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Treatment Status of Hepatocellular 
Carcinoma Does Not Influence Rates of 
Sustained Virologic Response: An  
HCV-TARGET Analysis
Kavita Radhakrishnan,1 Adrian M. Di Bisceglie,2 K. Rajender Reddy ,3 Joseph K. Lim,4 Josh Levitsky,5 Mohamed A. Hassan,6 
Jama M. Darling,7 Jordan J. Feld,8 Lucy Akushevich,7 Monika Vainorius,7 David R. Nelson,9 Michael W. Fried,7  
Robert S. Brown Jr.,10 and Norah A. Terrault 11

Recent studies have suggested a negative impact of hepatocellular carcinoma (HCC) on sustained virologic response 
(SVR) to hepatitis C virus (HCV) direct acting antivirals (DAAs). We compared the effectiveness of DAAs in pa-
tients with cirrhosis, with and without HCC, and in those with HCC partially treated or untreated (PT/UT-HCC) 
versus completely treated (CT-HCC). HCC status was based on imaging 6  months before or 2  months after start 
of DAA therapy. Absence and presence of enhancing lesions after HCC treatment defined CT-HCC and PT/UT-
HCC, respectively. Using minimally adjusted logistic regression, the association between the presence of HCC and 
SVR rates was estimated. Among the 1,457 patients with cirrhosis from HCV-TARGET with complete virologic 
data (per-protocol population) who did not undergo liver transplantation during treatment and followup, 1,300 were 
without HCC, 91 with CT-HCC, and 66 with PT/UT-HCC. Most patients were genotype 1 (81%) and treatment-
experienced (56%), 41% had history of prior decompensation, and the median pretreatment Model for End-Stage 
Liver Disease was 9 (range 6-39). The SVR rates were 91% for patients without HCC, 84% for CT-HCC, and 80% 
for PT/UT-HCC. The presence of HCC (versus not having HCC) was associated with significantly lower odds of 
achieving SVR (odds ratio [OR]  =  0.51, 95% confidence interval [CI]: 0.33-0.81; P  =  0.003). However, among those 
with HCC, HCC treatment status (PT/UT-HCC versus CT-HCC) did not show association with SVR (OR  =  0.79, 
95% CI: 0.35-1.79, P  =  0.569). Conclusions: The presence of HCC reduces the likelihood of SVR by 50%, but with 
no evident difference in those with completely treated HCC versus partially treated/untreated HCC. (Hepatology 
Communications 2019;3:1388-1399).

Direct-acting antiviral agents (DAAs) have 
dramatically improved the outcomes of 
patients with chronic hepatitis C virus 

(HCV) with overall sustained virologic response 
(SVR) rates of about 95%, including those with 
compensated cirrhosis.(1-5) Additional benefits of 

Abbreviations: AE, adverse event; BMI, body mass index; CI, confidence interval; CT, completely treated; DAAs, direct acting antivirals; HCC, 
hepatocellular carcinoma; HCV, hepatitis C virus; MELD, Model for End-stage Liver Disease; OR, odds ratio; PPI, proton-pump inhibitor; PT, 
partially treated; RBV, ribavirin; SVR, sustained virologic response; UT, untreated.
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achieving HCV eradication among patients with 
advanced liver disease include reversal of symp-
toms of decompensation, improvement in Model for 
End-Stage Liver Disease (MELD) and Child-Pugh 
scores, and reduced liver-related and all-cause mor-
tality.(4,6) Thus, HCV-infected patients with com-
plications of cirrhosis are a high priority for HCV 
treatment.

However, there has been controversy regarding 
DAA therapy in patients with cirrhosis and hepato-
cellular carcinoma (HCC). Initial, uncontrolled stud-
ies suggested a higher rate of HCC recurrence after 
curative therapy among patients treated with DAAs,(7) 
but subsequent retrospective and prospective con-
trolled studies have refuted this.(8,9) Adding further to 
the complexity of the decisions in patients with HCC 
is the concern that DAA efficacy may be reduced in 
patients with HCC, as reported in a large VA study 
of DAA-treated patients.(10) Finally, a single-center 
study suggested that presence of active versus treated 
HCC was the relevant predictor for treatment fail-
ure, with SVR rates of 52% in those with untreated 
or partially treated HCC at time of DAA therapy as 
compared with 100% in those with HCC that was 
treated completely.(11) The timing of DAA therapy 
has important ramifications, as delays in DAA ther-
apy in patients with cirrhosis may result in worsening 

decompensation, which in turn affects the ability to 
provide curative HCC options.

With the goal of bringing greater clarity to the 
decisions surrounding use of DAAs in patients with 
cirrhosis and HCC, we used the HCV-TARGET 
consortium to study SVR rates with DAA therapy in 
HCV-infected patients with cirrhosis with and with-
out HCC, and to specifically address whether the 
treatment status of HCC influenced SVR rates.

