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Abstract

Background & Aims—The approval of all-oral direct-acting antiviral (DAA) regimens for the
treatment of hepatitis C virus (HCV) has led to the expansion of therapy to include patients with
cirrhosis who have hepatocellular carcinoma (HCC). Data on the use of DAAs in HCV+ patients
with HCC is limited. The aim of this study was to assess the efficacy of all-oral-DAA regimens in
HCV+ cirrhotic patients who have or had HCC compared to those without HCC.

Methods—A retrospective cohort study was conducted on all cirrhotic patients who were treated
for HCV with DAAs at our institution between January 2014 and November 2015.

Results—A total of 421 HCV+ patients with cirrhosis were identified, of whom 33% had active
or a history of HCC. Failure to achieve sustained virologic response (SVR) occurred in 21% of
patients with HCC compared to 12% of patients without HCC (p = 0.009). Of the 29 patients with
HCC who did not achieve SVR, 27 (93%) occurred when an active tumor was present. DAA
therapy in the presence of an inactive tumor or after removal of tumor (resection/transplant)
resulted in excellent SVR rates, similar to those without HCC (p <0.0001). In multivariable
analysis, the primary predictor of DAA treatment failure was the presence of active HCC at the
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time of HCV treatment initiation (adjusted odds ratio = 8.5, 95% confidence interval = 3.90-
18.49).

Conclusions—The presence of active HCC tumor at the initiation of HCV therapy is
significantly associated with all-oral DAA treatment failure. HCV treatment after curative
therapies for HCC resulted in excellent SVR.

Lay summary—The new medications for hepatitis C have excellent cure rates. However, our
study shows that in patients with both liver cancer and hepatitis C, they do not achieve these cure
rates. Patients with liver cancer are almost 8 times more likely to fail hepatitis C treatment than
patients without liver cancer.

Keywords
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Introduction

Hepatitis C virus (HCV) has been the leading cause of cirrhosis in the United States for
several decades [1]. Until recently, the standard of care for HCV treatment was interferon
based therapy (IFN), which was wrought with intolerable side effects, long treatment
duration, and suboptimal sustained virologic response (SVR) rates of approximately 40% for
patients with genotype 1 [2,3]. SVR rates were lower in patients with advanced fibrosis [4].
The approval of direct-acting antiviral agents (DAA) has subsequently revolutionized
therapy for HCV. SVR rates are consistently over 90% for genotype 1 despite the presence
of cirrhosis [5]. Furthermore, the all-oral DAA regimens are well tolerated and require a
shorter length of therapy than the IFN-based therapies.

Cirrhosis in the setting of HCV is a leading risk factor for the development of hepatocellular
carcinoma (HCC) with an annual incidence rate of 1-4% per year [6]. The availability of
DAA:s has led to a significant increase in the number of patients receiving HCV therapy,
including those with cirrhosis and HCC. The impetus to treat HCV in patients with known
HCC is similar to those without HCC: to ameliorate ongoing inflammation and the
development of further fibrosis that ultimately can lead to the clinical consequences of portal
hypertension. The registration trials that led to the approval of the DAAs excluded patients
with HCC [7-10] or included only a few patients with HCC [11]. The only trial that was
dedicated to patients with HCC was a phase Il trial that examined the use of sofosbuvir and
ribavirin pretransplant in patients with HCC listed for liver transplantation, 70% of whom
achieved post liver transplantation SVR [12]. Initially patients received treatment for 24
weeks or until they underwent liver transplantation. However, after observing 3 pre-
transplant virologic relapses in HCC patients who had received the standard 24 weeks of
therapy, the trial was revised to continue treatment in all individuals for 48 weeks or until
they underwent liver transplantation [12]. It should be noted that sofosbuvir and ribavirin has
lower SVR rates in patients with genotype 1 than current regimens and is no longer
recommended [13,14].
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The efficacy of HCV therapy with contemporary highly effective, all-oral DAA regimens in
patients with HCC is currently unknown. Patients with HCC may have lower rates of SVR
as the tumor may serve as a viral reservoir, providing an immune tolerant environment for
the HCV. The aim of our study was to determine if the presence or history of HCC impacted
the likelihood of achieving SVR with highly effective, all-oral DAASs regimens.

