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BaCKgRoUND aND aIMS: Survival data among patients 
with hepatitis C virus (HCV)-related hepatocellular carcinoma 
(HCC) after achieving sustained virologic response (SVR) 
with interferon-free direct-acting antivirals (DAAs) in both 
Asian and western countries are limited. Survival rates were 
compared between patients with HCV-related HCC who 
were untreated for HCV and those who achieved SVR.

appRoaCH aND ReSUltS: Using data from two U.S. 
and six Asian centers from 2005 to 2017, we categorized 
1,676 patients who were mono-infected with HCV-related 
HCC into patients untreated for HCV (untreated group) and 
DAA-treated patients with SVR (SVR group) and matched by 
propensity score matching (PSM); multivariable Cox regres-
sion with HCV treatment status as a time-varying covariate 
was used to determine mortality risk and landmark analysis 
to avoid immortal time bias. There were 1,239 untreated pa-
tients and 437 patients with SVR. After PSM, background 
risks of the 321 pairs of matched patients were balanced (all 
P  >  0.05). After time-varying adjustment for HCV treatment 
initiation compared with untreated patients, patients with SVR 
had significantly higher 5-year overall survival (87.78% vs. 
66.05%, P  <  0.001). Multivariable Cox regression showed that 

SVR was independently associated with a 63% lower risk of 
5-year all-cause mortality (hazard ratio [HR], 0.37; 95% confi-
dence interval [CI], 0.16-0.83; P  =  0.016) and 66% lower risk 
of 5-year liver-related mortality (HR, 0.34; 95% CI, 0.13-0.88; 
P  =  0.026) with similar trends after removing patients with liver 
transplants. Landmark analysis at 90, 180, and 360 days showed 
consistent results (HRs ranged 0.22 to 0.44, all P  <  0.05).

CoNClUSIoN: In this multinational consortium, patients 
with HCV-related HCC who obtained SVR achieved a 60%-
70% improvement in 5-year survival (both all-cause and liver 
related) compared with patients untreated for HCV. Patients 
eligible for HCC therapy should also be considered for DAA 
therapy. (Hepatology 2020;71:1910-1922).

Hepatitis C virus (HCV) affects 71.1 million 
patients worldwide, including 3.2  million 
infected persons in the United States and 

10.5 million infected persons in East Asia.(1,2) HCV 
is also a leading cause of chronic liver disease and 
hepatocellular carcinoma (HCC) in the United States 
and globally.(3,4) In 2015, there were 854,000 incident 
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response.
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HCC cases worldwide.(5) In the United States, the 
HCV-related HCC burden has also increased between 
1990 and 2015.(6)

Unfortunately, despite technological and therapeu-
tic advances, HCC is one of the few cancers with an 
increasing incidence and a dismal 5-year survival rate 
of only 18.1%, according to a 2017 report.(7) Indeed, 
recent advances in systemic palliative therapies for 
HCC reported only a modest survival advantage from 
palliative treatment, with a median overall survival 
(OS) of about 10-13 months in treated patients com-
pared with 7-8 months in placebo groups.(8)

As a result, efforts geared toward prevention have 
been identified as the most effective method to reverse 
this increasing trend. The Global Burden of Disease 
Liver Cancer Collaboration stated that most cases of 
liver cancer can be prevented through various thera-
pies, including antiviral treatment for HCC associated 
with viral diseases.(6) For HCV, the recent advent of 
interferon (IFN)-free direct-acting antivirals (DAAs) 
has introduced highly effective (>80%-90% cure rate) 
and well-tolerated treatment, even for patients with 

advanced liver disease, including HCC.(9-14) It has been 
shown to reduce HCC risk and does not increase the 
risk of HCC recurrence.(11,15-17) Furthermore, HCV 
cure with DAA therapies is associated with improved 
survival to include those with advanced disease, such 
as cirrhosis.(18,19) Recently, investigators reported 
that patients with HCV-induced cirrhosis who had 
been successfully treated for HCC in its early stages 
obtained a significant improvement in their OS fol-
lowing treatment with the new DAA treatment regi-
mens.(20) However, with a cohort of 163 patients who 
achieved sustained virological response (SVR) that 
only included those with early stages of HCC, the 
question remains how treatment with DAAs affects 
survival in a multinational group of patients with 
HCV at all different stages of HCC who received 
either curative or palliative treatment for their HCC. 
Therefore, the purpose of this study was to determine 
the effect of DAA treatment on overall and liver-re-
lated mortality among persons with HCV and HCC 
who received either palliative or curative HCC treat-
ment using data from Asia and North America.
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Patients and Methods
StUDy DeSIgN aND patIeNt 
popUlatIoN

This was a retrospective cohort study of patients 
with HCV-related HCC seen at eight medical centers 
in the United States, Japan, South Korea, and Taiwan 
between 2005 and 2017 (Supporting Appendix S1). 
The study protocol was approved by the Institutional 
Review Board at each site.

