Journal of Hepatocellular Carcinoma

Dove

REVIEW

Timing of DAA Initiation After Curative
Treatment and lts Relationship with the

Recurrence of HCV-Related HCC

Xiuzhu Gao®"%*

Mengru Zhan®'*
Liquan Wang?
Yanhua Ding?
Jungi Niu'

'Department of Hepatology, First
Hospital of Jilin University, Changchun,
Jilin 130021, People’s Republic of China;
2Phase | Clinical Research Center, The
First Hospital of Jilin University,
Changchun, Jilin 130021, People’s
Republic of China; 3Imaging Department,
Jilin Province Occupational Disease
Prevention and Treatment Hospital,
Changchun, Jilin Province 130102,
People’s Republic of China

*These authors contributed equally to
this work

Correspondence: Yanhua Ding

Phase | Clinical Research Center, The
First Hospital of Jilin University, 71
XinMin Street, Changchun, Jilin 130021,
People’s Republic of China

Tel/Fax +86-431-81875103

Email dingyanhua2003@ |26.com

Jungi Niu

Department of Hepatology, First Hospital
of Jilin University, 71 Xin Min Street,
Changchun, Jilin 130021, People’s
Republic of China

Tel/Fax +86-431-81875103

Email jungi_niu@163.com

This article was published in the following Dove Press journal:
Journal of Hepatocellular Carcinoma

Abstract: Hepatitis C virus infection is a major cause of chronic hepatitis, leading to
cirrhosis and hepatocellular carcinoma (HCC). Many studies agree that interferon (IFN)-
based antiviral therapy can reduce the risk of HCC recurrence in patients with chronic
hepatitis C who have achieved a sustained virological response (SVR). The recent introduc-
tion of direct-acting antivirals (DAA) has resulted in excitingly high SVR rates. However, as
an IFN-free regimen, DAAs only exert antiviral activity without an immune response. The
benefit of DAA-based regimens for HCC recurrence in patients with cirrhosis and following
successful curative treatment remains controversial. Additionally, the time span between
curative-intent therapy and the DAA regimen is an independent risk factor for HCC
recurrence, irrespective of the DAA response. HCC patients who are eligible for potentially
curative therapy by liver resection or ablation should defer DAA therapy; however, the
accurate timing remains unclear. In this study, we reviewed the timing of DAA initiation
after curative treatment and its effect on the recurrence of related HCC.
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Introduction
HCC is the seventh most common cancer and fourth leading cause of cancer deaths
worldwide,' accounting for more than 90% of liver cancer cases.” Approximately
78,200 individuals are diagnosed with liver cancer every year, and the annual
number of deaths globally is estimated at approximately 0.4—0.6 million.
Globally, an estimated 71 million individuals have chronic hepatitis C virus
infection,® and cirrhosis caused by chronic hepatitis C virus (HCV) infection is
one of the most common risk factors for HCC.* The onset of liver cancer is often
hidden. Nearly half of patients with HCV are currently unaware of their infection
due to the suboptimal rates of HCV screening. Some patients are asymptomatic,
and physical examination lacks the signs of the tumor itself. Once the symptoms
appear, most of the patients have entered the middle and late stages. Liver cancer
usually has a poor prognosis, placing a huge burden on families and society.
Although many treatment methods are available for HCC, surgical resection
remains the primary method. However, the HCC recurrence rate is very high, with
an annual rate of 15%-20%, a high rate not observed with other malignant
neoplasms, resulting in a high mortality,>® even after curative procedures, including

surgical resection. The intrahepatic recurrence of HCC is generally divided into
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early (within 2 years) and late (beyond 2 years) recurrence.
Early recurrence usually comprises either microscopic
metastases of the primary cancer or local recurrence of
previously treated cancer. Late recurrence is due to the
multicentric carcinogenic process driven by underlying
liver cirrhosis.” Hepatectomy can induce liver regenera-
tion, leading to HCC growth. A recent meta-analysis
showed that the 6-month and 2-year pooled HCC recur-
rence rates were 7.4% and 47.0% in HCV-related HCC
patients who were not unexposed to DAA.® These data
indicate an urgent need for an effective adjuvant strategy
that can reduce HCC recurrence.