Patients and methods

Patients

We performed a single center, retrospective cohort analysis of all patients with a history of
cirrhosis in the setting of HCV who were initiated on all-oral DAA therapy at Northwestern
Memorial Hospital between January 2014 and November 2015. Patients were identified
through our specialty pharmacy database, and hepatology and transplantation clinic visits.
During that time period, 421 patients with cirrhosis received all-oral DAA therapy. Of these,
284 (67%) had HCV without HCC and 137 (33%) had HCV with current or a history of
HCC. Two patients (both with HCC) were excluded from the final analysis, because of
missing treatment response data due to death. Of the remaining 419 patients, 284 (67%)
were in the non-HCC group and 135 (33%) were in the HCC group (Fig. 1).

The presence of chronic HCV infection was defined as detectable HCV RNA by real-time
polymerase chain reaction at the initiation of therapy. Genotype was confirmed and
documented. Cirrhosis was defined by one of the following: liver biopsy, FibroScan® >12.5
kPa, acoustic radiation force impulse >2.0 m/s, magnetic resonance (MR) elastography >5
kPa, or FibroSURE™ testing indicating F4 disease. Patients were classified as being in the
HCC group if they had radiographic evidence of a lesion on 4-phase multidetector computed
tomography (CT) scan or dynamic contrast-enhanced MR imaging that had arterial
hypervascularity and venous or delayed phase washout prior to HCV therapy initiation, if
they underwent resection of HCC prior to antiviral therapy with DAAs, or if they underwent
liver transplantation for HCC and were treated after transplantation with a DAA regimen.
Tumor was confirmed on explant for all transplanted individuals.

For the non-HCC group, in patients who received a transplant, explant data was reviewed to
ensure that patients documented as having HCV alone did not have histologic evidence of
HCC. Patients who did not undergo transplantation underwent regular assessment for HCC
with semiannual alpha fetoprotein (AFP) assessment and liver imaging with ultrasound or
cross sectional imaging.

Data collection

Patient information was procured from a prospectively maintained electronic database, the
Organ Transplant Tracking Record and the hospital system’s outpatient based electronic
medical record.

Clinical characteristics for the patients were obtained at the time of HCV treatment
initiation. Data collected included patient age, gender, race, ethnicity, body mass index
(BMI), alcohol history, calculated model for end-stage liver disease (MELD) score, Child-
Turcotte-Pugh (CTP) class, and AFP at the time of HCV treatment initiation. HCV specific
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data included baseline HCV viral load, prior treatment history, genotype, type of DAA used,
and duration of DAA therapy. The particular DAA regimen used was determined at the
discretion of individual physicians based on the HCV genotype and the regimens available at
the time. Given the time period of the inclusion criteria, a few regimens used are no longer
considered standard of care. For our analysis, we classified regimens as either adequate or
inadequate based upon current HCV therapy guidelines. Inadequate regimens were defined
as sofosbuvir and simeprevir (SOF/SIM) for 12 weeks, sofosbuvir and ledipasvir (SOF/
LDV) for 12 weeks in treatment experienced patients, or sofosbuvir and ribavirin (SOF/
RBYV). We assessed response to DAA therapy by documenting the end of treatment (EOT)
response and the SVR12. SVR12 was defined as an undetectable HCV RNA (HCV viral
load <15), 12 weeks after completion of HCV therapy. Treatment failure was defined as the
presence of detectable HCV RNA within 12 weeks of discontinuation of antiviral therapy.

Patients in the HCC group had additional data collected regarding their cancer history.
Patients were considered part of the HCC group if they had a known diagnosis of HCC prior
to the initiation of DAA treatment. For all patients with HCC, tumor size and AFP level
were collected at the time of HCC diagnosis. Notation was made as to whether tumor was
present at the time of all-oral DAA initiation. The presence of tumor was defined as a lesion
on imaging delineated as HCC; this included individuals with previously treated lesions with
radioembolization (Y90) or chemoembolization (TACE) who had evidence of radiographic
tumor response with tumor necrosis. Patients that received a resection or transplant and
subsequently started DAA were categorized in the HCC group, although were defined as
having absent tumor. The presence of active tumor was also noted, defined as arterial
enhancement and venous washout on tri-phasic CT or MRI imaging, or the existence of
active tumor on explant pathology. All other data was collected at the time of HCV therapy
initiation and included lesion size, number of lesions, Barcelona Clinic Liver Cancer
(BCLC) stage, the presence of metastatic disease, and the type(s) of therapy for HCC. The
study was approved by the Institutional Review Board of Northwestern University.