Patients were identified through institutional data-
bases with subsequent individual chart review for rel-
evant clinical, laboratory, pathology, pharmacy, and 
imaging data. We included patients who were con-
firmed to have HCV infection and HCC. Patients 
were excluded if they were under 18 years of age, were 
coinfected with human immunodeficiency or hepati-
tis B virus, achieved HCV cure through SVR more 
than 6 months before HCC diagnosis, did not receive 
treatment for HCC, or had non-HCC cancers.

Patients were categorized into two groups: (1) the 
untreated for HCV group, who were patients with HCC 
who had never received antiviral therapy for HCV, and 
(2) the SVR group, who were patients with HCC who 
achieved SVR with IFN-free DAAs after HCC diag-
nosis. All mortality-related data were obtained from 
medical record review and were supplemented by a 
National Death Index query for U.S. patients.

To balance the two study groups (patients untreated 
for HCV and patients with SVR), propensity score 
matching (PSM), including age, sex, study country/ 
region (United States vs. Asia), cirrhosis status, 
alpha-fetoprotein (AFP), albumin-bilirubin (ALBI) 
score, HCV treatment status, Milan criteria eligibility, 
and HCC treatment, was performed. It is important to 
note that we chose to use Milan criteria for PSM as it 
is a clinically meaningful indicator for tumor burden 
and allows for better matching than size or number 
of tumors alone because of arbitrary set points.(21) We 
also matched on the ALBI score rather than Child-
Turcotte-Pugh (CTP) score, as it is now recognized 
as providing better prognostic performance in survival 
analysis.(22)

DeFINItIoNS
HCV diagnoses were determined by positive 

HCV RNA PCR or HCV antibody tests, a history 

of anti-HCV therapy, or a documented history of 
HCV from physicians’ notes. Cirrhosis diagnoses 
were determined by the presence of fibrosis stage 
4, nodular contour, ascites, encephalopathy, spleno-
megaly, esophageal varices, other varices, or platelets 
<120,000/mL in either physician notes, laboratory 
records, radiology reports, endoscopy, or pathology 
reports. HCC diagnoses were confirmed through 
radiology or pathology reports based on the American 
Association for the Study of Liver Diseases diagnosis 
guidelines.(23) SVR was determined by the confirma-
tion of undetectable HCV RNA (limit of detection 
of 25 IU/mL) 12 weeks after the treatment end date. 
HCC treatment groups included the curative group 
(liver transplant, surgical resection, or radiofrequency 
ablation with curative intent) and palliative group 
(transarterial chemoembolization or sorafenib).

StatIStICal aNalySIS
Descriptive statistics were reported as proportions 

(%) for categorical variables and mean ± SD or median 
(interquartile ranges [IQRs]) for continuous variables. 
Analyses of normally distributed continuous variables 
were performed using Student t tests. Analyses of 
non-normally distributed continuous variables were 
performed using the Kruskal-Wallis test. The chi-
squared test was performed for the comparison of 
normally distributed categorical variables, whereas 
Fischer’s exact test was used for non-normally distrib-
uted categorical variables.

In PSM analysis, we used logistic regression to 
estimate the probability of a patient to be in the 
SVR group and generated a propensity score for each 
patient. Caliper matching on the propensity score was 
performed, and pairs were matched to within a range 
of 0.25 of the standard deviation of the logit of the 
propensity score. To avoid bias because of no HCC 
treatment, patients who did not receive treatment for 
HCC were not included before PSM.

We assigned DAA treatment as a time-varying 
covariate by setting the period between the HCC 
diagnosis date and DAA treatment initiation date as 
the unexposed period and the period after DAA treat-
ment initiation date as the exposed period. Follow-up 
periods were defined by the date of HCC diagno-
sis until the date of death, date of last follow-up, or 
study end date of each study site, whichever came first  
(Fig. 1B). Person-years of follow-up were calculated by 
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multiplying the number of patients by the mean follow- 
up period. Mortality rates were reported as rates 
per 1,000 person-years and annual incidence rates. 