Methods
stuDy population anD Design

HCV-TARGET is a longitudinal, observational 
study of chronic hepatitis C patients that began in 
December 2011 and is ongoing. This consortium 
includes academic (n = 46) and community (n = 16) 
centers from North America (n  =  58) and Europe 
(n = 4), collecting data on DAA regimens and out-
comes in this rapidly changing therapeutic area. 
Prospective data are captured from enrolled patients 
using a common database that uses novel, stan-
dardized source data abstraction as described pre-
viously.(12,13) All captured data are managed using 
Research Electronic Data Capture, with electronic 
data capture tools hosted at the University of North 
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Carolina at Chapel Hill. Research Electronic Data 
Capture is a secure, web-based application designed 
to support data capture for research studies.(14) 
A centralized team of trained coders reviews all 
redacted medical records obtained from participat-
ing sites for data entry and systematically monitors 
the data entries for completeness and accuracy. All 
records were screened for extreme or unlikely val-
ues and verified/resolved with additional queries. 
The study protocol did not define specific popu-
lations, regimens, dosing, and duration or safety 
management.

For this analysis, patients were eligible if they were 
18 years or older, had cirrhosis with and without his-
tory of HCC, had not undergone liver transplantation, 
initiated HCV therapy with select (see subsequently) 
all-oral DAA regimens between February 2014 and 
February 2017, and had available virologic outcome as 
well as HCC information obtained from the enrolling 
sites.

The per protocol population consisted of patients 
who either completed the assigned HCV treatment 
or discontinued treatment early due to lack of efficacy 
and had virological outcome data available. A sensi-
tivity analysis was performed that included patients 
who had undergone liver transplantation on treatment 
and those who discontinued treatment early due to 
adverse events (AEs).

Chronic HCV infection was defined as detectable 
HCV RNA by real-time polymerase chain reac-
tion at time of treatment initiation. The presence 
of cirrhosis was defined at the time of enrollment 
by biopsy and/or a combination of clinical, labora-
tory, elastography, and imaging criteria established 
beforehand.(12) Patients were determined to have 
cirrhosis if they had evidence of stage 4 fibrosis 
by liver biopsy or hepatic elastography at any time 
before therapy, or evidence of stage 3 fibrosis by liver 
biopsy at any time before therapy with any of the 
following criteria: platelet count less than 140,000 
per milliliter, presence of esophageal varices on 
esophagogastroduodenoscopy, evidence of cirrhosis 
and/or portal hypertension and/or ascites by imag-
ing studies, Fibro-Sure or equivalent test, vibra-
tion-controlled transient elastography, or equivalent 
were deemed to be compatible with stage 4 fibrosis. 
In the absence of biopsy or if biopsy results showed 
stage 2 fibrosis or less, the presence of two or more 

of the these clinical/ laboratory criteria were deemed 
to be compatible with stage 4 fibrosis.

HCC status was based on local imaging obtained 
within 6  months before or 2  months after start of 
DAA therapy. Alpha-fetoprotein values were not avail-
able. Completely treated (CT-HCC) was defined as no 
enhancing lesions after HCC therapies. Partially treated 
or untreated (PT/UT-HCC) was defined as enhancing 
lesion present or persisting after HCC therapy.

Data ColleCtion
Demographic, clinical, adverse event, and viro-

logic data were collected at baseline and as available 
throughout the treatment period and the posttreat-
ment follow-up. The collected demographic data 
included the patient’s age, sex, race, body mass index 
(BMI), proton-pump inhibitor (PPI) use, calculated 
MELD score, and history of hepatic decompensation. 
History of hepatic decompensation was defined as evi-
dence of prior or current diagnosis of ascites, hepatic 
encephalopathy, spontaneous bacterial peritonitis or 
variceal hemorrhage, or baseline concomitant medica-
tions with a specific use listed for these indications. 
HCV-specific data included baseline viral load, geno-
type, prior treatment history, and type and duration of 
DAA therapy. Laboratory data, collected per standard 
practice, included levels of serum creatinine, albumin, 
total bilirubin, alanine aminotransferase levels, hemo-
globin, international normalized ratio platelet count, 
and HCV RNA.

Patients in the HCC group had additional can-
cer-specific data collected. These included stage at 
time of diagnosis and treatment history from time of 
diagnosis through 12 weeks after completion of DAA 
therapy. HCC treatment history was categorized as 
resection only, loco-regional therapy only, systemic 
therapy only, or more than one modality of therapy. 
The time period between diagnosis of HCC and ini-
tiation of HCV therapy was collected. Treatment sta-
tus (CT-HCC versus PT/UT-HCC) was ascertained 
from radiology reports. The time period between imag-
ing and initiation of DAA therapy was also collected.

