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ABSTRACT

Background & Aims: Studies have produced conflicting results of the incidence of
hepatocellular carcinoma (HCC) in patients with in hepatitis C virus (HCV)-associated
cirrhosis treated with direct-acting antivirals (DAAs). Data from clinics are needed to
accurately assess the occurrence rate of HCC in patients with cirrhosis in the real world.
Methods: We collected data from a large prospective study of 2249 consecutive patients
(mean age, 65.4 years and 56.9% male) with HCV-associated cirrhosis (90.5% Child-Pugh
class A, 9.5% Child-Pugh class B) treated with DAAs from March 2015 through July 2016
at 22 academic and community liver centers in Sicily, Italy. HCC occurrence was
evaluated by Kaplan-Meier curves. Cox regression analysis was used to identify variables
associated with HCC development.

Results: A sustained virologic response (SVR) was achieved by 2140 patients (95.2%
total; 95.9% of Child Pugh class A and 88.3% of Child Pugh class B patients (P<.001).
Seventy-eight patients (3.5%) developed HCC during a mean follow-up of 14 months
(range, 6—24 months). At 1 year after DAA exposure, HCC developed in 2.1% of Child-
Pugh class A patients with an SVR and 6.6% of patients with no SVR; HCC developed in
7.8% of Child-Pugh class B patients with an SVR and 12.4% of patients with no SVR
(P<.001 by log-rank test). Aloumin level below 3.5 g/dL (hazard ratio,1.77; 95% CI, 1.12—
2.82; P=.015), platelets count below 120x10°%L (hazard ratio, 3.89; 95% Cl, 2.11-7.15;
P<.001), and absence of SVR (hazard ratio, 3.40; 95% CI,1.89-6.12; P<.001) were
independently associated increased risk for HCC. The mean interval in time from DAA
exposure to an HCC diagnosis was 9.8 months (range, 2—-22 months) and did not differ
significantly between patients with (n=64, 9.2 months) and without an SVR (n=14, 12.0

months) (P=.11). A higher proportion of patients with an SVR had a single HCC lesion
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(78% vs 50% without an SVR; P=.009) or HCC lesion less than 3 cm (58% vs 28% without
an SVR; P=.07).

Conclusions: In an analysis of data from a large prospective study of patients with HCV-
associated compensated or decompensated cirrhosis, we found that SVR to DAA
treatment to reduce the incidence of HCC over a mean follow-up of 14 months.

Keywords: RESIST-HCV, liver cancer risk, reduction, sofosbuvir
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INTRODUCTION

Soon after its discovery, hepatitis C virus (HCV) was identified as an independent
risk factor for the development of hepatocellular carcinoma (HCC), especially in patients
with cirrhosis, (1). Older age, male gender, and active hepatic necro-inflammation were
also widely acknowledged as independent risk factors for HCC, regardless of the etiology
of chronic liver disease (2,3).

Because no regimen has a proven antifibrotic effect, only drugs acting on the
etiology of liver damage can stop the progression of liver fibrosis and, thus, indirectly
reduce the risk of hepatic decompensation and of HCC (4). Etiological treatment of
patients with chronic HCV infection has progressed massively since the days of IFN-based
regimens, in terms of effective viral clearance and of applicability. Until 2015, IFN-based
therapy had limited indications; its effectiveness varied according to degree of fibrosis,
stage of liver disease, viral genotype, and presence of co-morbidity (5,6). Despite these
limitations, large cohorts of patients with compensated cirrhosis treated with IFN-based
regimens and followed-up over the long term showed substantially reduced rates of
disease decompensation, HCC incidence, and mortality, when a sustained virological
response (SVR) was obtained (7-10). Unfortunately, the low SVR rate in these cohorts
(<40%) and the limited applicability of IFN-based therapy for patients with advanced or
decompensated liver disease reduced the relevance of these outcomes.

New regimens with direct-acting antiviral (DAA) agents have changed both the
spectrum and the scope of treatment, all patients being amenable to viral eradication at
any stage of liver disease. SVR rates to currently available combinations exceed 95% in
real-life practice. Based on the results of trials (11,12), the U.S. Food and Drug
Administration (FDA) and European Medicines Agency (EMA) approved DAA for all

patients with chronic HCV liver disease, regardless of age, disease stage, and viral
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genotypes. Practice guidelines from AASLD (13) and EASL (14) recommend treating
patients with compensated or decompensated cirrhosis with priority in order to reduce
short-term complications.

While a reduction of deaths due to improved liver function is reported in a
retrospective analysis of a large cohort of patients with advanced liver fibrosis treated with
DAA (15), data on the risk and modality of HCC occurrence in patients with cirrhosis are
discordant (16-20); the first observational studies triggered a debate on the early incidence
of HCC (21,22). This uncertainty could affect clinical practice; hence the safety of therapy
in cirrhosis patients needs to be assessed in extensive, prospective, real-life cohort
studies.