We used Kaplan-Meier methods with time-varying 
adjustment to assess the 5-year cumulative survival 
and log-rank tests to compare between group survival 

FIg. 1. (A) Flow chart of patient selection in study analysis; (B) SVR cohort entry of propensity score-matched patients with time-
varying adjustment for HCV treatment status. *Propensity score matched on the following variables: age, sex, study country (United States 
vs. Asia), cirrhosis status, ALBI, HCV treatment status, Milan criteria eligibility, HCC treatment, and AFP. CHB, chronic hepatitis B; 
HIV, human immunodeficiency virus.
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rates. Survival rates were further stratified by age, 
CTP class, Barcelona Clinic Liver Cancer (BCLC) 
stage, and type of HCC treatment.

We performed univariable and multivariable Cox 
proportional hazards regression to estimate the hazard 
ratios (HRs) and 95% confidence intervals (CIs), relat-
ing background characteristics and HCV treatment 
status to survival outcomes. The selection of variables 
in the multivariable model was based on previous clin-
ical and research experience. When checking for inter-
actions, a significant interaction between BCLC stage 
and age was found. We incorporated the interaction 
term into the model. Cox-Snell residuals were plotted 
to examine the fitness of the model. The proportion-
ality assumption was not violated. To address various 
potential biases inherent in observational study design, 
we performed several sensitivity analyses, including 
landmark analysis, exclusion of non-liver-related death, 
full cohort (before PSM) analysis, and estimation of E 
value. First, to mitigate the immortal and indication 
bias, we performed landmark analyses at 90, 120, 180, 
250, and 360 days. Second, we excluded all patients 
with non-liver-related deaths, considering potential 
bias because of cause of death. Third, we evaluated the 
association between DAA-induced SVR in the over-
all cohort (1,239 patients untreated for HCV and 437 
patients with SVR). Last, to determine the potential 
confounding from unmeasured factors, we estimated the 
E value, which represents the smallest effect between 
an unmeasured confounder and both exposure (SVR) 
and outcome (mortality) to explain away their observed 
association. The higher the E value, the lower the pos-
sibility of an unmeasured confounder. All data analyses 
were performed using Stata (V.14.2), and statistical sig-
nificance was defined as a two-sided P value of <0.05.

Results
BaSelINe, tUMoR, aND CaNCeR 
tReatMeNt CHaRaCteRIStICS 
IN oVeRall CoHoRt

We included 2,196 adult patients with HCV and 
HCC diagnoses (untreated for HCV: 1,685; and IFN-
free DAAs, both SVR and non-SVR: 511) in this 
study (Fig. 1A). After excluding patients who were 
ineligible, 1,676 patients (untreated: 1,239; SVR: 437) 
were analyzed for baseline and tumor characteristics.

The baseline demographic characteristics of the 
two study groups were similar, but several liver-related  
characteristics, including albumin, total bilirubin, 
CTP, Model for End-Stage Liver Disease (MELD), 
hepatic decompensation, and ALBI, were significantly 
different (Supporting Table S1). The median time to 
DAA treatment from HCC diagnosis was 18 months 
(range: 6-43 months).

Supporting Table S2 displays HCC tumor charac-
teristics. Compared with patients with SVR, untreated 
patients had higher AFP levels, larger tumor sizes, a 
greater proportion with metastases or multiple tumors 
(four or more), and a lower proportion meeting 
Milan criteria for transplantation or receiving curative 
treatment.

BaSelINe aND tUMoR 
CHaRaCteRIStICS oF 
pRopeNSIty SCoRe-MatCHeD 
patIeNtS

After PSM, the baseline and tumor characteristics 
of the 321 pairs of matched patients from the two 
study groups (321 untreated for HCV and 321 SVR) 
were similar (Table 1). The average age was 66 years, 
and over 60% were male. The majority had cirrhosis 
(80%), were CTP class A (68%), and received curative 
treatment (70%).