Recurrence after curative resection of HCC developed
from multicentric origins, which are closely related to the
HCV viremia status.” Over the last few decades, the pri-
mary anti-HCV treatment was pegylated interferon (Peg
IFN) combined with ribavirin. Many findings reported that
a positive response could significantly reduce the risk of
HCC occurrence and recurrence.” ! However, contraindi-
cations and severe side effects limited its application.'?

New highly effective, IFN-free, direct-acting antivirals
(DAAs) have revolutionized HCV treatment, with high
rates of a sustained virologic response (SVR) in a very

short time,'* 1°

even for patients infected with HCV gen-
otype 3, and very few side effects have been reported
compared with IFN-based therapy.'® Gamal Shiha reported
the incidence of HCC was reduced in chronic hepatitis
C genotype 4 patients with cirrhosis who achieved SVR
following DAA therapy.'” This therapeutic option has
increased the confidence in a drastic decline in HCC
occurrence, even in patients with prior liver cancer.
However, the appropriate timing of DAA initiation after
surgical resection of HCV-related HCC patients and the
effect of DAA on HCC recurrence remain controversial.
Studies evaluating DAA and the risk of HCC recurrence
after a complete response to resection have produced con-
flicting data, and some studies have suggested a decreased
risk of HCC recurrence after DAA, while others have
shown opposite results. The AGA Clinical Practice
Update on Interaction Between Oral Direct Acting
Antivirals recommends that patients with HCC who are
eligible for potentially curative therapy with liver resection
or ablation should defer DAA therapy until after HCC
treatment is completed.'® Additionally, evidence on HCV-
related HCC recurrence after HCV eradication by DAAs in
previously cured patients is equivocal. The uncertainty
concerning the optimal management of patients with
DAA after resection may lead to confusion among doctors.

Overall, with the advent of the DAA era, how to
maximize the role of DAA is currently the top priority.
This review aimed to summarize the timing of DAA
initiation after resection surgery and clarify the effect of
the time window between DAA initiation and resection on
the recurrence of HCV-related HCC.

Timing of DAA Initiation After Curative
Treatment and Its Effect on HCC

Recurrence

A surprisingly high rate of early HCC recurrence after
DAA therapy post curative treatment observed by Reig
et al for 20 DAA-treated HCV patients with a 5.7-month
follow-up caused widespread concern about the benefit of
DAA for HCC." Based on this study, Pei-Chien Tsai and
colleagues found that the recurrence rate was significantly
higher among patients with a time lag within 4 months
(54.6%) than among those with a time lag of more than 4
months (21.3%).?° Singal et al, based on a multicenter
cohort study in North American of 111 HCV patients
with 10.4 months (5.3-20.8) of DAA initiation, revealed
that the risk of early recurrence could differ according to
the initiation time of DAA therapy. The proportions of
patients with HCC recurrence were 44.0% for those with
a duration from HCC CR to DAA initiation of less than 3
months, 50.0% for those with a duration from HCC CR to
DAA initiation of 4-6 months, and 36.9% for those with
a duration of DAA initiation more than 6 months, but
these values did not achieve statistical significance.’’
Zavaglia et al observed only 1 case of HCC recurrence
among 31 that had received curative treatment and then
started DAA therapy; the low recurrence rate was partly
due to the longer interval between the curative procedures
and DAA initiation.”> Ogawa et al reported the results of
multivariable Cox analysis of 152 HCV-related HCC
patients, and the time between previous HCC treatment
and DAA exposure within 1 year (HR: 3.20; 95% CI:
1.29-9.65; P=0.0011) was significantly associated with
HCC recurrence.”® However, Singal, A.G and colleagues
reported that patients with prior HCC had a median time
from the HCC complete response to DAA initiation of 7.7
(IQR 3.6-14.1) months, and DAA therapy was associated
with a significant reduction in the risk of death.** In
a systematic review with a meta-analysis, Saraiya et al
suggested an acceptable HCC recurrence rate after DAA
therapy that was delayed at least 6 months after the HCC
complete response.>> Adhoute et al found that, compared
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with patients without recurrence, the time interval between
HCC treatment and DAA initiation in patients with HCC
recurrence was shorter [36.0 months vs 7.0 months
(P=0.0235), respectively].?® In multivariate analysis of
163 HCV-related HCC patients, Minami et al found
a longer interval (>2 years) between the last HCC treat-
ment and DAA initiation that was significantly associated
with reduced recurrence (HR:0.34; P=0.009).%" Kolly
P confirmed that patients with a longer timeframe between
HCC CR and DAA prescription had a lower risk HCC
recurrence (HR: 0.908; P=0.001).%