We report the outcome of a large prospective cohort of patients with HCV cirrhosis
and no previous diagnosis of HCC, in order to assess the de novo occurrence of HCC, to
identify risk factors associated with its occurrence, and to characterize the presentation of

HCC according to HCV response to DAA.

PATIENTS AND METHODS

RESIST-HCV (Rete Sicilia Selezione Terapia — HCV) is a web-based regional database
that includes data on all patients with HCV liver disease treated with DAA since March
2015 in 22 academic and community liver centres in Sicily. Registration in the RESIST
HCV network and recording of baseline data are mandatory to for prescription of
treatment. The database includes information on reported criteria for diagnosis, staging of
liver disease, baseline virological evaluation, DAA regimens, adverse events (AEs), and
treatment outcomes.

The database records the timing of virological and instrumental tests (US and EGS)

performed before the start of DAA, as well as virological and clinical outcomes observed
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during treatment and follow-up. Patients are considered drop-outs if they did not have SVR
or did not present for at least 2 consecutive clinical controls.

According to Agenzia lItaliana del Farmaco (AIFA) criteria, the diagnosis of cirrhosis is
established if at least one of the following clinical characteristics is present: previous liver
biopsy with stage 4 fibrosis (by METAVIR score), presence of esophageal and/or gastric
varices at esophageal gastroscopy (EGS), liver stiffness >12 KPa (by Fibroscan), platelet
count <100 x 10%L. Child-Pugh score was used to indicate functional class of cirrhosis.
DAA regimens available for treatment of cirrhosis from March 2015 to March 2017 were:
Sofosbuvir (SOF) + Ribavirin (RBV); Sofosbuvir plus Ledipasvir (SOF/LDV) + RBV;
Ombitasvir/Paritaprevir/Ritonavir ~ (OBV/PTV/r) + Dasabuvir (DSV) + RBYV;
Ombitasvir/Paritaprevir/Ritonavir (OBV/PTV/r) = RBV; Sofosbuvir plus Daclatasvir
(SOF/DCL) £ RBV; Sofosbuvir + Simeprevir (SOF/SIM) = RBV. Physicians at each centre
included in RESIST-HCV established the patient’s treatment regimen and use of ribavirin.
Regional Heath Authority required a control of serum HCV-RNA 12 wk after the end of
therapy (SVR3i2). HCC surveillance was performed with US every 6-12 mo during and
after antiviral treatment. When a focal lesion was identified in liver by US, HCC should be
confirmed by imaging (CT and/or MR) and/or biopsy, as suggested by guidelines (23).
Four expert clinical monitors together physicians of 22 RESIST-HCV centres performed
recording and verification of virological and clinical outcomes. We analyzed the records of
all patients with cirrhosis treated with DAA and consecutively included in the RESIST-HCV
database from March 1, 2015 to November 30— 2016 and who were available for SVR;; at
the time of analysis (February 28, 2017). Patients with previous diagnosis of HCC,
previous liver transplant (LT), or on LT waiting list were excluded. Patients who withdrew
from therapy, those not evaluable for SVR, and patients who had not undergone =1 US

after the start of DDA were not assessed for outcomes.
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STATISTICAL ANALYSIS

To evaluate the early occurrence of HCC, we included all patients who received a
complete regimen of DAA treatment and were evaluated for SVR in the analysis. Data
were analyzed using the R statistical computing environment (version 3.4) Data for
continuous variables are presented as mean and SD or as median and range, and data for
categorical variables are presented as frequency and percentage.

Differences between continuous data were analyzed by Student's t test. Chi-squared tests
with Yates' continuity correction were used for dichotomous or categorical variables.

HCC occurrence rates were evaluated by means of Kaplan-Meier estimators, and
differences among groups of patients were tested using log-rank (Mantel-Cox) tests.
Univariate and multivariate Cox regression analysis was used to identify baseline variables
such as age, sex, diagnosis of diabetes, bilirubin, aloumin, INR, platelet values, Child-
Pugh class, and SVR associated with the development of HCC.

Variables with a threshold value of <0.10 at univariate analysis were included in the
multivariate model, and variables in the final model with P <0.05 were considered
statistically significant. Results are expressed as adjusted hazard ratio (HR) with 95%

confidence interval (Cl).

RESULTS

Patient characteristics

From March 2015 to July 2016, 4,440 patients included in the RESIST-HCV database
started DAA therapy; 2,877 of them had clinical criteria for diagnosis of cirrhosis. Of these
patients, 273 (9.5%) were excluded from analysis because they had a previous diagnosis

of HCC, had received a LT or were on the LT waiting list; 138 (4.8%) patients were not
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included in the analysis because they did not have an SVR assessment; 217 (7.5%) were
excluded by analysis because they had undergone =1 US after DAA (Supplementary
Figure 1).