Clinical characteristics were described using frequency counts and percentages for
categorical variables and means with standard deviations for continuous variables.
Univariate comparisons of HCV treatment response or HCC status characteristics used ¢
tests for continuous variables and ANOVA, Chi square or Fisher exact test for categorical
variables. Multivariable logistic regression models were then used to assess the association
of presence of HCC tumor on HCV treatment failure. Covariates in the multivariable model
were chosen a priorifor clinical importance. Potential confounders included age, gender,
race, ethnicity, CTP class, platelet count, prior history of HCV treatment, HCV genotype,
hepatitis B core antibody status, treatment regimen and treatment timing related to
transplant. Patients who died prior to the EOT but did not have a post-treatment HCV RNA
test were excluded from analysis (n = 2). Interaction terms were generated between HCC
status and race, sex, age, and HCV treatment response. A p value <0.05 was considered
statistically significant. Analyses were performed using STATA 9.4 (STATA institute, Cary,
NC).

For further details regarding the materials used, please refer to the CTAT table.
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The baseline characteristics of the entire HCV positive population and comparison between
patients in the HCC and non-HCC groups are shown in Table 1. Patients treated for HCV
with DAASs had a mean age of 61 years and were predominantly Caucasian (63%) and male
(68%). Most patients had HCV genotype 1 (86%), had previously been treated for HCV
(60%), and were largely CTP class A (74%). Transplantation status, reasons for non-listing
and the timing of HCV treatment relative to transplantation for all patients are shown in Fig.
1. Orthotopic liver transplantation (OLT) was performed in 151 patients, of whom 74 (49%)
were in the non-HCC group and 77 (51%) were in the HCC group. Patients who did not
undergo OLT were either too healthy to be listed, were listed and awaiting transplantation,
were in the process of OLT evaluation, were too old for transplant (age >75), or had
advanced HCC and thus, were ineligible for transplantation.

Compared to patients without HCC, patients with HCC were significantly more likely to be
male (75% vs. 65%; p= 0.04), were older (64 vs. 60 years; p<0.0001), have a positive
hepatitis B core antibody (39% vs. 26%; p= 0.006), and have higher baseline AFP levels (23
vs. 50 ng/ml; p=0.004). Patients without HCC had more underlying liver dysfunction
manifested by a higher prevalence of ascites (26% vs. 14%, p= 0.004), hepatic
encephalopathy (20% vs. 9%, p= 0.008), and CTP B or C disease (29% vs. 19%, p= 0.03)
compared to those with HCC. There was no significant difference between groups in terms
of age, BMI, calculated MELD score, percentage who were treatment experienced, or HCV
genotype. In order to isolate the effects of HCC on DAA treatment failure among those with
active cirrhosis, a sensitivity analysis was performed excluding all patients who were treated
with DAA therapy post-transplant. Baseline demographics of patients with cirrhosis at the
time of DAA initiation is shown in Table S1.

HCC patient characteristics

There were 137 patients with a history of cirrhosis who had both HCV and HCC. The mean
age was 64 years and patients were primarily Caucasian (67%). The average MELD score
was 10 and the majority of patients had CTP A disease (81%). Average AFP at HCV
treatment initiation was 50 ng/ml and 58% of patients were treatment experienced. Genotype
1 was again the predominant genotype (85%); 3% had genotype 2, and 12% had genotype 3.

Tumor characteristics of the HCC group are shown in Table 2. The average tumor size at
HCC diagnosis and HCV treatment initiation were 33 = 3 and 31 + 3 mm, respectively. The
mean AFP at the time of HCC diagnosis was 751.6 £ 665.5 ng/ml. At the time of HCV
treatment initiation, 64 patients (47%) had tumor present on imaging. On further review of
imaging and explant pathology of those with tumor present, 59 patients (43%) had active
tumor at the time of treatment. The majority of patients with tumor present were BCLC
stage A (64%). Out of the entire HCC cohort, only 37 patients (27%) had multifocal HCC at
treatment initiation and 2 patients (1%) had metastatic disease.

Treatment characteristics for the 137 HCC patients are also shown in Table 2. Seventy-seven
patients (56%) received a liver transplant, for which 60 (78%) patients were treated for HCV
post-transplant, 13 (22%) pre-transplant, and 4 (7%) peri transplant. Hepatic resection was
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performed in 18 (13%) patients. In those who were resected, 3 initiated HCV treatment with
tumor present and 15 were treated after resection. Radioembolization and TACE were
carried out either as primary HCC therapy or in conjunction with surgical intervention as
part of a down staging protocol in 61% and 18% of patients respectively. Out of the 84
patients who received radioembolization, HCV therapy was initiated in 25 patients prior to
receiving radioembolization and 59 after. All 25 patients who received TACE began HCV
therapy after receiving TACE.