Interestingly, Kogiso et al reported that HCC recurred
after a median of 22.0 months of DAA treatment, whereas
those without recurrent HCC had 16.1 months of DAA
treatment. No significant difference was found in the start-
ing time of DAA between the HCC recurrent and nonre-
current groups.” This result was supported by Degasperi
et al, although HCC recurred in 7/17 (41%) patients start-
ing DAA<6 months from previous HCC treatment versus
13/43 (30%) patients starting DAA treatment >6 months
(P=0.54), time interval between HCC treatment and DAA
start could not predict HCC recurrence at univariate
analysis.*”

As suggested by several studies, the early recurrence of
HCC may not be related to whether to use DAA but likely
to the time of DAA initiation. Some studies believed that
the short interval between curative treatment and DAA
may cause a high rate of early HCC recurrence. Since
most clinical trials did not include HCC patients, the data
on SVR rate of DAAs on HCV-related HCC and the risk
of HCC recurrence mainly come from retrospective
cohorts and real-world studies. Chang, C.Y found in
study of 110
Americans with HCV genotypes 1 to 3 or 6 treated with

a retrospective consecutive  Asian
IFN-free SOF-based regimens, after receiving DAAs, the
total SVR rate was as high as 93%, while the SVR rate of
HCC patients without curative treatment was only 82%.°
A study of 421 HCV-related cirrhosis patients included
33% of cases with active HCC or a history of HCC.
After DAAs treatment, the SVR of cirrhosis patients with-
out HCC was 88%, while that with HCC was 79%. There
was a statistical difference between the two groups.’’
Persico, M showed that active tumor was a risk factor
for DAAs treatment failure. After the remission of HCC,
the efficacy of DAAs was similar to that of patients with-
out HCC in a multivariate analysis.>> Many studies have
confirmed that for patients who are found to be HCV-
related HCC, include resection,

curative treatment

radiofrequency ablation, liver transplantation and radio-
therapy followed by DAAs can increase SVR, reduce the
risk of liver cancer recurrence and improve overall
survival>**>3 All of the above, considering that HCC
patients do not require antiviral therapy immediately after
curative procedures, for safety reasons, the existing guide-
lines and clinical practice believe that appropriate delay of
DAA treatment can prolong the time for immune surveil-
lance to work and allow a sufficient time to verify an HCC
complete response, thereby minimizing the chance of mis-
The
Association clinical practice recommended that patients

classification bias. American Gastroenterology
with complete remission after HCC undergoing liver
resection or ablation should receive DAASs treatment, and
the DAAs treatment time can be 4-6 months after
surgery.'® German Alliance for Liver Cancer (GALC)
recommended DAA therapy should start 6-12 (at the ear-
liest) after HCC with curative intent.’® So far, since the
current studies lack randomized controlled studies (RCT),
long-term follow-up, and so on, the timing of DAA treat-
ment is still inconclusive, and further research is needed.