Analyses were performed on 2,249 consecutive adult patients with HCV cirrhosis who
completed a full course of antiviral therapy with a DAA regimen (Supplementary Table 1),
had available SVR data, and underwent US surveillance after treatment. The baseline
characteristics of patients are reported in Table 1. The mean age of patients was 65.4 yr,
and 56.9% of them were males. The most frequent HCV genotype was 1b (71.4%), and
1,267 (56.3%) patients had previously been unsuccessfully treated with IFN-based
therapy. At the start of DAA, 2,035 patients (90.5%) were classified as Child-Pugh class A
and 214 patients (9.5%) were classified as Child-Pugh class B. Among 1,562 patients with
available EGS, 808 (51.7%) had esophageal varices. Mean platelet count was 128.7
x10%L; mean albumin, bilirubin, and INR values were 3.8 g/dL, 1.1 mg/dL, and 1.1,
respectively. Only a small proportion of patients had co-infection with hepatitis B virus

(HBV; 1.4%) or human immunodeficiency virus (HIV; 2.8%).

Virological response to DAA
SVRj, was achieved in 2,140 patients (95.2%), with a significant difference between
patients in Child-Pugh class A and patients in Child-Pugh class B (95.9% vs. 88.3%

respectively, P<0.001).

Disease outcomes: One-hundred and twenty-four patients (5.5%) from this cohort
experienced liver disease complication during follow-up. Seventy-eight patients (3.4%)
received a diagnosis of HCC, 32 patients (1.4%) developed ascites, 10 patients (0.5%)

experienced EPS, and 4 patients (0.2%) had variceal bleeding.

11



HCC incidence in
HCYV cirrhosis treated with DAA V. Calvaruso et al .

Occurrence of HCC

All patients had an US scan before therapy and the exam dates recorded in the RESIST-
HCV database. The mean time between last US and the start of DAA was 5.2 mo (range,
1-36). A total of 1,564 patients (69.6%) performed the US in the last 6 mo before the start
of DAA; 580 patients (25.8%) performed US between 6 and 12 mo before the start of DAA,
105 patients (4.6%) performed US >12 mo before the start of DAA.

Seventy-eight patients (3.4%) received a diagnosis of HCC during the observation period
(mean, 14 mo; range 6-24).

The overall rate of HCC occurrence was 3% (64/2,140) in SVR patients and 12.8%
(14/109) in patients without SVR (p<0.001). By Kaplan-Meier analysis, the overall
cumulative rate of HCC at 1 yr was 2.9%, with rates of 2.6% for the 2,140 SVR patients
and 8% for the 109 patients without SVR (p<0.001 by log-rank test) (Figure 1,
Supplementary Table 2). The analysis of HCC incidence according to Child-Pugh class
and SVR status is shown in Figure 2. In Child-Pugh class A, the cumulative rates of HCC
at 1 yr were 2.1% in SVR patients and 6.6% in patients without SVR, while patients in
Child-Pugh class B who obtained SVR had a cumulative risk of developing HCC at 1 yr of
7.8% in SVR patients and 12.4% in patients who did not obtained SVR (P<0.001 by log-
rank test).

A similar rate of HCC incidence was observed in the subgroup of 1,564 patients who
performed the US control <6 mo before therapy (Supplementary Figure 2, Supplementary
Table 3). When we evaluated the subgroup of 2,035 Child-Pugh A patients, we observed a
HCC rate slightly lower than that observed for the cohort overall, however, the correlation
with SVR was maintained. (Supplementary Figure 3, Supplementary Table 4).

Seventeen patients (0.76%) died during the observation period. Of these, 4 patients were

12
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in the group of 109 patients without SVR, and 13 patients were among the 2,140 patients
who achieved SVR (P=0.008). Seven out of 78 patients (9%) who received the diagnosis
of HCC (6 for liver failure and 1 for gastrointestinal bleeding) and 10 patients (0.5%) in the
group of 2,171 patients without HCC diagnoses (1 for liver-related causes and 9 for non—
liver-related causes) died during the observation period (P<0.001).

B. Risk factors associated with HCC

We analyzed the clinical characteristics of patients who developed HCC in comparison
with patients without HCC (Table 2). Univariate Cox regression analysis showed that male
gender (HR: 1.77, P=0.02), INR (HR: 2.40, P=0.005), albumin (HR: 0.33, P<0.001) and
bilirubin values (HR 1.67, p<0.001), platelet count (HR:0.99, P<0.001), duration of DAA
regimen (HR: 1.04, P=0.02), and absence of SVR (HR: 4.02, P<0.001) were associated
with HCC. There was no correlation between the incidence of HCC and presence of
diabetes.