AEs, defined as any new symptom or event recorded 
in the medical record that occurred during the HCV 
treatment period, were collected and reported regard-
less of the need or lack thereof for a prescription med-
ication or a dose reduction or discontinuation of HCV 
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treatment. AEs recorded in the patient’s clinical note 
were identified by HCV-TARGET data abstractors 
and then entered into the database as text and further 
coded by the clinically validated international med-
ical terminology dictionary, MedDRA (the Medical 
Dictionary for Regulatory Activities). Serious AEs 
were defined as any AE that required hospitalization 
or met the criteria for expedited reporting per US 
Food and Drug Administration form MEDWATCH 
3500.

tReatment Regimens
The choice of treatment regimen was at the dis-

cretion of the local treating physician, as was the use 
of ribavirin (RBV). Similarly, treatment duration was 
determined by the treating physician and, for the pur-
poses of analysis, was defined as less than or equal to 
12 weeks, 12 to 16 weeks, and greater than or equal to 
16 weeks. For the purposes of this analysis, the com-
binations of sofosbuvir plus ribavirin and sofosbuvir 
plus peginterferon plus RBV were excluded due to 
the recognized lower rates of SVR compared with the 
next generation of DAA options.

pRimaRy enDpoint
The primary endpoint was SVR, defined by a 

plasma HCV RNA level below quantitation or unde-
tectable at least 64  days after treatment completion 
(SVR12). The primary predictors were presence of 
HCC, and among those with HCC, whether the 
HCC was CT versus PT/UT.

analytiC appRoaCH
Demographic characteristics, laboratory values, 

AEs, and treatment response were analyzed by HCC 
status for the per protocol population, which consisted 
of patients who either completed the assigned HCV 
treatment or discontinued treatment early due to 
lack of efficacy and had virologic outcomes available. 
Sensitivity analyses were also performed, including 
the patients who discontinued treatment early due to 
AE as well as patients who underwent liver transplan-
tation during DAA therapy or during the 12 weeks of 
follow-up.

The unadjusted rates of SVR and exact binomial 
confidence intervals (CIs) were calculated for the 

non-HCC as well as CT-HCC and PT/UT-HCC 
groups, in addition to the subgroups of interest, par-
ticularly based on genotype and treatment regimen, 
including use of RBV.

Minimally adjusted (for history of decompensation) 
Firth penalized logistic regression was used to assess the 
association between baseline covariate and SVR out-
come.(15) The set of covariates was selected beforehand 
based on a consensus of clinical expertise and included 
the most well-established baseline covariates associ-
ated with SVR: sex, race, MELD (<10, ≥10), albumin 
(<3.5  g/dL, ≥3.5  g/dL), total bilirubin (≤1.2  mg/dL, 
>1.2  mg/dL), a history of antiviral treatment, use of 
RBV, HCV genotype, PPI use, platelet count, and 
BMI. The primary predictor variable of interest was 
HCC status (no-HCC, CT-HCC, PT/UT-HCC). All 
models were adjusted for history of decompensation. 
Select trivariate analyses were also performed.

inFoRmeD Consent
The protocol was conducted in accordance with 

the Declaration of Helsinki and Good Clinical 
Practice guidelines. The independent ethics com-
mittee at each participating study center or a central 
institutional review board approved the protocol if 
a local institutional review board was not in place. 
All patients provided written informed consent for 
their participation. All authors had complete access 
to the study data and reviewed and approved the 
final manuscript.

Results
CoHoRt CHaRaCteRistiCs

During the study period, 1,618 patients with cir-
rhosis without history of liver transplantation and 
with liver imaging 6 months before or up to 2 months 
immediately following the initiation of DAA regi-
men for HCV were identified. Of those, 7 patients 
died, 20 discontinued treatment due to reasons other 
than AE or lack of efficacy, 16 were lost to follow-up, 
and 81 were lost in posttreatment follow-up (21 of 
whom died in posttreatment follow-up). For our main 
analyses we excluded those patients who discontin-
ued treatment early due to AE (n = 16) or underwent 
transplant during treatment and up to 12 weeks of 
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follow-up (n  =  21), resulting in a per protocol pop-
ulation of 1,457: 1,300 without HCC and 157 with 
history of HCC. Among the HCC patients, 91 had 
CT-HCC and 66 had PT/UT-HCC at the time of 
DAA therapy (Fig. 1).

Baseline characteristics of the per protocol popula-
tion, including demographics and laboratory data, are 
provided in Table 1. Overall, patients were predomi-
nantly white (74%), male (64%), with a median age of 
60 years (range 19-90). Most patients were genotype 
1 (81%) and treatment-experienced (56%). Forty-one 
percent had history of prior decompensation, and the 
median MELD pretreatment was 9 (range 6-39).