DAA Therapy Increases the Risk of
Recurrence in Patients with Previous

HCV-Related HCC with Curative

Treatment

Some of the earliest studies reported that DAA might have
a negative impact on the risk of recurrence in patients with
previous HCV-related HCC with curative treatment. Reig
reported the early tumor recurrence of 20 HCV patients
with a complete response after a history of HCC treated by
ablation, resection or chemoembolization as 27.6%, and
the recurrence rate in patients with a short interval
between HCC treatment and DAA therapy is 41.17%."
DAA might have a negative impact on immune surveil-
lance, so individuals older than 50—60 years must be care-
fully screened before undergoing DAA. However, the
evidence in this study was limited by the small number
of subjects and lack of an untreated control arm, as well as
a series of methodological concerns not addressed by the
authors, for example, a combination of heterogeneous
groups of patients who received different treatments,
including palliative and curative management. A similar
high recurrence rate of HCC was found in Conti et al’s
study: 28.8% of cirrhotic patients with a history of pre-
vious liver cancer showed HCC recurrence within a short
period of 24 weeks of follow-up. Even more difficult to
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explain was that 17 patients with a median HCC-free
interval of 446 days at DAA initiation showed HCC recur-
rence within a few months after DAA treatment.’’
Additionally, the preliminary report of Warzyszynska
K showed that HCC recurrence rates in the DAA group
(N=19) and NDAA (non-DAA) group (N=32) were 42.1%
and 65.6%, respectively (P=0.058), with a relapse time
significantly earlier in the DAA group than in the NDAA
group (256 vs 532 days after surgery; P< 0.05).
Additionally, compared with the NDAA group, the RFS
rate in the DAA group was lower, confirming that the
application of DAA therapy in patients with a history of
HCC may result in a significantly accelerated HCC
relapse.38 In this material, before treatment, the mean
AFP level in the DAA group was significantly higher
than that in the NDAA group (139.2 mg/dl vs 32.4 mg/
dl), likely explaining the higher recurrence rate in the
DAA group. A meeting abstract from Japan reported that
in the 11.4-month median follow-up period, 9 in 36
patients developed tumor recurrence (25%) after DAA
therapy that presented unexpected clinical courses.>”
During the same year, Tokoro et al showed an extremely
high HCC recurrence rate (59%) within a 16.2-month
follow-up time in a cohort of 22 patients.*

Some of the aforementioned studies merely observed
the effect of DAA therapy on HCC recurrence, which
ignored the time lag between CR (complete response,
defined as no evidence of HCC following 2 consecutive
imaging assessments performed 1 and 3 months after pre-
vious HCC treatment) and DAA initiation. Although they
were corrected for potential confounding, they still had the
pharmacovigilance effect. Researchers who had high
hopes for DAA began to calm down and thought about
the possible reasons for the high HCC recurrence after
DAA therapy. Because DAAs are the accepted standard
of care even in patients with previously treated early HCC,
it is not feasible or ethical to design randomized controlled
trials (RCTs) using an NDAA cohort as the control.

DAA Therapy Cannot Increase the Risk of
Recurrence in Patients with Previous

HCV-Related HCC with Curative

Treatment

However, the negative view of DAA is questioned by
subsequent studies showing that DAA therapy cannot
increase the risk of recurrence in patients with previous
HCV-related HCC with curative treatment. DAA therapy

was associated with a lower recurrence risk in patients
who achieved CR after resection, but without statistical
significance (HR: 0.61; 95% CI: 0.28-1.32).*' Cabibbo
et al showed that, in the DAA group, the HCC recurrence
rate was lower than that in the NDAA group, although the
difference was not statistically significant (HR: 0.70; 95%
CI: 0.44-1.13; P=0.15) in a multicenter prospective cohort
study. Notably,
improve survival in HCV-cirrhotic patients and reduce

despite HCC recurrence, DAA can

the risk of hepatic decompensation.®> A recent study
found that after antiviral therapy, the IFN group had better
1-, 3-, and 5-year RFS (relapse-free survival) than the
DAA group (95% vs 75.4%; P<0.001). Even after propen-
sity score-matching model analysis, the DAA group still
had higher HCC recurrence rates than the IFN group.
Another issue to consider is that there were no recurrences
within 3 months after complete tumor necrosis; however,
after the prescription of DAA therapies, 4 (4.8%) and 13
(15.5%) patients showed HCC recurrence within 3 and 6
months, respectively, but no patient cured by IFN-based
regimens developed HCC recurrence within 6 months.
Nevertheless, Kuo et al reported that the DAA group had
better tumor RFS than the untreated group.*' A large pro-
spective cohort of HCV-cirrhotic patients with previous
successfully treated early HCC reported that the probabil-
ity of HCC early recurrence remains high despite DAA
exposure but not higher than that reported in the literature
in DAA-untreated patients.®** However, these data con-
tained high variability in HCC early recurrence due to the
indirect comparison between DAA-exposed and unex-
posed patients. Kogiso et al confirmed that DAA did not
increase the rate of HCC, even in patients who received
immunosuppressive therapy in a retrospective study.29
A study comprising three prospective multicenter cohorts,
with different patient profiles, including cirrhotic and non-
cirrhotic patients, showed that DAAs could not increase
the risk of HCC recurrence, even in patients who had
undergone liver transplantation.*> Adhoute et al showed
that DAA treatment did not affect the incidence of HCC
recurrence, although it likely could not prevent the early
recurrence of HCC in one case—control study.”® Lin et al
found that, although DAA therapy improved the survival
outcome of HCC patients, no correlation was found
between DAA HCC in
a retrospective study.** Mashiba et al found no difference