Multivariate Cox regression analysis showed that albumin value (HR: 0.52, CI 95%: 0.31-
0.86, P=0.01), platelet count (HR:0.99, CI 95%: 0.99-1.00, P=0.01), and absence of SVR
(HR: 2.88, CI 95%: 1.57-5.29, P=0.001) were independently associated with higher risk of
HCC development. We thus categorized the two continuous variables, albumin and
platelets, according to median value and inserted them in the multivariate model (Table 3).
Albumin <3.5 g/dL (HR, 1.77; 95% CI, 1.12-2.82; P=0.01), platelets <120 x 10%L (HR,
3.89; 95% CI, 2.11-7.15; P<0.001), and absence of SVR (HR, 3.40; 95% CI, 1.89-6.12;
P<0.001) were independently associated with an increased cumulative risk of HCC. The
area under the ROC curve of the model generated by the three variables in predicting
HCC at 12 mo was 0.714 (Supplementary Figure 4)

Cox multivariate analysis was used to assess the crude rate of HCC at the end of follow-

up among risk classes (Figure 3). The same classes of risk obtained from the multivariate
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model were used to analyze the predicted cumulative incidence of HCC (Figure 4). The
results confirmed that SVR patients with good albumin and PLT values had low risk for
development of HCC at 1 yr (0.8%). This risk increased to 2.8% in patients with both high
albumin and PLT, even without SVR. Similar risk for HCC (3%) is predicted for SVR
patients with albumin or PLT <3.5 g/dL and 120x10°/L, respectively. SVR patients with low
albumin and PLT values had predicted risk of developing HCC at 1 yr of 5.6%. Patients
without SVR and one unfavorable factor had risk of 10.2% and 18.2%, respectively.

The classes identified with albumin and PLT values also differed with respect to other
clinical features such as age, Fibroscan values, presence of EV, INR, and bilirubin values

used to confirm the progressive severity of liver disease (Supplementary Table 5).

Clinical features of HCC during observation

We assessed the interval between most recent US and initiation of DAA treatment, interval
from start of DAA to diagnosis with HCC, tumor number and size of HCC nodules,
presence of portal thrombosis and Barcelona Clinic Liver Cancer (BCLC) class in 78
patients diagnosed with HCC during the observation period (Supplementary Table 4). The
interval between the last US and the start of DAA was similar in patients who developed
HCC and those who did not develop HCC (5.4 vs. 5.2 mo). Seven patients (8%) received a
diagnosis of HCC on DAA therapy; mean time from last US to start of DAA in this group of
patients was 4.8 mo (range, 2-8). Six out of 7 patients had a single HCC nodule, and only
2 patients had tumor size >3 cm. Two patients presented with portal thrombosis at the time
of diagnosis with HCC; 5 patients were BCLC class A; 5 patients received loco-regional
therapy; 1 patient was added to the waiting list for LT. All concluded the DAA regimen and
achieved SVR after diagnosis with HCC.

The remaining 71 patients (92%) received the diagnosis of HCC after the end of DAA. In

14
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this group, the interval between US surveillance and start of DAA was 5.5 mo (range, 2-
19)

Mean interval from start of DAA exposure to HCC diagnosis was 9.8 mo (range, 2-22 mo);
this measure was similar in patients with vs. without SVR (9.2 vs. 12.0 mo; P=0.11).
Regarding the clinical pattern of HCC, patients with SVR were more likely to have a single
HCC (50/64;78% vs. 7/14;50%), P=0.009) and HCC <3 cm (37/64;58% vs. 4/14;28.6%,
P=0.07), compared with patients who did not achieve SVR. The rate of neoplastic portal
thrombosis was similar in patients with vs. without SVR (10/64; 15.6% vs. 3/14; 21.4%;
P=0.6).

At the time of HCC diagnosis, 57 patients (73%) were BCLC Stage A, 9 (11.5%) were
Stage B, and 12 (15.4%) were class C. Fifty out of 64 patients with SVR and 6 out of 14

patients without SVR were classified as BCLC stage A (78.5% vs. 42.8%, P=0.01).

DISCUSSION

Widespread availability of DAA has enormously increased the number of HCV
patients achieving SVR, including those with advanced or decompensated HCV cirrhosis.
Immediate evidence of the exceptional efficacy and tolerability of these regimens has not
allowed for the design of RCTs with untreated control groups of patients, which are
necessary to demonstrate the ultimate impact on clinical outcomes of liver disease. The
lack of RCTs may be partially addressed by the assessment of large real-life cohorts.
However, such studies may be flawed by recruitment bias, retrospective analysis, and the
inaccuracy of clinical goals scheduled at the start of treatment. In addition, the assumption
that SVR may be considered a safe surrogate marker for clinical efficacy of DAA treatment

at all stages of liver disease remains to be proven (24).
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These uncertainties have fuelled a debate on two issues: a) the risk for and
modality of HCC in cirrhotic patients treated with DAA (17-22); b) the effects of new
antiviral drugs on the risk of developing liver disease events and liver-related mortality
(15).