In the per protocol population of 157 patients 
with history of HCC, 91 patients (58%) had treated 
HCC without any evidence of active tumor present 

on imaging (CT-HCC), and 66 patients (42%) 
had PT/UT-HCC at the time of DAA treatment 
initiation. At the time of diagnosis, most patients 
with known tumor stage were within Milan cri-
teria (75 of 87 [86%]) with similar proportions in 
the CT-HCC (49 of 55 [89%]) and PT/UT-HCC 
(26 of 32 [81%]) groups. The median time from 
HCC diagnosis to initiation of DAA therapy was 
497  days in the CT-HCC group, whereas in the 
PT/UT-HCC group it was 377  days. The median 
time from HCC imaging to initiation of DAA ther-
apy was 46  days in the CT-HCC group as com-
pared with 52 days in the PT/UT-HCC group and 
61  days in the no-HCC group. Loco-regional only 
therapies were the most frequently used HCC ther-
apy: 59 of 78 (76%) in the CT-HCC group and 43 

Fig. 1. Consort diagram. Abbreviations: Disc, discontinued; EOT, end of treatment; LOE, lack of efficacy; OLT, orthotopic liver 
transplantation; TX, treatment.
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taBle 1. Baseline CHaRaCteRistiCs oF tHe peR pRotoCol CoHoRt

No HCC

With History of HCC

TotalCT-HCC PT/UT-HCC All HCC

n = 1,300 (%) n = 91 (%) n = 66 (%) n = 157 (%) n = 1,457 (%)

Male sex 817 (62.8%) 59 (64.8%) 54 (81.8%) 113 (72.0%) 930 (63.8%)

Age, median, years 60 (19-86) 63 (34-83) 63 (39-90) 63 (34-90) 60 (19-90)

Race

White 955 (73.5%) 69 (75.8%) 49 (74.2%) 118 (75.2%) 1,073 (73.6%)

Black or African American 194 (15.4%) 10 (11.0%) 5 (7.6%) 15 (9.6%) 217 (14.9%)

Other or pending 143 (11.0%) 12 (13.2%) 12 (18.2%) 20 (14.4%) 24 (15.3%)

BMI (median) 27 27 26 27 28

HCV genotypes

1 73 (80.2%) 73 (80.2%) 45 (68.2%) 118 (75.2%) 1,179 (80.9%)

2 53 (4.1%) 4 (4.4%) 0 (0.0%) 4 (2.5%) 57 (3.9%)

3 136 (10.5%) 12 (13.2%) 18 (27.3%) 30 (19.1%) 166 (11.4%)

4-6 47 (3.6%) 1 (1.1%) 2 (3.0%) 3 (1.9%) 50 (3.4%)

Not reported 3 (0.2%) 1 (1.1%) 1 (1.5%) 2 (1.3%) 5 (0.3%)

HCV treatment-experienced 729 (56.1%) 52 (57.1%) 36 (54.5%) 88 (56.1%) 817 (56.1%)

Prior decompensation 512 (39.4%) 53 (58.2%) 34 (51.5%) 87 (55.4%) 599 (41.1%)

HIV positive 31 (2.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 31 (2.1%)

Diabetes 338 (26.0%) 19 (20.9%) 12 (18.2%) 31 (19.7%) 369 (25.3%)

PPI use 511 (39.3%) 38 (41.8%) 33 (50.0%) 71 (45.2%) 582 (39.9%)

Most-used treatment regimens*

Sofosbuvir/simeprevir ± RBV 321 (24.7%) 26 (28.6%) 19 (28.8%) 45 (28.7%) 366 (25.1%)

Sofosbuvir/ledipasvir ± RBV 593 (45.6%) 34 (37.4%) 22 (33.3%) 56 (35.7%) 649 (44.5%)

Sofosbuvir/daclatasvir ± RBV 134 (10.3%) 12 (13.2%) 14 (21.2%) 26 (16.6%) 160 (11.0%)

Sofosbuvir/velpatasvir ± RBV 88 (6.8%) 10 (11.0%) 9 (13.6%) 19 (12.1%) 107 (7.3%)

Ribavirin added 389 (29.9%) 33 (36.2%) 34 (51.5%) 67 (42.7%) 456 (31.3%)
Treatment duration

≤12 weeks 634 (48.8%) 53 (58.2%) 31 (47.0%) 84 (53.5%) 718 (49.3%)

ALT (IU/L) Median 68.0 66.0 64.5 66.0 68.0

Min-Max 9.0-813.0 15.0-398.0 14.0-316.0 14.0-398.0 9.0-813.0

Total bilirubin (mg/dL)†

≤1.2 828 (63.7%) 58 (63.7%) 39 (59.1%) 97 (61.8%) 925 (63.5%)
>1.2 390 (30.0%) 31 (34.1%) 24 (36.4%) 55 (35.0%) 445 (30.5%)