DAA treatment outcomes

HCV treatment outcomes for both groups are shown in Fig. 2. The EOT failure rate in all
patients was approximately 5%. EOT failure occurred in 12 (4%) patients without HCC
compared to 7 (5%) patients with HCC (p = 0.56). There was a significant difference in
DAA failure at 12 weeks following completion of HCV therapy (Fig. 2). A total of 62
patients (15%) failed HCV therapy at 12 weeks. Patients in the non-HCC group had a 12-
week DAA failure rate of 12% compared to a failure rate of 21% in the HCC group (p=
0.009).

In the population who underwent liver transplantation, 14 out of 151 patients (9%) failed
treatment: 4 failures occurred in the post-transplantation setting, 2 of whom had a history of
pretransplantation diagnosis of HCC. The other 10 failures occurred in the pre-
transplantation setting in patients without HCC. Patients in the HCC group who were treated
with DAAs after resection or OLT had similar failure rates to those that did not have HCC
(3% vs. 2%, p=0.65).

DAA treatment outcomes by regimen

The HCV treatment regimens used in all patients are shown in Fig. 3. SOF/SIM for 12
weeks was the most common regimen (46%) followed by SOF/LDV for 12 (18%) and 24
weeks (13%), SOF/RBV for 24 weeks (13%), and SOF/LDV/RBV for 12 weeks (6%). The
type of regimen predicted HCV treatment failure (o = 0.005). Regimens associated with the
highest failure rate were ones that are classified as inadequate, including SOF/SIM for 12
weeks (60%), followed by SOF/RBV (25%, Fig. 3). In the entire cohort, 75% of those who
failed DAA therapy received inadequate therapy compared to 62% who achieved SVR12 (p
= 0.06). When examined by HCC status, patients with active tumor were more likely (52%)
than patients without HCC (35%) or a history of treated HCC (22%) to have received
adequate DAA therapy (v = 0.004).

Predictors of DAA treatment failure

Univariate predictors of HCV treatment failures are shown in Table 3. Treatment failures had
a higher international normalized ratio (INR) (1.3 vs. 1.2, p=0.01), higher aspartate
aminotransferase (AST) (98 vs. 78 units/L, p= 0.02), and a lower platelet count (103 vs. 133
ul, p=0.007) compared to those who achieved SVR12. Failures were more likely to be
Caucasian (17% vs. 11%, p= 0.02), have ascites (25% vs. 12%, p = 0.003), and have active
tumor present (93% vs. 30%, p <0.0001) at the time of treatment. A higher percentage of
CTP B and C patients failed treatment compared to those who achieved SVR12 (40% vs.
24%, p=0.01). Patients who were not transplanted had higher failure rates than those who
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received a transplant (18% vs. 9%, p= 0.01). The majority of DAA treatment failures were
genotype 1 (81%).

DAA treatment failure characteristics by liver disease severity

In the non-HCC group, 95% of patients had genotype 1 (95%) and 5% were genotype 3. In
the HCC group, 79% of patients had genotype 1 and 21% were genotype 3. The non-HCC
group had a higher percentage of treatment experienced patients (76% vs. 50%) and more
advanced liver disease, as represented by their CTP and MELD scores. The percentage of
non-HCC patients with CTP stage A, B, and C were 52%, 45%, and 3% respectively, as
opposed to those with HCC of which 71% had CTP A and 29% with CTP B disease. The
average MELD score was 12 for patients in the non-HCC group compared to 9.6 in the HCC
group who failed.

DAA treatment failure characteristics by tumor status

The presence of tumor impacted failure rates in the 135 patients with HCC who were treated
with DAAs with tumor present vs. those who were treated after therapy with resection or
transplantation. Failure rates for HCC patients who had tumor present (n = 64), were 42%
compared to only 3% in patients who no longer had tumor present (n = 71, p<0.0001). In
the 64 patients with tumor present on imaging, 58 (90%) had active tumor on either imaging
(n = 38) or subsequent surgical explant pathology (n = 20). The failure rate for patients with
active tumor present at the time of HCV treatment initiation (n = 58) was 48% vs. 0%
among the 5 patients who had non-active tumor present at the time of HCV treatment
initiation (p = 0.04). There was no significant difference in failure rates among patients with
inactive tumor or those without tumor present, compared to patients without HCC (p =
0.54). These findings equated to significant differences across the HCC cohort that depended
upon the presence of active tumor, with failure rates in patients with no tumor, inactive
tumor, and active tumor of 2%, 0%, and 20% respectively (0 <0.0001 for trend).