Given the difficulty of designing and carrying out RCTs in patients treated with DAA,
well-designed cohort studies are useful because they can be used to measure the
frequency of clinical outcomes and can provide evidence for the association between
disease outcomes and risk factors or predictive factors. RESIST-HCV is a complex model
for the management of DAA therapy, which is based on the appropriateness of diagnosis,
the effectiveness of DAA regimens and the evaluation of disease outcomes. The real-time
recording of clinical data on the web platform allows a prospective assessment of all
patients. Our analysis included only patients with diagnosis of cirrhosis based on
histological evidence of F4 METAVIR stage or on reliable clinical indexes (presence of EV,
low platelets, liver stiffness >12 kPa). The majority of patients in our cohort performed TE
before starting DAA treated, as recommended by the American Gastroenterology
Association Technical Guidelines. Therefore, a liver stiffness cut-off of 12.5 (+ 1) kPa
would correctly identify >85% of patients with liver cirrhosis (24). In about one-third of
patients, diagnosis of cirrhosis was confirmed by the presence of EV at the time of EGS
surveillance (25). Although the diagnosis of cirrhosis was based on platelet count in only
11 patients, platelet count is a validated serum test for diagnosis of advanced fibrosis or
cirrhosis (26). Mean age of our patient cohort was considerably higher than that of
previous cohorts treated with IFN-based therapy. Moreover, many patients had significant
chronic co-morbidities.

The first strength of our study was that all patients had undergone US surveillance

prior the start of DAA (mean duration, 5.2 mo), and only 4.6% of patients had US control
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>12 mo before the start of therapy. The interval between the last US and the start of DAA
was similar in patients that developed HCC and other patients. When performed according
to the guidelines, US surveillance (23) significantly reduced the risk of misdiagnosed HCC
after initiation of DAA. All patients continued US surveillance in adherence to guidelines
(23) during treatment as well as follow-up; it was therefore possible to establish the timing
of diagnosis with HCC. Finally, we followed patients with and without SVR. Laboratory
data were used to distinguish patients with Child-Pugh class A and class B cirrhosis.
These data allowed us to differentiate the risk of HCC development according to the
response to antiviral therapy and the stage of cirrhosis. Only 78 patients (3.4%) developed
HCC during mean observation of 14 mo from the start of DAA treatment; the overall
cumulative rate of HCC at 1 yr was 2.9%.

The incidence of de novo HCC was significantly different in patients with vs. without
SVR and in Child-Pugh class A vs. Child-Pugh class B patients. In addition to the SVR,
two other clinical variables were used to classify the risk of developing HCC. Patients with
albumin values >3.5 g/dL and PLT >120 x10%L have low risk of developing HCC.
Approximately 40% of patients of our cohort were in the low-risk class and showed a
predicted cumulative incidence of HCC per year <1%. On the other hand, 14.4% of SVR
patients who had a more advanced disease profile with low albumin and PLT values.
Clinical evidence of portal hypertension predicted incidence per year of comorbid HCC (up
to 7.3%).

These data indicate that in the heterogeneous population of cirrhotic patients that
achieved SVR after DAA therapy, the risk of developing HCC should be assessed in
relation to disease stage. Over 90% of the 887 patients in our cohort belonging to the
lowest risk group (SVR with normal values of albumin and PLT) had a Child-Pugh score of

5, and only 1 out of 4 had esophageal varices. These patients had predicted cumulative
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incidence of HCC per year <1%, similar to that observed in patients treated with IFN-
based therapy (27). Most studies including only patients with Child-Pugh A class cirrhosis
in patients aged <60 yr, reported a rate of HCC per 100 persons per year of 1% among
patients achieving SVR (7, 28-34). Patients included in risk groups 2 and 3 often have
portal hypertension (EV rates >50%), advanced age (mean age >65 yr), and compromised
liver function. For these reasons, they cannot be compared with patients included in
cohorts treated with IFN-based therapy. As evidenced by studies on the natural history of
cirrhosis (3,35), these patients have a greater risk of developing decompensation, HCC,
and death due to liver conditions. Our data show that SVR patients in the intermediate risk
group had a predicted cumulative incidence of HCC per year of 3.4%; this risk increased to
7.3% per year in the high-risk SVR group.

The grading of risk of developing HCC in relation to clinical stage of disease is only
partially addressed by published studies (27). In fact, previous authors have pointed out
that the incidence of HCC among patients with cirrhosis may depend on epidemiological
and clinical factors, including mechanisms for detection, schedule of HCC screening, and
timing and extent of follow-up. The only study published as a full paper (16) analyzed
patients with and without HCC before initiation of treatment with DAA. The study was
retrospective and did not indicate the time of US pre-therapy. The results of three other
studies (17,19,20) are reported in letters to the editor and therefore do not analytically
report the patient's clinical features and the methods used for data analysis. Finally, 5
studies (18,36-39) are still in the form of abstracts reported in scientific meetings, and no
analytical data are available to properly evaluate the results. However, analysis of a
retrospective cohort study of 22,500 patients treated with DAA in 129 Veterans Health
Administration hospitals in 2015 reported an annual incidence of HCC after SVR of 1.82%

in patients with diagnosis of cirrhosis, but this study did not report the stage of cirrhosis in
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patients who achieved SVR (40).