treatment and recurrent
in the recurrence rate of HCC patients treated with inter-
feron and DAA in a multicenter study cohort, reflecting

the real-world data in Japan.*> However, DAA treatment
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may reduce the second recurrence following curative treat-
ment after the first recurrence in a landmark time
analysis.*® This finding aligned with previous results
reporting that interferon treatment can reduce the second
relapse but not the first relapse.*’ > A meeting abstract by
Urabe A, S.R published in Hepatology showed that, com-
pared with the IFN group, although the cumulative inci-
dence of HCC in the DAA group was lower at 6 and 12
months after the start of antiviral therapy, no difference
was found in early HCC recurrence after 18 months of
antiviral therapy between IFN-based and IFN-free therapy
for patients.’’ Granata et al reported that, after DAA
treatment, the recurrence rate was 27.8% with a 7-month
(range:3—15 months) follow-up period, indicating that the
eradication of HCV did not reduce the risk of HCC recur-
rence in a prospectively single-center study.’> A nation-
wide multicenter study conducted by the Japanese Red
Cross Hospital Liver Study Group found no difference in
early recurrence between DAA-treated and IFN-treated
patients, and accurate data were not shown. Waziry
et al found no difference in the recurrence rate of HCC
DAA
a systematic review, meta-analyses, and meta-regression
that 17 qualified Additionally,
Shinichiro reported that the recurrence rate in patients

after treatment and interferon treatment in

recruited studies.™
treated with DAAs after curative treatment of HCC was
comparable to that before the DAA era,”> confirming the
concept that DAA therapy is not related to HCC
development.

DAA Therapy Decreases the Risk of
Recurrence in Patients with Previous
HCV-Related HCC with Curative

Treatment

Additionally, DAA therapy is thought to decrease the risk
of recurrence in patients with previous HCV-related HCC
with curative treatment. Kolly et al found that DAA treat-
ment reduced HCC recurrence risk (HR: 0.894; 95% CI:
0.827-0.965; P=0.004) in a European multicenter study of
47 patients, with a mean follow-up period of 21.5
months.’® Another comment by Torres et al found that
no patient (N=20) who received curative procedures fol-
lowed by DAA showed recurrent HCC over a median
follow-up period of 12 months (range, 4-60 months).>’
Another study observed only 1 case of neoplastic recur-
rence in our series of 31 consecutive patients whose HCC
was previously cured with a median follow-up time of 8

months. The author Zavaglia et al explained the cause
might be the longer interval between complete eradication
of the tumor and initiation of DAA (median of 19.3
months vs 11.2 months in Reig’s study).'®*? The data
extracted from Reig’s study showed 6-month, 1-year,
2-year, 3-year and S5-year recurrence rates of 5.2%,
12.9%, 26.3%, 33.5% and 39.1%, respectively, in patients
with SVR achieved following IFN-free treatment. These
values were significantly lower those for patients without
antiviral treatment. The median times to recurrence in the
DAA-treated group and HCV activated group were 31
months and 72 months, respectively.’® Virlogeux et al
showed that the median times between HCC remission
and recurrence in DAA-treated patients and untreated
patients were 17.4 months and 10.1 months, respectively.
Additionally, a significant difference was found in the
in DAA-treated patients and
untreated patients (73.3% vs 47.8%) in a retrospective