The 27 HCC patients who had tumor present and failed treatment primarily had BCLC stage
A disease (59%), followed by stage B (29%), stage 0 (7%), and stage C (4%). Patients with
single lesions had similar failure rates to patients with multifocal HCC; failure rates were
44% and 42% respectively. There was no statistically significant difference in DAA
treatment regimen among patients with HCC who failed treatment (p for trend < 0.08). The
timing of liver directed therapy was evaluated in patients that failed DAA treatment: 10
patients received liver directed therapy prior to HCV therapy, 14 post HCV therapy, and 3
patients received no liver directed therapy.

Multivariable predictors of DAA treatment failure

In the multivariable analysis, the primary predictor of DAA treatment failure was the
presence of active HCC tumor at the time of HCV treatment initiation, even after controlling
for age, gender, race, ethnicity, CTP score, platelet count, genotype, and DAA regimen used
(adjusted odds ratio (AOR) 8.49; 95% confidence interval (Cl) = 3.90-18.49, p<0.001). A
secondary predictor of failure was use of an inadequate treatment regimen (AOR 2.85; 95%
Cl =1.32-6.16, p= 0.008). Notably, CTP score and genotype did not predict treatment
failure (Table 4). In sensitivity analyses excluding all individuals treated post-transplant,
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active tumor remained a significant predictor of treatment failure (AOR 5.80; 95% ClI =
2.55-13.2, p<0.001; Table S2). In sensitivity analysis excluding patients with genotype 3
HCV, which is known to be difficult to treat, active tumor was still the primary predictor of
treatment failure (AOR 7.38; 95% CI = 3.26-16.72, p <0.001; Table S3).

Discussion

We have shown that presence of active HCC tumor at the time of HCV treatment initiation is
associated with treatment failure using an all-oral DAA regimen, independent of traditional
predictors of HCV treatment failure. These observational findings raise important questions
about the optimal treatment timing of HCV among patients with HCC.

Our results show that the presence of active HCC had a negative impact on achieving SVR.
Overall failure in our HCC cohort was 21% compared to only 12% in those without HCC.
Furthermore, of the 64 patients initiated on therapy with tumor present, 27 patients (43%)
failed. All 27 patients had confirmed active tumor on either imaging or explant. There were
5 individuals with tumor present on imaging, but who had no evidence of viable tumor post
liver directed therapy (LDT). None of these 5 individuals failed HCV treatment and they had
no significant difference in HCV treatment outcomes compared to an individual without
HCC. There were 71 patients who had HCC but were successfully treated with resection or
transplantation, of whom only 2 patients (3%) failed HCV therapy. These data all suggest
that it is not merely a history of HCC that influences treatment failure, but rather the
presence of active tumor. On multivariate analysis, patients with active HCC present at the
time of DAA initiation had eight-fold increased risk of failing HCV therapy compared to
those without HCC. The presence of active HCC was the greatest predictor of treatment
failure. Traditional factors that have correlated with a lower likelihood of HCV treatment
response, such as genotype 3, African American race, and poor liver synthetic function, as
shown by high MELD or CTP scores, did not appear to explain the difference in SVR
between the 2 groups. Sensitivity analysis excluding patients with genotype 3 shows that
active tumor remains the primary predictor of treatment failure. Additionally, patients
without HCC tended to have more advanced liver disease at therapy initiation and had a
higher proportion of treatment experienced patients than those with HCC.

Looking at failure rates across treatment regimens, patients who failed DAA therapy were
more likely to have received an inadequate regimen (75% vs. 62%, p= 0.06). On
multivariate analysis, as one might expect, inadequate regimens were predictive of treatment
failure. However, patients with active HCC were less likely to receive inadequate therapy
and still had higher failure rates than patients without HCC or a history of HCC treated by
resection or transplantation. Active HCC was a much stronger predictor of treatment failure
than regimen on multivariate analysis (AOR 8.49 vs. 2.85). Regimens that are now
considered the standard of care, such as SOF/LDV 12 or 24 weeks or SOF/LDV/ RBV had
lower overall failure rates than the first generation of DAASs (11%, 4%, and 8%
respectively). Failure rates of 11% and 8% are higher than noted in the registry trials. All
patients were monitored by our specialty pharmacy and were felt to have excellent
compliance. We feel that these higher failure rates on these standard regimens occurred
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primarily in treatment naive patients with HCC, who had a failure rate of 19% for SOV/LDV
12 weeks and 13% for SOF/LDV/RBV.