Our data conclusively show that the rate of de novo HCC was not higher than
expected, in cirrhotic patients who achieved SVR after DAA, considering the stage of
disease. We are convinced that in the coming year, hepatologists should carefully
evaluate the stage of liver disease in patients treated with DAA to avoid selection bias and
errors in evaluating the results of their studies.

Finally, we evaluated the HCC pattern. Recently, Romano et al (18) observed an
unusual HCC pattern during and after DAA. While 61% of patients developed single small
HCC nodules or 2-3 small HCC nodules, the remaining 39% were diagnosed with larger or
aggressive, often infiltrative, tumors. This unusual pattern was more frequent during rather
than after DAA treatment, in patients who did not achieve SVR. In our prospective study,
we were able to evaluate the time of the last US and the time since the start of DAA and
diagnosis of HCC, the number and the size of HCC nodules, the presence of portal
thrombosis, and BCLC class. We therefore chose to consider the start of therapy as the
starting point for observation. The 7 patients who received a diagnosis of HCC on DAA
therapy had a mean interval from last US to the start of DAA of 4.8 mo. Therefore, the risk
of failing to diagnose HCC at the start of therapy was particularly low. None of these
patients had a multinodular or aggressive HCC pattern; all obtained SVR, and six received
adequate therapy for HCC. Overall, patients with SVR were more likely to have single
HCC or HCC <3 cm, compared with patients who did not achieve SVR. Finally, patients
with SVR were more likely than patients without SVR to be classified as BCLC stage A.
Our data do not support the hypothesis that HCC that develops during DAA or early follow-
up is more aggressive and more difficult to treat with available therapies (21,22). We do
not agree with the hypothesis that profound immunological and molecular changes in the

liver microenvironment following abrupt interruption of HCV replication may increase the
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risk of early HCC (41,42).

With the availability of a broad spectrum of DAA with high efficacy and tolerability,
antiviral therapy should reach a rate of SVR close to 100%. Physicians will be able to
eradicate HCV infection in all patients, but they must be able to inform patients about the
risks for liver disease progression and complications. To give patients the correct
information, the physicians must correctly grade disease stage before starting the therapy
and suggest appropriate clinical follow-up (43).

We are aware that our study has some limitations. The main limitation was the short
follow-up after SVR. The short observation time may have amplified the difference in the
number of events in different classes of cirrhosis. Patients without SVR patients may be
those with more advanced liver disease, who have greater likelihood of developing HCC.
Therefore, longer follow-up is required to evaluate the risk for HCC, especially in patients
with portal hypertension or co-morbidities such as diabetes or metabolic syndrome.
However, we believe that the observation period used for this study was adequate to
demonstrate that the risk of developing HCC does not increase during early follow-up after
HCV clearance.

One other limitation of this study is the potential heterogeneity among clinical
centers participating in RESIST, in terms of competence in the diagnosis of HCC. We
believe this limitation has been overcome through the application of radiological or
histological guidelines for the diagnosis of HCC and through adequate monitoring.
Moreover, moderate heterogeneity is an intrinsic characteristic of all studies that include a
high number of centers.

In conclusion, our prospective observational study confirms that the early benefit of
viral eradication in HCV cirrhosis persists throughout all stages of cirrhosis. The

occurrence of HCC is significantly reduced in patients with compensated cirrhosis without
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signs of portal hypertension and normal liver function. In patients with advanced disease,
eradication of HCV infection reduces the risk of developing HCC. Long-term observation of
our cohort and of other similar groups of treated patients will determine the ultimate
treatment benefit. Meanwhile, DAA treatment must be guaranteed to all patients with
cirrhosis at any functional stage, considering the residual and unavoidable risk of HCC

after viral eradication.
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Legend of figures

Figure 1. Overall cumulative rate of HCC according with SVR status. (p < 0.001 by log-
rank test).