DeatH INCIDeNCe aND oS
Table 2A displays the all-cause mortality rates 

between the two PSM study groups after adjustment 
for the HCV treatment start date in the SVR group. 
The annual incidence of mortality for the untreated 
group was 7.70% (95% CI: 6.40-9.27) versus 2.38% 
(95% CI: 1.28-4.43) for the SVR group. The median 
survival (IQR) for the SVR group was 44.32 (26.43-
71.18) months, about 18 months longer than the 
median of the untreated group (26.09 [15.29-50.60] 
months). Among those receiving only palliative treat-
ment for HCC, the median survival (IQR) for the 
SVR group was approximately 8 months longer than 
those of untreated patients (27.39 [16.01-53.57] vs. 
19.66 [11.51-36.10]). Table 2B displays the liver- 
related mortality rates. The annual incidence of liver- 
related mortality for the untreated group was 7.02% 
(95% CI: 5.76-8.57) compared with 1.46% (95% CI: 
0.66-3.25) for the SVR group. As noted in Fig. 2A, 
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taBle 1. Baseline and tumor Characteristics of propensity Score-Matched patients

Characteristics Untreated for HCV (n = 321) SVR (n = 321) P Value

Age 65.92 ± 9.13 66.39 ± 9.09 0.52

Male 194 (60.44) 197 (61.37) 0.81

Body mass index (kg/m2) (n = 533) 24.59 ± 4.41 24.87 ± 5.06 0.50

Race/Ethnicity

Non-Asian 108 (33.64) 100 (31.15) 0.50

Asian 213 (66.36) 221 (68.85)

Country

United States 139 (43.30) 130 (40.50) 0.47

Asia 182 (56.70) 191 (59.50)

Median follow-up (months) 26.09 (15.29-50.60) 44.32 (26.43-71.18) <0.001

Diabetes mellitus (n = 612) 80 (26.58) 98 (31.51) 0.18

AFP (log10 ng/mL) 1.35 ± 0.86 1.39 ± 0.74 0.61

CTP class (n = 494)

A 167 (68.44) 168 (67.20) 0.79

B 66 (27.05) 73 (29.20)

C 11 (4.51) 9 (3.60)

Median MELD score (n = 491) 8.41 (6.87-10.64) 8.47 (7.34-10.71) 0.26

ALBI grade

1 100 (31.15) 102 (31.78) 0.91

2 191 (59.50) 192 (59.81)

3 30 (9.35) 27 (8.41)

Cirrhosis 265 (82.55) 262 (81.62) 0.76

BCLC stage (n = 588)

0/A 209 (72.57) 239 (79.67) 0.13

B 45 (15.62) 35 (11.67)

C/D 34 (11.81) 26 (8.67)

Milan 248 (77.26) 259 (80.69) 0.29

HCC treatment

Palliative treatment* 97 (30.22) 92 (28.66) 0.67

Curative treatment† 224 (69.78) 229 (71.34)

Time between HCC diagnosis and DAA treatment initiation (months) — 18.90 (5.98-46.75)

Note: Continuous variables are presented as mean ± SD or median (IQR) and categorical variables are presented as n (%). Patients were 
propensity score matched using the caliper method on the following variables: age, sex, study country (United States vs. Asia), cirrhosis 
status, ALBI, HCV treatment status, Milan criteria eligibility, HCC treatment, and AFP.
*Palliative treatment: transarterial chemoembolization or sorafenib.
†Curative treatment: liver transplant, surgical resection, or radiofrequency ablation with curative intent.

taBle 2. Mortality Rates in propensity Score-Matched patients Who Were Untreated for HCV or Had SVR after IFN-Free 
Daa treatment, With time-Varying adjustment for HCV treatment Start time

HCV Treatment Group Person-Years Death (n) Rate per 1,000 Person-Years Annual Incidence (%)

A. All-Cause Mortality

Untreated for HCV 1,454.77 112 76.99 7.70 (6.40-9.27)

SVR 419.74 10 23.82 2.38 (1.28-4.43)

B. Liver-Related Mortality

Untreated for HCV 1,381.30 97 70.22 7.02 (5.76-8.57)

SVR 410.33 6 14.62 1.46 (0.66-3.25)
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there was a significant difference in 5-year survival for 
all-cause mortality between the untreated and SVR 
groups (P = 0.0001). By year 5, 87.78% of the patients 
with SVR were still alive compared with only 66.05% 
of the untreated PSM group. Similar results were 
observed for the SVR and untreated groups when 
assessing liver-related mortality (90.90% vs. 68.76%, 

P < 0.0001; Fig. 2B). In liver-related mortality analy-
sis (Supporting Table S3), untreated patients had sig-
nificantly lower survival rates compared with patients 
with SVR in all age, cirrhosis/CTP, BCLC, and HCC 
treatment subgroups, except for the very young group 
(<50 years old), the noncirrhotic group (or CTP C), 
and the BCLC B and C/D groups. However, the 