HCC recurrence rate

cohort study of 68 patients.”® Preda et al confirmed that
DAA therapy positively impacted the recurrence rate,
which was significantly lower in the DAA resection
+RFA group (N=12) than that in the control resection
+RFA group (N=12): 5.5% versus 24.6% (P=0.044).
Even considering TACE, compared with the untreated
group, the HCC recurrence rate/100 patient-years of the
entire group of patients treated with DAAs was consider-
ably reduced.®® Nagata et al showed that the 5-year cumu-
lative HCC recurrence rates after HCV eradication was
similar between IFN-based and DAA-based therapies
(54.2% vs 45.1%; P=0.54)" A DAA cohort and an
untreated HCV-related HCC cohort with similar back-
grounds, including age, gender, liver function, number of
tumors, and Child—Pugh score, confirmed that DAA ther-
apy significantly decreased the recurrence rate of HCC.®
Sangiovanni A confirmed that DAA treatment could
decrease the incidence of HCC recurrence in HCV-
cirrhotic patients who achieved SVR in a multicenter pro-
spective trial of 111 patients in Italy.> The recurrence
rates within 2 years were 55%, 55% and 35% in the
DAA, IFN and control groups, respectively. These results
did not significantly differ among the three groups
(P=0.38), and the cumulative RFS rates at 6, 12, and 24
months in the DAA group were higher than those in the
IFN and untreated groups, achieving significance
(P=0.045) and indicating the positive attitude toward
DAA therapy.®* Imai et al found that, compared with the
untreated group (N=64), the DAA (N=13) and IFN groups
(N=14) could increase RFS, but was no difference was
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found between the DAA and IFN groups.®® The more
details are available in Table 1.

Discussion

The emergence of DAA is a milestone in anti-HCV
treatment.®® % More than 95% of HCV patients can achieve
SVR regardless of genotype. Additionally, its excellent
safety and higher efficacy enable the treatment of CHC
patients with advanced fibrosis and cirrhosis. Early clinical
trials in the interferon era have confirmed that SVR could
significantly improve the outcome and reduce the risk of
decompensated liver cirrhosis and HCC.®>"' Therefore,
providers and patients have high hopes for DAA in terms
of reducing the incidence and recurrence rates of HCC and
are eager to launch related clinical observations. However,
studies have reported the high unexpected recurrence rate of
HCC in 1937
Coincidentally, not only were the recurrence rates were

patients receiving DAA  treatment.
estimated to be higher but some findings warned that the
incidence of HCC was also higher than expected.”>’* By
contrast, some studies have reported that DAA treatment
cannot increase the risk of HCC recurrence.??¢2%:61:62:65
The above results heightened the discussion regarding the
benefit of DAA in HCC patients.

The conflicting data may be due to the heterogeneity and
discrepancies among the obtained results. The causes of the
variability in the available data can be summarized as fol-
lows: (1) different study designs: retrospective, prospective,
or case-control studies or meta-analyses; (2) different study
settings: single-center, multi-center or real-world, nationwide
or international studies; (3) inclusion and exclusion criteria;
(4) basic information about the subject, such as gender, age,
BMI, genotype of HCV virus; (5) tumor characteristics,
including the diameter, number, whether the tumor has
metastasis and the number of HCC recurrences; (6) risk
factors such as alcohol abuse and diabetes; (7) interval
between curative treatment and DAA therapy; (8) type of
curative HCC treatment; (9) lack of a control group or
inconsistent inclusion time between the control and experi-
mental groups; (10) use of other medications before DAA
treatment; (11) inconsistent follow-up time. Compared with
the interferon group, patients in the DAA treatment group
were older and had more advanced liver cirrhosis. These are
independent risk factors that affect HCC recurrence,” this
can explain the high risk of HCC recur in DAA group.
Additionally, the follow-up start time differed among the
studies. Some started from the initiation of DAA therapy,
some started from the end of DAA therapy, and some started

from the HCC complete response. The significant variability
in the timing of follow-up is a major area of potential bias.
The HCV eradication of the HCC recurrence risk is difficult
to evaluate because of the high heterogeneity. Therefore,
designing more scientific and rational clinical trials, as well
as more detailed subgroup analysis to obtain less bias
between different groups, is warranted.