Figure 2. Analysis of HCC incidence according with Child-Pugh class and SVR status.
Figure 3: The crude rate of HCC at the end of follow up in different classes of risk

Figure 4. The predicted cumulative incidence of HCC in the classes of risk by the

multivariate model.
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Variables

2,249 patients

Age (years, mean, SD)

65.4 +10.7

BMI (mean, SD)

26.0+4.6

Gender ( males, %)

1,280 (56.9%)

ALT (IU/L, mean, SD) 89.0 £59.7
Platelets (x 10%/L) 128.7 +64.7
INR (mean, SD) 1.1.£0.2
Bilirubin (mg/dL, mean,SD) 1.1+0.6
Albumin (g/dL, mean, SD) 3.8£0.5
HCV genotypes 1b 1,606 (71.4)
la 191 (8.5)
2 202 (9.0)
3 154 (6.8)
4 91 (4.0)
other 5(0.2)
Criteria for diagnosis of cirrhosis (%):
- Transient Elastography = 12 kPa 1,366 (60.7)
- Esophageal Varices at EGS 808 (35.6)
- METAVIR stage 4 fibrosis at liver biopsy 64 (2.8)
- PLT < 100 x 10%/L. 11 (0.5)
TE values (kPa, mean, SD) 224 +119
Child-Pugh score A 2,035 (90.5)
B 214 (9.5)
Presence of esophageal varices* (%) 808/1,562 (51.7)
Months from US to DAASs start (mean, range) 5.1 (1-36)
Diabetes (%) 672 (29.9)
Previous IFN-based therapy
* Naive (%) 982 (43.7)
» Experienced (%) 1,267 (56.3)

* 1,562 patients with endoscopy

Table 1: Baseline clinical and virological features of 2,249 patients with HCV cirrhosis

treated with DAAS




Univariate Cox’s regression

Multivariate
Cox’s regression

No HCC HCC HR (95% CI) p Adjusted HR p
(2,171 pts) | (78 pts) (95%ClI)
Age (years) 65.3+104 | 66.2% 1.01 0.99- 0.35
10.6 1.03
Gender (male) 1,225 55 (70.5) 1.77 1.09- |0.022 | 1.49 091- | 0.11
(56.4) 2.88 2.44
BMI 26.0+£3.9 26.1+ 1.00 0.95 0.90
3.9 1.06
Diabetes (%) 650 (29.9) | 22 (28.2) 0.94 0.58 - 0.81
1.54
INR 11+02 | 1.2+0.2 240 1.31- 0.005 | 1.37 0.55- | 0.49
4.39 3.41
Bilirubin 1.0+0.7 | 1.4+0.9 1.67 1.36 - <0.00 | 1.25 0.97- | 0.08
(mg/dl) 2.05 1 1.62
Albumin (g/dl): 38+06 | 35+0.6 0.33 0.21- <0.00 | 0.52 0.31- | 0.010
0.52 1 0.86
Platelets (x 129.9 + 939+ 0.99 0.98- |<0.00| 0.99 0.98 - | 0.011
10%) 72.3 66.6 0.99 1 0.99
Weeks of 17.2+6.0 19.2 + 1.04 1.01- |0.022| 1.02 0.98- | 0.38
therapy 5.8 1.08 1.06
No SVR 12 (%) 95 (4.4) 14 (17.9) 402 225- |<0.00| 2.88 1.57 - | 0.001
7.17 1 5.29

Table 2. Risk factors for HCC occurrence by Cox multivariate model




Multivariate Cox’s regression

HR | HR (95% CI) p

Albumin (mg/dl): > 3.5
<35 1.77 1.12-2.82 0.015

Platelets (x10%/dL) =120
<120 3.97 2.23-7.09 <0.001

SVR 12
No SVR 12 3.40 1.89-6.12 <0.001

Table 3. Risk factors for HCC occurrence by Cox multivariate model
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Genotype Genotype Genotype | Genotype | Genotype
la 1b 2 3 4
(191 pts) (1,606 pts) (202 pts) (154 pts) (91 pts)

SOF+RBV 12 wks 1 3 115
SOF+RBV 24 wks 2 10 44 24 1
SOF/LDV 12 wks 10 66 1
SOF/LDV+RBV 12 wks 32 141 10
SOF/LDV 24 wks 45 446 33
SOF/LDV+RBV 24 wks 9 38 2
SOF/SIM 12 wks 6 52 3
SOF/SIM+RBV 12 wks 26 249 10
SOF/SIM24 wks - 3
SOF/SIM+RBYV 24 wks - 2
SOF+DCV 12 wks - 7 40 6 3
SOF/DCV+RBV 12 wks 6 48 1 6
SOF/DCV 24 wks 19 82 3 57 6
SOF/DCV+RBV 24 wks 1 30 66
OBV/PTV/r/DSV 12 wks 3 169
OBV/PTV/r/IDSV + RBV12 wks 12 265
OBV/PTV/r/DSV 24 wks 2 3
OBV/PTV/r/IDSV + RBV 24 wks 17 1
OBV/PTVIr + RBV 12 wks - - 5
OBV/PTV/r + RBV 24 wks - - 13

Supplementary table 1. DAA regimens received by patients




Supplementary table 2: Cumulative incidence of HCC by Kaplan-Meier analysis

Overall (2,249 patients)