FIg. 2. Five-year survival in propensity score-matched patients who were untreated for HCV or had SVR after IFN-free DAA treatment, 
with time-varying adjustment for HCV treatment start time. (A) All-cause mortality; (B) liver-related mortality.
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sample sizes in all these latter subgroups were very 
small (patient numbers ranged 9-59). Similar findings 
were noted in subgroup analyses for all-cause mortal-
ity (Supporting Table S3).

pReDICtoRS FoR all-CaUSe 
aND lIVeR-RelateD MoRtalIty 
aMoNg pSM gRoUpS

all-Cause Mortality
As shown in Table 3, SVR was associated with a 71% 

reduction in all-cause mortality in unadjusted analy-
sis (HR, 0.29; 95% CI: 0.15-0.55; P  <  0.001). After 

adjusting for age, sex, race/ethnicity, study country/ 
region, diabetes, cirrhosis, MELD scores, HCC diag-
nosis year, AFP, BCLC stage, and HCC treatment 
types in the multivariable Cox model, SVR remained 
significantly and strongly associated with decreased all-
cause mortality (adjusted HR, 0.37; 95% CI, 0.16-0.83; 
P = 0.016). Other factors significantly associated with 
all-cause mortality in multivariable analysis were older 
age, male sex, Asian ethnicity, higher MELD score, 
higher AFP levels, higher BCLC stages, and curative 
HCC treatment (vs. palliative) but not study country/
region (United States vs. Asia). The E value for SVR as 
a predictor of all-cause mortality was at 3.37 (lower 95% 
CI: 1.53), suggesting that the presence of unmeasured 

taBle 3. Multivariable analysis for predictors of all-Cause Mortality in propensity Score-Matched patients

Type of Mortality Unadjusted HR (95% CI) P Value Adjusted HR* (95% CI) P Value

HCV treatment status

Untreated for HCV Referent Referent Referent Referent

SVR 0.29 (0.15-0.55) <0.001 0.37 (0.16-0.83) 0.016

Age (per 5-year interval) 0.97 (0.88-1.06) 0.50 1.31 (1.14-1.51) <0.001

Sex

Female Referent Referent Referent Referent

Male 1.34 (0.92-1.95) 0.13 1.75 (1.11-2.76) 0.016

Race/ethnicity

Non-Asian Referent Referent Referent Referent

Asian 0.41 (0.29-0.59) <0.001 0.26 (0.12-0.57) 0.001

Diabetes mellitus 0.79 (0.52-1.22) 0.30 0.72 (0.45-1.14) 0.16

Cirrhosis 2.06 (1.11-3.83) 0.022 1.59 (0.74-3.41) 0.23

MELD score

<10 Referent Referent Referent Referent

10-15 0.96 (0.59-1.56) 0.88 0.78 (0.46-1.33) 0.36

≥15 2.52 (1.45-4.39) 0.001 2.72 (1.34-5.49) 0.005

HCC diagnosis year

2005-2008 Referent Referent Referent Referent

2009-2013 0.79 (0.54-1.15) 0.21 0.82 (0.53-1.28) 0.39

2014-2017 0.30 (0.16-0.58) <0.001 0.51 (0.22-1.21) 0.13

AFP (log10 ng/mL) 1.39 (1.13-1.71) 0.002 1.49 (1.19-1.87) <0.001

BCLC stage

0/A Referent Referent Referent Referent

B 3.10 (1.98-4.85) <0.001 2.45 (1.49-4.05) <0.001

C/D 3.49 (2.12-5.73) <0.001 2.20 (1.22-3.97) 0.009

HCC treatment type

Palliative Referent Referent Referent Referent

Curative 0.47 (0.32-0.68) <0.001 0.47 (0.30-0.73) 0.001

Country/region

United States Referent Referent Referent Referent

Asia 0.44 (0.31-0.63) <0.001 1.61 (0.75-3.48) 0.22

Notes: E value for SVR as a predictor for all-cause mortality: 3.366, (CI) 1.534. The values in bold-face represent significant predictors 
for all-cause mortality.
*Adjusted for age, sex, race/ethnicity, study country/region, diabetes, cirrhosis, MELD scores, HCC diagnosis year, AFP, BCLC stage, and 
HCC treatment types.
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confounders in the above models was also very unlikely 
because the confounders would need to be significantly 
associated with both SVR and mortality with a high 
strength of association with HR of 3.4.

liver-Related Mortality
Similar results were noted in the univariable and 

multivariable Cox proportional hazard model for liver- 
related mortality (Table 4). We found that there was 
an interaction between BCLC stage and age in this 
analysis, so this variation was subsequently adjusted 

for in the model as shown. The E value for SVR as 
a predictor of liver-related mortality was 3.60 (lower 
95% CI: 1.41).