Platelets (×10−3/uL)†

100,000+ 696 (53.5%) 41 (45.1%) 24 (36.4%) 65 (41.4%) 761 (52.2%)
<100,000 559 (43.0%) 49 (53.8%) 41 (62.1%) 90 (57.3%) 649 (44.5%)

Albumin (g/dL)†

3.5+ 792 (60.9%) 45 (49.5%) 34 (51.5%) 79 (50.3%) 871 (59.8%)

<3.5 414 (31.8%) 44 (48.4%) 28 (42.4%) 72 (45.9%) 486 (33.4%)

eGFR‡

30-59 140 (10.8%) 7 (7.7%) 6 (9.1%) 13 (8.3%) 153 (10.5%)

60-89 481 (37.0%) 43 (47.3%) 25 (37.9%) 68 (43.3%) 549 (37.7%)

≥90 554 (42.6%) 40 (44.0%) 30 (45.5%) 70 (44.6%) 624 (42.8%)

>30 34 (2.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 37 (2.5%)

MELD       Median 9.0 8.5 8.0 8.0 9 .0

Min-Max 6.0-39.0 6.0-19.0 6.0-28.0 6.0-28.0 6.0-39.0

*Other regimens used were ombitasvir-paritaprevir-ritonavir and dasabuvir with or without RBV, and elbasvir-grazoprevir with or 
without RBV.
†Totals do not add up to 100% due to patients’ missing baseline values.
‡mL/min/1.73 m2, as calculated by the modification of diet in renal disease study equation.
Abbreviations: ALT, alanine aminotransferase; eGFR, estimated glomerular filtration rate; and HIV, human immunodeficiency virus.
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of 54 (80%) in the PT/UT-HCC group. Available 
cancer and treatment information, including SVR 
rates, are found in Supporting Table S1.

Daa tReatment anD sVR 
Rates

Of the 1,618 patients who started HCV ther-
apy, 1,457 (90%) were evaluable for SVR (Fig. 1). 
Treatment regimen and duration by HCC history in 
the per protocol population are given in Table 1. The 
combination of sofosbuvir/ledipasvir ± RBV (n = 649, 
45%) and sofosbuvir plus simeprevir ± RBV (n = 366, 
25%) were the most commonly used regimens, with 
sofosbuvir plus daclatasvir  ±  RBV being less used 
(n = 160, 11%). Thirty-one percent (n = 456) received 
RBV as a component of their treatment regimen. 
Overall, the median treatment duration was 86  days 
(range 50-219).

In the per protocol population, the crude rates of 
SVR among patients without HCC, CT-HCC, and 
PT/UT-HCC overall are shown in Fig. 2; the specific 
baseline factors are provided in Table 2.

Those treated with sofosbuvir plus simeprevir were 
primarily genotype 1 (98.1%), as were those treated 
with sofosbuvir/ledipasvir ± RBV (92.9%). The crude 

SVR rates for patients treated with sofosbuvir plus 
simeprevir  ±  RBV (82.8%, 95% CI 78.5-86.5) were 
lower than those treated with sofosbuvir/ledipasvir  ±   
RBV (92.3%, CI: 90.0-94.2); P  <  0.0001 (data not 
shown). The crude rates of SVR among patients with-
out HCC, CT-HCC, and PT/UT-HCC treated with 
sofosbuvir plus simeprevir  ±  RBV were 83.8% (95% 
CI:79.3-87.7), 76.9% (95% CI:56.4-91.0) and 73.7% 
(95% CI:48.8-90.9), and treated with sofosbuvir/ 
ledipasvir  ±  RBV were 93.1% (95% CI:90.7-95.0), 
85.3% (95% CI:68.9-95.0), and 81.8% (95% CI:59.7-
94.8) (Table 2).

The crude rates of SVR in genotype 3 patients 
treated with sofosbuvir/daclatasvir  ±  RBV (83.6%, 
95% CI: 75.1-90.2) was lower than those treated 
with sofosbuvir/velpatasvir  ±  RBV (98.0%, 95% 
CI: 89.1-100.0); P  =  0.010 (data not shown). The 
crude rates of SVR among genotype 3 patients 
without HCC, CT-HCC, and PT/UT-HCC were 
88.2% (95% CI: 81.6-93.1), 91.7% (95% CI: 61.5-
99.8) and 83.3% (95% CI: 58.6-96.4), respectively. 
Genotype 3 was more prevalent among patients with 
PT/UT-HCC (27.7%) as compared with CT-HCC 
(13.3%; P = 0.026) or no HCC (10.5%; P < 0.0001) 
(Table 2).