SVR (2,140 patients)

No SVR (109 patients)

Time Number | Cumulative | rate | Number | Cumulative | rate | Number | Cumulative | rate
(months) | patients events patients events patients events
at risk at risk at risk
6 2,218 24 1.1% | 2,111 21 1.0% 107 3 2.8
12 1,625 59 2.9% | 1,545 51 2.6 % 80 8 8.0
18 542 74 4.7% 503 61 3.8% 39 13 18.1
24 8 78 7.4% 8 64 6.1 % 0 14 23.2




Overall (1,564 patients)

SVR (1,485 patients)

No SVR (79 patients)

Time Number | Cumulative | rate | Number | Cumulative | rate | Number | Cumulative | rate
(Months) | patients events patients events patients events
at risk at risk at risk

0 1564 0 0 1485 0 0 79 0 0

6 1543 15 1.0% | 1465 13 0.9% 78 2 2.5%
12 1113 35 2.4% | 1057 28 2.0% 56 7 9.7%
18 374 46 4.5% 349 34 3.1% 25 12 24.7%
24 5 50 8.2% 0 37 6.4% 0 13 31.0%

Supplementary table 3: Cumulative incidence of HCC by Kaplan-Meier analysis in 1,564

patients with US control performed within 6 months before the start of DAAs.




Overall (2,035 patients)

SVR (1,951 patients)

No SVR (84 patients)

Time Number | Cumulative | rate | Number | Cumulative | rate | Number | Cumulative | rate
(Months) | patients events patients events patients events
at risk at risk at risk

0 2035 0 0 1951 0 0 84 0 0

6 2009 15 0.7% | 1927 14 0.7 82 1 1.2%
12 1475 42 2.3% | 1413 37 2.1% 62 5 6.6%
18 489 51 3.5% 461 45 3.2% 28 6 9.4%
24 8 55 6.4% 8 48 5.7% 0 7 17.6%

Supplementary table 4: Cumulative incidence of HCC by Kaplan-Meier analysis in 2,035
patients with Child Pugh A cirrhosis




Response to Class of risk Number Age Liver Stiffness | Patients  with Albumin Bilirubin INR Platelet
DAAs of patients (year; by fibroscan (*) EV (** (g/dL;mean, (mg/dL; (mean, SD) (x 10°/L;mean,
(%) mean, SD) (kPa; mean; (number, %) SD mean, SD) SD)
SD)
Alb + PLT+ 887 (39.4) | 64.6 £10.8 19.0+9.2 182/492 (36.9) 4.02+0.32 0.88 £0.51 1.05+0.10 178.6+ 53.5
SVR Alb + or PLT + | 929 (40.5) | 65.6 +10.2 24.8+12.8 388/721 (53.8) 3.81+0.42 1.09 +0.56 1.12+0.21 100.3+45.0
(2,140; 95.2%) | Alb - PLT - 324 (14.5) | 67.8£10.2 26.7£12.4 210/297 (70.8) 3.15+£0.25 1.37+0.70 1.21+0.29 75.5+ 245
Alb + PLT+ 40 (1.6) 61.6 £12.2 21.6 +8.3 10/24 (41.6) 3.91+0.32 1.06 +0.71 1.02+0.14 204.2 £103.0
No SVR Alb + or PLT + 41 (1.9) 63.2 £12.6 32.8+£16.2 19/30 (62.5) 3.82 £ 0.47 1.36 £0.77 1.13+0.28 84.2+ 54.1
(109; 4.8%) | Alb - PLT - 32 (1.3) 64.6 £10.5 28.7£14.4 19/25 (75) 3.00+£0.21 1.80+1.10 1.26 +0.32 62.2+22.2

Supplementary table 5: Clinical features of patient’s classes with different risk to develop HCC
(*) The Liver Stiffness by fibroscan was performed in 1,695 patients
(**) The EGS was performed in 1,484 patients




Supplementary figure 1. The flow-chart of the RESIST — HCV cohort

Supplementary figure 2. Overall cumulative rate of HCC according with SVR status in
1,564 patients with an US performed within 6 months before therapy. (p < 0.001 by log-
rank test).

Supplementary figure 3. Overall cumulative rate of HCC according with SVR status. (p
< 0.001 by log-rank test) in the 2035 patients with Child-Pugh score A.

Supplementary figure 4. Area under the ROC of of prediction of HCC in DAA treated

patients with cirrhosis



between March 2015 and July 2016

2,877 patients with cirrhosis
who started DAAs

273 patients excluded
> * 185 with previous HCC

355 patients not evaluated

21 death (4 liver related and

17 liver unrelated)

19 stopped therapy for AEs

30 drop-outs

68 no SVR data available

217 no US after DAAs

* 55 with previous OLT
* 33 on waiting list for OLT

\4

2,249 patients
evaluated for HCC occurrence
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