Sensitivity analyses
To account for immortal and indication bias, we 

conducted landmark analyses examining the impact 
of SVR on mortality at 90, 120, 180, 250, and  
360 days (Supporting Table S4). As shown, regard-
less of the length of time from the initiation of DAA 
therapy, multivariable Cox regression adjusting for the 

taBle 4. Multivariable analysis for predictors of liver-Related Mortality in propensity Score-Matched patients

Type of Mortality Unadjusted HR (95% CI) P Value Adjusted HR*,† (95% CI) P Value

HCV treatment status

Untreated for HCV Referent Referent Referent Referent

SVR 0.19 (0.08-0.44) <0.001 0.34 (0.13-0.88) 0.026

Age (per 5-year interval) 0.96 (0.87-1.07) 0.47 1.25 (1.05-1.48) 0.014

Sex

Female Referent Referent Referent Referent

Male 1.30 (0.86-1.95) 0.21 1.64 (0.99-2.71) 0.054

Race/ethnicity

Non-Asian Referent Referent Referent Referent

Asian 0.36 (0.25-0.54) <0.001 0.22 (0.10-0.51) <0.001

Diabetes mellitus 0.87 (0.55-1.36) 0.54 0.84 (0.51-1.37) 0.48

Cirrhosis 2.79 (1.30-6.02) 0.009 1.65 (0.68-3.96) 0.27

MELD score

<10 Referent Referent Referent Referent

10-15 0.99 (0.59-1.67) 0.98 0.67 (0.38-1.21) 0.18

≥15 2.39 (1.26-4.53) 0.008 3.02 (1.39-6.56) 0.005

HCC diagnosis year

2005-2008 Referent Referent Referent Referent

2009-2013 0.82 (0.55-1.23) 0.34 0.75 (0.47-1.19) 0.22

2014-2017 0.18 (0.08-0.43) <0.001 0.31 (0.11-0.87) 0.026

AFP (log10 ng/mL) 1.48 (1.19-1.84) <0.001 1.54 (1.21-1.95) <0.001

BCLC stage

0/A Referent Referent Referent Referent

B 3.46 (2.15-5.58) <0.001 2.74 (0.24-31.44) 0.42

C/D 3.10 (1.75-5.51) <0.001 0.13 (0.01-1.96) 0.14

HCC treatment type

Palliative Referent Referent Referent Referent

Curative 0.42 (0.28-0.63) <0.001 0.44 (0.27-0.71) 0.001

Country

United States Referent Referent Referent Referent

Asia 0.39 (0.26-0.58) <0.001 1.63 (0.69-3.82) 0.26

Notes: E value for SVR treatment as a predictor for liver-related mortality: 3.603, (CI) 1.411. The values in bold-face represent significant 
predictors for liver-related mortality.
*Adjusted for age, sex, race/ethnicity, study country/region, diabetes, cirrhosis, MELD scores, HCC diagnosis year, AFP, BCLC stage, and 
HCC treatment types.
†Model for liver-related mortality also adjusted for with a significant interaction for BCLC stage and age (per 5-year interval).
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same confounders in the main analysis (Tables 3 and 
4) showed similar adjusted HRs, which ranged from 
0.22 to 0.44 (all P < 0.05) for both all-cause and liver- 
related mortality. Because of the potential positive 
effects that liver transplantation can have on sur-
vival, we conducted a sensitivity analysis after remov-
ing patients who underwent a liver transplantation 
(n = 89) from the original cohort. After the exclusion, 
we used PSM to re-match the patients by the same 
variables and yielded 273 patients per group. As noted 
in Supporting Table S5, the protective effect of SVR 
was noted for all-cause mortality (adjusted HR, 0.40; 
95% CI, 0.17-0.95; P  =  0.036), and there was also a 
trend for a protective effect with liver-related mortal-
ity [adjusted HR, 0.43 (0.16-1.15); P  =  0.094] after 
controlling for the same confounders in the main anal-
ysis. The E values for both models were 3.158 (lower 
95% CI, 1.258) and 2.972 (lower 95% CI, 1.000), 
respectively.