The biological explanation for the diminished SVR in patients with active HCC is not
entirely clear. The vast majority of HCV treatment failures were not seen at the end of
treatment, but were only observed 12 weeks post-treatment (5% EOT failure vs. 21% 12-
week failure). HCC may serve as a sanctuary for HCV, where virus particles may evade
DAA therapy. HCC has been implicated as a viral reservoir for hepatitis B (HBV). One
study identified HBV cccDNA in HCC cells of individuals who had post-transplantation
recurrence of HBV and HCC [15]. The amount of tumor present in our cohort, did not
predict treatment failure, as most failures were in patients with BCLC stage A and were
solitary tumors.

Another putative explanation may be related to the effects of LDT. It is possible that DAAs
may penetrate and distribute unequally within areas that have been treated with LDT due to
decreased blood flow. LDT, particularly radioembolization, may induce local hepatic
fibrosis, a traditional risk factor for HCV treatment failure [16]. While the timing of
initiation of HCV therapy relative to timing of Y90 did not impact SVR, these numbers are
small and the time frame was short between Y90 and initiation of HCV therapy.

In contrast to patients who had tumor present at the time of HCC therapy, patients with
history of HCC treated with DAAs after resection or OLT had similar failure rates to patients
that never had HCC (3% vs. 2%). Treatment post-transplantation for all patients was also
found to be an independent predictor of achieving SVR on multivariate analysis. This
finding is likely due to improved synthetic function in patients post-OLT. While not
specifically examined in this study, it is possible that patients treated post-OLT receive
longer treatment duration or the addition of ribavirin. Based on our observations, this could
have significant impact on the timing of HCV therapy in patients with HCC listed for OLT.
Patients who fail HCV therapy prior to transplant may have fewer options for post-transplant
HCV treatments and be at risk for developing resistance-associated variants.

Our study has several limitations, mainly that it is retrospective and observational in nature.
Several patients in our cohort also received first generation all-oral DAA regimens. Future
prospective studies with the newer DAA therapies will be needed to confirm the findings.
Additionally, this study is a single center study. We have aggressively treated HCV in our
patients, including patients with more advanced tumor. The findings may not be
generalizable to all institutions that only treat patients eligible for definitive HCC therapy.
Finally, the only population for which HCC status did not impact treatment outcomes was
the 22 individuals with genotype 2. This may be because this subpopulation only had 4
individuals with HCC. Our results at this time are only generalizable to the other genotypes.

In conclusion, our data demonstrate that the presence of active HCC at the initiation of HCV
therapy is significantly associated with DAA treatment failure. In contrast, DAA therapy in
the presence of inactive tumor or post removal of tumor (resection/ transplant) resulted in
excellent SVR rates, similar to patients without HCC. Additional studies are needed to
elucidate the complex interaction between tumor status, HCV and the immune system
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response to DAA therapy. Increased knowledge of these mechanisms will improve
understanding of the ideal timing for treatment of HCV in patients with concomitant HCC.
There may be a trade-off in optimizing HCV clearance and risk of recurrent HCC depending
upon the immunologic properties of an individual tumor.
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421 patients treated with all-oral DAA’'s
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Fig. 1. Study population
DAA, direct-acting antiviral; HCV, hepatitis C virus; HCC, hepatocellular carcinoma;

MELD, model for end-stage liver disease.
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Fig. 2. Percentage of patients who failed hepatitis C therapy at the end of treatment and at 12
weeks post-treatment

EOT, end of treatment; HCC, hepatocellular carcinoma. *¢test used for statistical analysis.
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Fig. 3. Failure rate of DAA therapy by treatment regimen received
SOF, sofosbuvir; SIM, simeprevir; RBV, ribavirin; LDV, ledipasvir; DCV, declatasvir; 3D,
ombitasvir/paritaprevir/ritonavir.
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Baseline Characteristics of HCV+ patients who underwent treatment with all-oral DAA therapy stratified by

HCC status.
Characteristics Entire cohort Non-HCC HCC p value®
(n=421) (n=284) (n=137)

Age, mean, years 61, 8.3 60, 8.4 64,7.4 <0.0001
Male, n (%) 288 (68) 185(65)  103(75)  0.04
Race/Ethnicity, no. (%)

Caucasian 256 (65) 165 (61)  91(67) 0.81

African American 64 (16) 45 (17) 64 (14)

Hispanic 67 (16) 47 (17) 67 (15)