Furthermore, unlike IFN, which attacks HCV-infected
hepatocytes through an immune response to achieve HCV
inhibition with an anti-tumor effect, DAA directly inhibits
HCV virus replication.”> The sudden decline in HCV after
DAA may cause the imbalance of the immune system,
leading to the reduction of immune surveillance and the
immune-killing effect on tumors, leading to tumor recur-
rence. A Belgian study observed a high early recurrence
rate of HCC in patients treated with DAA without IFN
compared with their PEG-IFN+DAA counterpart, although
the DAA monotherapy group showed a higher risk of
HCC at baseline.”® Furthermore, HBV rebound was
reported in HCV and HBV coinfected patients after DAA
treatment.”” ’°

Another noteworthy issue is that, compared with non-
SVR patients, the HCC recurrence rate in patients with
SVR after IFN treatment is significantly reduced, but the
recurrence rate remains unsatisfactory, indicating that the
elimination of HCV virus is far from reaching the endpoint
of treatment.®*®* Many studies have confirmed that the
elimination of HCV can improve liver function and pro-
long the survival time of HCC patients, but the reduction
in the recurrence rate of liver cancer is not optimistic. The
possible reason may be that DAA drugs cannot inhibit the
progression of precancerous lesions to malignant tumors,
so DAA cannot reduce the recurrence rate of early liver
cancer. Recurrent HCC can occur at the time of DAA
initiation, causing an overestimation of the post-DAA
HCC recurrence. Therefore, it is particularly important to
review CT or MRI every 3-4 months. Based on the
patient’s age, sex, presence of liver cirrhosis, alcohol con-
sumption, AFP level and number of recurrences of liver
cancer, the interval between re-examinations should be
shortened or extended.

Although different opinions exist regarding the effect of
DAA on HCC recurrence, the underlying mechanism on
hepato-carcinogenesis, tumor recurrence and progression
by DAA remains unclear. Some experts still recommend
for patients with HCC to undergo DAA at an appropriate
time after curative treatment because they believe the benefit
improved liver function and prolonged survival by DAA
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Table | Characteristics of Studies Concerning the HCC Recurrence Rates of HCV-Related HCC Patients with Curative Treatment
After DAA Therapy

Author N N (%) Follow- HCC Recurrence Rate Curative Time Between
Receiving | Up Treatment HCC Remission
DAA (Months) and DAA Initiation
(Months)
Maria ReigI9 20 20 (100%) 57 7/20 (35%) Resection: 36% 11.2 months
Ablation: 53%
TACE: 10%
Conti F¥’ 19 19 (100%) 6 8/19 (42.1%) Resection: 32% 12.4 months
Ablation: 41%
TACE: 8%
Multimodal: 17%
Karola 51 19 (37.3%) | NA DAA vs NDAA: NA NA
Warzyszynska®® 47.3% vs 75% P=0.45
I-year RFS rate
Amit G Singal®' | 111 | 64 (57.6) 10.4 HR: 0.61 NA 10.4 months (IQR:
95% Cl: 0.28-1.32 5.3-20.8)
Giuseppe 204 | 102 (50%) 21.4 DAA vs NDAA: DAA vs NDAA: 2.1 months (range:
Cabibbo?? 6 months: 6% vs 9% Resection: 0.5-6 months)
| year: 15% vs 20% 34 (33.3%) vs 36
2 years: 27% vs 40% (35.3%)
3 years: 70% vs 57% RFA: 68 (66.7%) vs
P=0.15 66 (64.7%)
Giuseppe 143 | 143 (100%) | 8.7 (3-19) | 6 months: 12% Surgical resection: 52 | |1 (I-126)
Cabibbo*? 12 months: 26.6% (36.4%)
18 months: 29.1% Thermal ablation: 66
(46.1%)
TACE: 25 (17.5%)
E Ogawa® 152 | 152 (100%) | 17 (1-23) No cirrhosis vs cirrhosis: Resection: 60 1.2 years
6.5% vs 23.1% P=0.023 (39.5%)
I-year cumulative HCC recurrence rate | Resection + RFA: 6
(3.9%)
RFA: 49 (32.2%)
RFA + TACE: 13
(8.6%)
TACE: 22 (14.5%)
Particle radiotherapy:
2 (1.3%)
Amit G Singal™* | 797 | 383 (48%) NA DAA vs untreated: DAA vs untreated: 7.7 (IQR: 3.6-14.1)
209 (54.6%) vs 205 (50.7%) Resection: 81 months
HR 0.86 (0.49-1.52) (21.2%) vs 138
(36.0%)
RFA: 136 (35.5%) vs
28 (7.3%)
TACE: 33 (8.0%) vs
130 (31.4%)
Other: 222 (53.8%)
vs 28 (6.8%)
(Continued)
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Table | (Continued).