Fig. 2. SVR rates by HCC treatment status.
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taBle 2. sVR By suBpopulations

HCC Category Subgroup (n) SVR 95% CI

All CT-HCC 91 83.5% 74.2%-90.5%

PT/UT-HCC 66 80.3% 68.7%-89.1%

No HCC 1,300 91.0% 89.3%-92.5%

Female CT-HCC 32 83.05% 67.2%-94.7%

PT/UT-HCC 12 81.48% 42.8%-94.5%

No HCC 483 88.98% 92.0%-96.3%

Male CT-HCC 59 83.1% 71.0%-91.6%

PT/UT-HCC 54 81.5% 68.6%-90.7%

No HCC 817 89.0% 86.6%-91.0%

Genotype 1 CT-HCC 73 83.6% 73.0%-91.2%

PT/UT-HCC 45 77.8% 62.9%-88.8%

No HCC 1061 91.1% 89.3%-92.8%

Genotype 2 CT-HCC 4 75.0% 19.4%-99.4%

No HCC 53 98.1% 89.9%-100.0%

Genotype 3 CT-HCC 12 91.7% 61.5%-99.8%

PT/UT-HCC 18 83.3% 58.6%-96.4%

No HCC 136 88.2% 81.6%-93.1%

Decomp CT-HCC 53 84.9% 72.4%-93.3%

PT/UT-HCC 34 73.5% 55.6%-87.1%

No HCC 512 86.3% 83.0%-89.2%

Compensated CT-HCC 38 81.6% 65.7%-92.3%

PT/UT-HCC 32 87.5% 71.0%-96.5%

No HCC 788 94.0% 92.1%-95.6%

Tx-experienced CT-HCC 52 76.9% 63.2%-87.5%

PT/UT-HCC 36 80.6% 64.0%-91.8%

No HCC 729 90.3% 87.9%-92.3%

Tx-naïve CT-HCC 39 92.3% 79.1%-98.4%

PT/UT-HCC 30 80.0% 61.4%-92.3%

No HCC 570 91.9% 89.4%-94.0%

SOF/SMV ± RBV CT-HCC 26 76.9% 56.4%-91.0%

PT/UT-HCC 19 73.7% 48.8%-90.9%

No HCC 321 83.8% 79.3%-87.7%

SOF/DCV ± RBV CT-HCC 12 100.0% 73.5%-100.0%

PT/UT-HCC 14 78.6% 49.2%-95.3%

No HCC 134 88.1% 81.3%-93.0%

LDV/SOF ± RBV CT-HCC 34 85.3% 68.9%-95.0%

PT/UT-HCC 22 81.8% 59.7%-94.8%

No HCC 593 93.1% 90.7%-95.0%

Albumin < 3.5 CT-HCC 44 81.8% 67.3%-91.8%

PT/UT-HCC 28 78.6% 59.0%-91.7%

No HCC 414 83.6% 79.6%-87.0%

TBIL ≤ 1.2 CT-HCC 58 87.9% 76.7%-95.0%

PT/UT-HCC 39 87.2% 72.6%-95.7%

No HCC 828 94.0% 92.1%-95.5%

TBIL > 1.2 CT-HCC 31 74.2% 55.4%-88.1%

PT/UT-HCC 24 70.8% 48.9%-87.4%

No HCC 390 84.6% 80.6%-88.1%

MELD < 10 CT-HCC 49 91.8% 80.4%-97.7%

PT/UT-HCC 33 78.8% 61.1%-91.0%

No HCC 618 93.2% 90.9%-95.1%
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An absence of either history of decompensated 
cirrhosis or low MELD score (<10) were associated 
with higher SVR rates. For patients with no HCC, 
CT-HCC and PT/UT-HCC, the rates of SVR 
were 86.3% (95% CI: 83.0-89.2), 84.9% (95% CI: 
72.4-93.3), and 73.5% (95% CI: 55.6-87.1) for those 
with decompensated cirrhosis versus 94.0% (95% CI: 

92.1-95.6), 81.6% (95% CI: 65.7-92.3), and 87.5% 
(95% CI: 71.0-96.5) for those with compensated cir-
rhosis and 86.2% (95% CI: 82.4-86.2), 67.7% (95% 
CI: 48.6-83.3), and 80.0% (95% CI: 56.3-94.3) for 
those with MELD ≥ 10 versus 93.2% (95% CI: 90.9-
95.1), 91.8% (95%CI: 80.4-97.7) and 78.8% (95% CI: 
61.1-91.0) for those with MELD < 10.