Other 22 (3) 15 (5) 22 (4)
BMI (kg/m?), mean 29,5.3 29,55 28,49 0.21
Former alcohol use, no. (%) 100 (24) 64 (23) 36 (26) 0.24
Calculated MELD 10, 4 11,4.2 10, 3.6 0.15
Child-Turcotte-Pugh Class, no. (%)

A 310 (74) 201(71)  109(81)  qg37

B 107 (25) 81 (29) 26 (19)

C 3(1) 2(0.1) 1(0.7)
Ascites, no. (%) 94 (22) 75 (26) 19 (14) 0.004
Hepatic encephalopathy, no. (%) 69 (16) 56 (20) 13 (9) 0.008
AFP (ng/ml) 31,805 23,45.6 50,1255 0.004
Creatinine (mg/dl) 1.09, 1.09 1.09,1.28 1.07,0.48 0.88
Total bilirubin (mg/dl) 1.46, 1.84 153,162 1.33,223 0.30
Albumin (g/dl) 3.65, 0.62 3.64,0.63 3.68,0.59 0.56
INR 1.18,0.30 119,030 1.15,0.31 0.22
AST (units/L) 80, 59.6 80, 54.4 83,69.3 0.60
ALT (units/L) 76, 69.5 73,53.6 83,94.1 0.17
Platelets (ul) 128, 80.2 126, 84.1 132,716 047
Sodium (mmol/L) 137,2.98 137,2.94 138,3.05 0.06
HBsAg present, n (%) 4(1) 3(1) 1(0.7) 0.76
HBclgG present, n (%) 119 (30) 68 (26) 51 (39) 0.02
Log HCV viral load 135,58 135,7.20 13.7,6.14 0.79
Treatment experienced, n (%) 252 (60) 173 (61) 79 (58) 0.52
HCV genotype (%)

1 360 (86) 244(86)  116(85)  0.16

2 22 (5) 18 (6) 4(3)

3 35 (8) 19 (7) 16 (12)

Other 4(0.01) 3(1) 1(0.07)

Treatment classification **(%)
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Characteristics Entire cohort Non-HCC HCC p value®
(n=421) (n=284) (n=137)
Inadequate 266 (63) 187 (66) 79 (58) 0.12
Adequate 155 (37) 97 (34) 58 (42)

Data are presented as mean, standard deviation or number (%).

HCV, hepatitis C virus; HCC, hepatocellular carcinoma; HCV-HCC, individuals with both hepatitis C and hepatocellular carcinoma; n, number;
BMI, body mass index; MELD, model for end-stage liver disease; AFP, alpha fetoprotein; INR, international normalized ratio; AST, aspartate
transaminase; ALT, alanine transaminase; HBsAg, hepatitis B surface antigen; HBclgG, hepatitis B core IgG.

*
ttest for continuous variables and Chi square or Fisher exact test for categorical variables for the comparison between non-HCC and HCC groups.

Hok

Treatment classified as inadequate or adequate based on current HCV treatment standards. Inadequate treatment was defined as simeprevir/
sofosbuvir 12 weeks orsofosbuvir/ledipasivir 12 weeks in treatment experienced patients or sofosbuvir/ribavirin regimens.

fComparisons between Child-Turcotte-Pugh A vs. B or C.
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Table 2

Tumor characteristics of patients with HCC who underwent treatment with all-oral DAA therapy.

HCC tumor characteristics HCC group (n = 137)

HCC size (mm), mean, SD

At diagnosis 33.1,2.9

At treatment 31.2,2.8
AFP (ng/ml) at diagnosis 751.6, 665.6
Tumor present at HCV treatment, n (%) 64 (47)

Active tumor*present at HCV treatment, n (%) 59 (43)

BCLC stage at HCV treatment, n (%)

0 3(5)
A 40 (63)
B 14 (22)
c 5 (8)
D 1(2)

Number of lesions, n (%)

0-1 120 (73)

2-3 27 (20)

4 or more 8 (6)
Metastatic disease, n (%) 2(1)

. *ok
Treatments received

Resection 18 (13)
oLT 77 (56)
Y90 83 (61)
TACE 25 (18)

HCC, hepatocellular carcinoma; AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Clinic; OLT, orthotopic liver transplant; Y90,
radioembolization; TACE, transcatheter arterial chemoembolization.

*
Active tumor was defined as arterial enhancement and venous washout on tri-phasic CT, contrast-enhanced MRI imaging, or the existence of
active tumor onexplant pathology.

*Kk
Patients may have received multiple therapies.
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Table 3

Univariate predictors of DAA treatment failure.