Furthermore, as noted in Supporting Table S6, 
the protective effect of SVR was also significant 
and strong in the overall unmatched cohort (1,239 
untreated patients and 437 patients with SVR) for 
both all-cause (adjusted HR, 0.29; 95% CI, 0.17-0.49; 
P  <  0.001) and liver-related mortality (adjusted HR, 
0.18; 95% CI, 0.08-0.37; P < 0.001) after controlling 
for the same confounders in the main analysis. The 
E values for both models were 4.08 (lower 95% CI, 
2.65) and 5.77 (lower 95% CI, 3.37), respectively.

CaUSe oF DeatH IN patIeNtS 
WItH SVR aND patIeNtS WItH 
UNtReateD HCV

In the total cohort, among the 30 patients with 
SVR who died during follow-up, 18 (60.0%) were due 
to non-liver-related death. In contrast, the majority 
(86.4%) of the 559 patients who were untreated for 
HCV died of liver-related death. The median time 
of survival from HCC diagnosis was 44.88 months 
(IQR: 19.46-61.87) in those with SVR and 16.37 
months (IQR: 7.59-31.36) in the untreated group.

Discussion
Ongoing controversy surrounding the risks of 

IFN-free DAAs in patients with HCC continues. 
Our study clearly provides evidence of the benefits of 

DAA treatment and the achievement of HCV cure 
through SVR for patients with HCV, even in those 
already burdened with HCC.

Using PSM, we demonstrated a superior 5-year 
survival rate of about 88% for patients with HCV 
cure compared with 66% in untreated patients. The 
annual death incidence for patients with SVR was 
also only about one third that of patients who were 
without HCV treatment (2.38% vs. 7.70%). Indeed, 
the difference in the median survival between patients 
with SVR and untreated patients in our study was 
about 18 months, a considerable survival difference 
for HCC, a cancer with an overall 5-year survival of 
only about 18%. In addition, new systemic therapies 
for palliative patients only provide a survival benefit 
for a few months.(5) We also demonstrated that SVR 
was independently associated with a 60%-70% risk 
reduction for both all-cause and liver-related death, 
following appropriate adjustment for various con-
founders. This survival benefit remained strong and 
significant through multiple sensitivity analyses. In the 
sensitivity analysis that removed patients who received 
liver transplantation, SVR was still significantly asso-
ciated with about 60% improvement in OS. For liver- 
related survival, SVR was also associated with about 
60% improvement, but this association did not reach 
a conventional level of statistical significance, likely 
because of a more limited sample size for this analysis.

These findings indicate that serious consideration 
should be given to providing IFN-free DAA treatment 
to all eligible patients, including those with HCC. In 
fact, our data could be further supported by findings 
that 60% of the patients with SVR who died in our 
study actually died of non-liver-related causes, which is 
also consistent with the fact that the majority of these 
patients had lower (<10) MELD scores, CTP class A, 
and small tumors without metastasis. IFN-free DAA 
treatment should not be withheld from patients with 
HCC who are eligible for HCC therapies because the 
improved survival benefit of HCV treatment may out-
weigh the cost of the care factor.(24,25)

Furthermore, the increased survival among those 
with SVRs was not limited to those who underwent 
HCC curative treatment but also included those who 
had only palliative treatment for HCC. This finding 
expands the results from a recent study that reported 
improved survival for those who were treated with 
DAAs for their HCV after being successfully treated 
for their early stage of HCC(20) by suggesting that 
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treatment should not be withheld from those who do 
not qualify for curative HCC treatment. On the other 
hand, it should be noted that further study is needed 
to determine the role of DAAs in patients with very 
advanced liver disease (CTP class C) or advanced 
cancer stage (BCLC stages B, C, and D) and in the 
very young (<50  years) group of patients with HCC 
because the sample sizes of these subgroups were 
small in our study.

A prior study from Europe studying patients with 
HCV-related HCC with compensated cirrhosis 
(19 with SVRs from IFN-based therapies and 156 
patients who were viremic) also showed that patients 
with SVR had lower overall and liver-related mortal-
ity.(26) The 5-year OS rates were 65.9% and 31.9% 
in patients who achieved and did not achieve SVR 
after IFN-based antiviral therapy. However, IFN 
therapies are poorly tolerated, and only a few patients 
with HCC are treatment candidates. In 2017, another 
European multicenter study reported an HCC disease- 
free survival rate of 96% in 47 patients who were 
treated with DAAs after HCC diagnosis (82.6% 
BCLC stage A).(27) Despite a small sample size, the 
finding was consistent with our current study.