HCC Category Subgroup (n) SVR 95% CI

MELD ≥ 10 CT-HCC 31 67.7% 48.6%-83.3%

PT/UT-HCC 20 80.0% 56.3%-94.3%

No HCC 399 86.2% 82.4%-86.2%

PLT < 100,000 CT-HCC 50 88.0% 75.7%-95.5%

PT/UT-HCC 42 81.0% 65.9%-91.4%

No HCC 604 87.4% 84.5%-90.0%

PLT ≥ 100,000 CT-HCC 41 78.1% 62.4%-89.4%

PT/UT-HCC 24 79.2% 57.8%-92.9%

No HCC 696 94.1% 92.1%-95.7%

Abbreviations: DCV, daclatasvir; Decomp, decompensation; LDV, ledipasvir; PLT, platelets; SMV, simeprevir; SOF, sofosbuvir; 
TBIL, total bilirubin; and Tx, treatment.

taBle 2. Continued

Fig. 3. Multivariable predictors of SVR. **Estimated with Firth’s univariate logistic regression. *Estimated with Firth’s logistic 
regression, adjusted for decompensation. Abbreviations: LCL, lower confidence level; N Obs, number of observations; TBIL, total 
bilirubin; UCL, upper confidence level.
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In logistic regression models that were adjusted for 
history of decompensation, the presence of HCC was 
associated with significantly lower odds of achieving 
SVR than not having HCC (OR  =  0.51, 95% CI: 
0.33-0.81; P = 0.003). PPI use (OR = 0.62, 95% CI: 
0.44-0.88; P  =  0.008), lower baseline MELD (<10) 
(OR  =  1.71, 95% CI: 1.14-2.58; P  =  0.009), lower 
baseline total bilirubin (OR  =  2.28, 95% CI: 1.57-
3.33; P < 0.001), higher baseline albumin (OR = 2.32, 
95% CI: 1.58-3.42; P < 0.001), higher baseline platelet 
count (OR = 1.53, 95% CI: 1.06-2.23; P = 0.023), and 
female sex (OR = 1.89, 95% CI: 1.29-2.85; P = 0.002) 
were associated with SVR in the per protocol popula-
tion. RBV was not associated with SVR (OR = 1.24, 
95% CI: 0.85-1.83; P  =  0.265) (Fig. 3). However, 
among those with HCC, HCC treatment status (PT/
UT-HCC versus CT-HCC) did not show an asso-
ciation with SVR (OR  =  0.79, 95% CI: 0.35-1.79; 
P = 0.569). Lower baseline MELD (<10) (OR = 2.57, 
95% CI: 1.02-6.66; P  =  0.048), lower baseline total 
bilirubin (OR = 2.76, 95% CI: 1.13-6.94; P = 0.028), 
and no PPI use (OR  =  1.86, 95% CI: 1.32-2.63; 
P  =  0.0004) were associated with SVR among those 
with HCC (data not shown).

Sensitivity analyses were also performed, including 
the patients who discontinued treatment early due to 
AE as well as patients who received liver transplant 
during DAA therapy or during the 12 weeks of fol-
low-up (n  =  1,430). The logistic regression models 
adjusted for decompensation showed that the presence 
of HCC was associated with significantly lower odds 
of achieving SVR than not having HCC (OR = 0.51, 
95% CI: 0.34-0.81; P  =  0.003) but HCC treatment 
status (PT/UT-HCC versus CT-HCC) was not 
associated with SVR (OR = 0.91, 95% CI: 0.42-1.99; 
P = 0.82) (Supporting Fig. S1).

Discussion
The treatment of patients with HCV and cir-

rhosis yields many benefits, but those patients who 
also have HCC present some complexities in terms 
of the decision to treat. While there has been con-
troversy surrounding the effect of DAA therapy on 
HCC occurrence or recurrence, here we focus on the 

important issue of timing of HCV treatment in the 
presence of HCC. In a large real-world cohort, we 
have demonstrated that HCC is associated with a 
50% lower likelihood of achieving SVR than in those 
patients with no HCC, but whether the HCC was 
“active” or treated did not influence SVR rates. The 
clinical implications of these results are 2-fold. First, 
patients and providers need to set expectations for 
SVR at a lower level in patients with HCC. Second, 
there is no need to delay HCV treatment until the 
HCC is treated, as the efficacy of DAA therapy is not 
affected by whether HCC has been treated.

We found an absolute difference in SVR rates of 
9% among those with and without HCC. This dif-
ferential is similar to the single-center report from 
Northwestern University(11) but substantially less than 
that reported by in the national Veterans Affairs study, 
in which the SVR rates for patients with HCC was 
74% and for non-HCC patients was 91%.(10) The 
larger differential seen in the VA study may relate to 
their inclusion of patients receiving suboptimal reg-
imens, namely, sofosbuvir and RBV for genotypes 2 
and 3. In our study, such patients were excluded. Thus, 
when considering HCV treatment in patients with 
HCC, the modestly lower SVR rate is yet another 
factor that needs to be taken into consideration and 
may be especially relevant for transplant candidates 
who might benefit from deferral of therapy until after 
transplant, when higher SVR rates can be obtained.(16)