Characteristics SVR12(n=356) Failure(n=63) pyajue”
Age, mean, years 61,85 61,7.1 0.56
Male, n (%) 237 (67) 48 (77) 0.10
Race/ethnicity, n (%)

Caucasian 210 (62) 44 (71) 0.72

African American 57 (17) 6 (10)

Hispanic 55 (16)

Other
BMI (kg/m?), mean 29,5.3 30,5.6 0.24
Former alcohol use, n (%) 81 (23) 17 (27) 0.04
Calculated MELD 10,4.1 11,34 0.20
Child-Turcotte-Pugh class, n (%)

A 270 (76) 37 (60) 0.01

B 83(23) 23 (37)

c 1(1) 2(3)
Ascites, n (%) 71 (20) 23 (37) 0.003
Hepatic encephalopathy, n (%) 54 (15) 14 (23) 0.15
AFP (ng/ml) 29.2,825 413,735 0.31
Creatinine (mg/dl) 1.13,1.17 0.87,0.27 0.09
Total bilirubin (mg/dl) 1.44,1.95 1.63,1.06 0.44
INR 1.16,0.31 1.27,0.22 0.01
AST (units/L) 77.9,57.4 97.8,69.9 0.01
ALT (units/L) 73.7,60.8 89.7,69.7 0.10
Platelets (pl) 132.8,83.7 103.2,53.1 0.01
Sodium (mmol/L) 137.3,3.04 137.6, 2.57 0.55
HBsAg present, n (%) 4(1) 0(0) 0.41
HBclgG present, n (%) 103 (31) 14 (24) 0.52
Log HCV viral load 137,21 13.2,2.6 0.12
Treatment experienced, n (%) 212 (60) 39 (63) 0.64
Transplant status 135 (38) 13 (21) 0.01
HCV genotype

1 307 (86) 50 (81) 0.004

2 22 (6) 0 (0)

3 23(7) 11 (18)

Other 3(@1) 1D
Regimen

SOF/SIM 12 weeks 159 (45) 31 (50) 0.005
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Characteristics

SVR12 (n = 356)

Failure (n=63)  pyalue®

SOF/LDV 12 weeks 66 (19) 8 (13)
SOF/LDV 24 weeks 53 (15) 2(3)
SOF/RBV 42 (12) 14 (22)
SOF/LDV/RBV 23 (6) 2(3)
SOF/SIM 24 weeks 2(0.6) 3(5)
3D/RBV 7(2) 19
3D 1(0.3) 0 (0)
HCC status
History of HCC 106 (30) 29 (47) 0.009
Tumor present 37 (10) 27 (44) <0.0001
Active tumor 31 (30) 27 (93) <0.0001

Data are presented as mean, standard deviation or number (%).

Page 19

HCYV, hepatitis C virus; HCC, hepatocellular carcinoma; HCV-HCC, individuals with both hepatitis C and hepatocellular carcinoma; n, number;
BMI, body mass index; MELD, model for end-stage liver disease; AFP, alpha fetoprotein; INR, international normalized ratio; AST, aspartate

transaminase; ALT, alanine transaminase; HBsAg, hepatitis B surface antigen; HBclgG, hepatitis B core 1gG; SOF, sofosbuvir; SIM, simeprevir;
LDV, ledipasvir; RBYV, ribavirin; 3D, ombitasvir/paritaprevir/ritonavir.

*
ttest for continuous variables and Chi-square or Fisher exact test for categorical variables.
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Multivariable Predictors of DAA treatment failure in the entire population.

Table 4

Covariate Odds ratio  95% ClI p value
Age (per year) 0.99 0.95-1.03 0.69
Male gender 1.38 0.67-2.82  0.39
White race 0.71 0.28-1.77 0.46
Hispanic ethnicity 157 0.52-4.77  0.42
Child-Turcotte Pugh class (A vs.Band C)  1.64 0.83-3.21 0.15
Platelets (per 1 pl) 0.99 0.99-1.00  0.09
Genotype 3 (vs. 1 or 4) 1.69 0.64-4.42

HbClgG present 0.59 0.29-1.22  0.16
Inadequate regimen * 2.85 132-616  0.008
Active tumor 8.49 3.90-18.49  <0.001

HBclgG, Hepatitis B Core IgG.

Page 20

*
Treatment classified as inadequate or adequate based on current HCV treatment standards. Inadequate treatment was defined as simeprevir/

sofosbuvir 12 weeks or sofosbuvir/ledipasivir 12 weeks in treatment experienced patients or sofosbuvir/ribavirin regimens.
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