An interesting finding from our study was that those 
of Asian ethnicity were over 70% less likely to die than 
those of non-Asian ethnicity, although the country/ 
region of residence was not significant. Although the 
reasons for this ethnic disparity remain unclear, it is 
a phenomenon that has long been described in sev-
eral prior studies of the multiethnic U.S. popula-
tion.(28-31) One recent study analyzed 1,284 Asian and 
7,072 non-Hispanic white patients in a Surveillance, 
Epidemiology, and End Results Medicare-linked data-
base, 1994-2011.(30) The study reported an absolute 
difference in 5-year survival rates of 5.8% (95% CI: 
2.6%-9.3%) between Asians and non-Hispanic whites. 
This ethnic influence may also help explain the higher 
5-year OS of about 88% for patients with SVR (from 
DAA) observed in our study compared with 65.9% 
for patients with SVR (from IFN) from the European 
study mentioned(26) because the majority of our patient 
cohort were Asian (68.85%). Furthermore, over half of 
our study population was also from Asia, and it is well 
known that Japan has a high HCC survival rate that is 
positively affected by treatment with DAAs for those 
who have suffered from HCV-related HCC.(32,33)

A major strength of our study is that we used a 
real-world multicenter, multinational cohort study that 

included patients from both the United States and 
East Asia to analyze the survival outcomes of patients 
with HCV-related HCC with SVR from DAA com-
pared with untreated controls. Most importantly, we 
found that the study location, Asia versus non-Asia, 
was not a significant predictor that demonstrates the 
strong positive effect of DAA treatment on survival. 
We also employed several different statistical meth-
ods to balance the background risks of the two study 
groups to reduce biases that can occur in observational 
studies of survival outcomes.

On the other hand, we do recognize that there 
are several limitations to our study. First, this was a 
retrospective study, vulnerable to bias and confound-
ing. But, as noted, we used PSM and multivariable 
adjustments to limit such issues. The high E values 
from our models also suggested that unmeasured con-
founders would be unlikely. Second, detailed recur-
rence data were lacking in our study, so we were not 
able to provide cancer progression-free survival (PFS) 
data. However, OS is the most important outcome in 
cancer research, and PFS is considered only a surro-
gate of survival.(34) In addition, we provided data for 
all-cause mortality and liver-related mortality. Third, 
some patients were censored out before their 5-year 
survival could be assessed because of IFN-free DAAs 
not being approved until late 2014, but the follow-up 
periods among the two groups were very compara-
ble, and through the use of landmark analysis, the 
significant positive impact on survival for patients 
with SVR remained. Fourth, the rather recent arrival 
of IFN-free DAAs also limited the study from con-
ducting longer-term survival analyses, but because the 
5-year survival rate for those with HCC was low, we 
were able to demonstrate that SVRs achieved with 
IFN-free DAAs improved survival significantly, with 
annual mortality rates that were only about one third 
that of untreated patients. Fifth, the generalizability 
of our data for young patients with HCC (<50 years), 
patients with more advanced HCC stages (BCLC B, C,  
and D), and patients with very advanced liver disease  
(CTP class C) was limited because of small sam-
ple sizes. However, these subgroups may also stand 
to benefit more from SVRs, improving liver func-
tion sufficiently to tolerate needed HCC therapies. 
Further studies investigating these populations are 
urgently needed. We also did not include any patients 
who did not undergo therapy for HCC, so the impact 
of SVRs in this population is unknown. Lastly, the use 
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of and amount of alcohol consumed was lacking, so 
we were unable to account for the effect of alcohol on 
outcomes. However, because the E values were high, 
we feel the impact of alcohol would be small.

In conclusion, using data from both North America 
and East Asia, we demonstrate that, compared with 
patients without HCV therapy, SVR obtained follow-
ing treatment with DAAs is strongly and significantly 
associated with improved OS in patients with HCV-
related HCC who also received therapy (palliative or 
curative) for HCC (graphical summary as Supporting 
Fig. S1). Our findings advocate for the consideration 
of treatment with IFN-free DAAs for patients with 
HCV-related HCC who are also treatment candidates 
for HCC, whether curative or palliative. The impact 
of SVR in patients with HCV-related HCC who do 
not receive HCC treatment, have CTP class C or 
BCLC above stage A, and are younger than 50 years 
of age await additional investigation.
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