Why the presence or history of HCC influ-
ences the likelihood of achieving SVR is unknown. 
One proposed mechanism is that tumor cells serve 
as a sanctuary site for HCV. It has previously been 
demonstrated that HCV is able to replicate within 
tumor tissue in patients with HCC.(17-19) Because the 
uptake and intracellular effects of antiviral drugs by 
tumor cells is likely different from normal hepato-
cytes, it follows that HCV within tumor cells may 
evade the antiviral effects of DAA therapy. A second 
mechanism is related to the altered tumor microenvi-
ronment that may promote viral replication even out-
side of tumor cells. Specifically, HCV-infected HCC 
cells have been associated with alterations in signaling 
pathways, leading to increased tumor size, prolifera-
tion, and invasiveness.(20-22) The surrounding matrix 
changes, consisting of a myriad of cell types including 
immune and inflammatory cells,(23-25) and may alter 
the antiviral efficacy of DAA therapy. Furthermore, 
the underlying liver injury that predisposed the 
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patient to HCC may result in a relative deficiency 
in local immune function, which similarly may alter 
the efficacy of DAA therapy even after CT-HCC. 
Finally, the highly vascular nature of HCC may affect 
drug distribution within the liver. If drug concentra-
tions are highly concentrated in the arterially supplied 
tumor, this could lead to reduced drug exposure and 
concentrations elsewhere in the liver.

Importantly, we found no difference in the like-
lihood of achieving SVR in patients with PT/
UT-HCC (referred to as “active” in other studies) 
versus CT-HCC. These findings contrast with a pre-
vious single-center study from Prenner et al., in which 
the SVR rate was only 46% (27 of 59) in those with 
cirrhosis and active HCC versus 100% (18 of 18) 
in patients with inactive HCC.(11) The striking dif-
ference is possibly related to differences in baseline 
characteristics of the study populations, how HCC 
treatment response was ascertained, and the efficacy 
of the DAAs used. For example, we used radiologic 
criteria to define treatment response, typical of clinical 
practice, whereas explant pathology was used to define 
active tumor among those that went to liver transplant 
in the study from Prenner et al.(11) Additionally, we had 
a higher proportion of patients with decompensated 
cirrhosis in our study (41.1%), leading us to adjust for 
history of decompensation given the well-established  
relationship between decompensated cirrhosis and 
SVR rates. We also excluded patients treated with 
sofosbuvir and RBV, as SVR rates are clearly subopti-
mal with this combination. Thus, comparisons across 
studies are difficult. However, our larger, multicenter 
cohort should provide reassurance to clinicians that 
whether the HCC has been completely treated is not 
a major issue; rather, it is the presence of HCC per se 
that influences SVR rates. That said, because HCC 
treatment response often dictates the longer-term 
outcomes of patients with HCC, many clinicians pri-
oritize HCC treatment and reserve HCV treatment 
until response to HCC treatment is known.

A history of decompensation as well as baseline 
features associated with current decompensation (low 
albumin, elevated bilirubin) were associated with lower 
SVR rates. PPI use was also associated with lower SVR 
rates, an effect independent of the type of DAA ther-
apy. In patients with history of HCC, those not on PPI 
had a nearly 3-fold-higher odds of SVR than those 
who were on PPI. The importance of PPI use has been 
highlighted in previous studies.(26,27) With the goal of 

maximizing SVR rates in patients with HCV and liver 
cancer, providers should consider withdrawal of PPI in 
patients without clear indication for use.

Limitations are similar to those of any study with 
observational design, in that the treatment of HCV 
and HCC were not standardized and the assessments 
of HCC treatment response are based on information 
within imaging reports. However, the rigor of data col-
lection is high with the use of a centralized team of 
trained coders that reviews all redacted medical records 
and systematically monitors for completeness and accu-
racy. Furthermore, some of the treatment regimens used 
during the study period are no longer commonly used. 
To minimize bias related to low-efficacy regimens while 
simultaneously maximizing the number of study par-
ticipants, we chose to include all regimens that were 
associated with SVR rates of at least 80%. Using this 
criterion, patients receiving sofosbuvir and RBV therapy 
were excluded. Finally, as observational data, the ascer-
tainment of HCC and response to HCC therapy may 
be influenced by imaging modality used for screening 
and site expertise with HCC management. However, 
only patients with imaging before DAA therapy were 
included, and we used a window of 6 months prior to 
2 months after DAA to capture HCC status.

In conclusion, we have demonstrated that the 
presence of HCC reduces the likelihood of SVR 
by 50%, with no evident difference in those with 
CT-HCC versus PT/UT-HCC. This information 
will assist patients and providers in discussion on 
the risks, benefits, and optimal timing of treatment 
of HCV in this clinical setting.
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