturbance 

(H) Belly Pain (I) Diarrhea (J) Nausea 

(K) HIT-6 (L) TMSAS (M) HCV-PRO 
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health conditions experienced improvements in PROs, which could 
be due to a host of factors including perhaps better linkage to care 
and healthcare engagement.

Although patients with and without cirrhosis derived equal 
benefit from viral cure, patients with cirrhosis and MELD scores 
over 12 experienced the greatest benefits from cure in terms of 
symptom reduction and improved functional well-being. These re-
sults may inform patient counselling and setting up expectations 
prior to treatment. Not surprisingly, DAA treatment regimen and 
duration did not appreciably affect long-term changes in most of 
the PROs at 1-year post treatment as the PROs were generally 
affected most by the presence or absence of SVR. We did not find 
an independent effect of ribavirin on change in symptoms 1 year 
after SVR, however, patients prescribed OBV/PTV/r  +  DSV had 
less improvement in anxiety and cognitive symptoms after SVR. 
This lack of improvement may have been due to high concur-
rent use of ribavirin during treatment (71% of patients on OBV/
PTV/r + DSV regimen vs 5%-13% with other DAA regimens), how-
ever, the sample size on this regimen was only 4% making it diffi-
cult to draw firm conclusions.

Our findings are interesting and novel with regards to patient-re-
ported changes in chronic health conditions, which have been 
shown to be strongly correlated with health record data.21 Near 
half of patients reported improvement in diabetes and about one 
third reported improved cholesterol and blood pressure. Although 
the precise reason for these results is unknown, other studies have 
shown improvement in short-term mortality after treatment with 
DAAs and SVR that were not solely explained by reduced liver-dis-
ease-related mortality.28,29 We would postulate that patients expe-
rienced legitimate improvements in their overall health after HCV 
cure due to the role that HCV plays in chronic inflammation and the 
mounting evidence supporting extrahepatic manifestations of HCV 

on multiple organ systems.1,30 Additionally, reduction in fatigue may 
have helped patients become more physically active. It is also possi-
ble that factors beyond HCV cure such as engagement in healthcare 
for other medical conditions partially explains our observed findings.

There are some study limitations that must be acknowledged. 
Due to the rapidly evolving treatment landscape for HCV in the 
last 4 years, some of the DAA regimens observed in PROP UP have 
been replaced by newer regimens making some of our findings 
somewhat antiquated for current clinical practice decision-mak-
ing. A relatively small number of patients had advanced cirrhosis or 
high MELD score; therefore, our findings are not applicable in that 
setting. Mental health, substance use and alcohol use were self-re-
ported; thus, social desirability and favourable response bias could 
have affected responses. We did not specifically ascertain whether 
individuals reporting a history of substance use were involved in 
harm reduction treatment, that may have improved symptoms con-
currently along with HCV therapy. We are also unable to ascertain 
whether linkage to care and possible mental health services concur-
rent with HCV therapy resulted in PRO improvements in patients 
with mental health conditions A recent study found a significant 
incidence of new depressive symptoms among patients after DAA 
therapy while our study found a decrease in depressive symptoms 
post-DAA therapy.31 The current study was conducted during the 
earlier era of all-oral DAA therapy from 2015-2017 and possibly 
could represent patients highly invested and motivated to engage in 
healthcare or HCV treatment. Patients were all English-speaking and 
were enrolled predominantly at academic centres. Thus, our findings 
may not generalize to the larger HCV-infected community, to pa-
tients not engaged in liver care, to people who inject drugs, Veterans 
or incarcerated individuals.

Our study has a number of strengths and highlight relevant in-
formation for multiple stakeholders including patients, clinicians 

F I G U R E  4   Change in pre-existing 
health conditions among patients who 
achieved SVR (n = 1277). aTop 15 health 
conditions. n = number of patients who 
reported the health condition at baseline. 
The percentage (%) was computed based 
on the number of patients who reported 
a change in Pre-Existing Comorbidities at 
12 Months Post-Treatment (T5)
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and third-party payers. PROP UP is the largest investigation of 
PROs in a current population of patients with chronic HCV under-
going DAA therapy outside of industry-sponsored clinical trials. The 
sample was diverse with regards to socio-demographics, cirrhosis 
status, with many patients having multiple concurrent medical and 
psychiatric comorbidities as well as substance use issues. These 
subpopulations are often under-represented in registration trials. 
We were able to retain and collect PRO data from over 90% of the 
total cohort. Finally, our patient partners were engaged throughout 
all phases of study development to ensure that the study outcomes 
chosen were meaningful and important to people affected by the 
disease.

In conclusion, this large multi-centre cohort study showed that in 
patients with HCV treated with DAAs, mean improvement in symp-
toms and functioning attained after achieving SVR was maintained 
up to 12 months post-treatment, particularly in fatigue, sleep distur-
bance, abdominal pain and overall functional well-being.
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