Dove

Author N N (%) Follow- HCC Recurrence Rate Curative Time Between
Receiving | Up Treatment HCC Remission
DAA (Months) and DAA Initiation
(Months)

Tomomi 45 | 45 (100%) 259 33% Resection: 25% 16.3 (2.1-242.5)

Kogiso?’ (2.7-41.3) | Median interval until HCC recurrence RFA: 35%
after DAA: 11.6 months (range: 2.2-34.2 | TACE: 11%
months) LT: 6%

Stanislas Pol 267 | 189 DAA vs DAA vs untreated: NA NA

ANRS CO22 (70.8%) untreated: | 24 (12.7%) vs 16 (20.5%)

HEPATHER 20.2 vs 0.73/100 vs 0.66/100 P=0.8756

cohort® 26.1 person-months

after DAA | First 3 months of the treated period
initiation

Stanislas Pol 79 13 (16.5%) | DAA vs DAA vs untreated: NA NA

ANRS COI2 untreated: | | (7.7%) vs 31 (47%)

CIRVIR 16.5 vs 1.11/100 vs 1.73 (100) P=0.748

cohort® 22.1 person-months

after DAA | First 3 months of the treated period
initiation
Xavier 71 22 (31%) DAA vs DAA vs untreated: DAA vs untreated: 12 (6-38)
Adhoute?® NDAA: 41% vs 35% P=0.7904 Transplantation: 3
68 vs 32 during follow-up period (14%) vs 5 (10%)
Resection/ablation *
TACE: 13 (59%) vs 24
(49%)
TACE: 6 (27%) vs 20
(41%)

Wei Chen Lin** | 59 | 35 (59%) 20 (11-26) | DAA vs NDAA: NA 24 months (IQR:
37.1% vs 45.8% P=0.278 15—48 months)
during the follow-up period

Satoshi 76 17 (22.3) NA NDAA vs DAA: NDAA vs DAA: 0.72 (0.31-10.4)

Miuma*® 76.3% vs 47.1% P=0.115 Surgery: 21 (35.6%)
during the follow-up period vs 5 (29.4%)

RFA: 35 (59.3%) vs 9
(52.9%)
SRT: 3 (5.1%) vs 3
(17.6%)
Toshie 516 | 368 (71.3) IFN vs No difference in early recurrence NA 333 (15+5038)
Mashiba*® DAA: between DAA-treated and IFN-treated
25.5 vs 7.7 | patients

R Bielen’® 42 | 42 (100%) 12 months | PEG-IFN+DAA vs DAA: LT: 21/41 (51.2%) PEG-IFN+DAA vs

0% vs 15% P=0.857 Resection: 10/41 DAA:
(24.4%) I'l vs 3347 months
RFA: 9/41 (22.0%)
TACE: 1/41 (2.4%)
(Continued)
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Author N N (%) Follow- HCC Recurrence Rate Curative Time Between
Receiving | Up Treatment HCC Remission
DAA (Months) and DAA Initiation
(Months)
Philippe Kolly®® | 47 | 47 (100%) 21.5 HR: 0.894 NA NA
95% Cl: 0.827-0.965
Harrys 8 8 (100%) 12 (4-60) | O Resection: 50% 7.5 months
A Torres® Ablation: 38%
Proton therapy: 12%
Claudio 31 31 (100%) 8 3.2% Resection: 42% 19.3 months
Zavaglia® Ablation: 19%
TACE: 13%
S Petta®® 58 | 58 (100%) | 18 (3-90) | 12.9% NA NA
Victor 68 | 23 (34%) DAA vs DAA vs NDAA: Radiofrequency 7.2 months
Virlogeux®’ NDAA: 11/23 (47.8%) vs 33/45 (73.3%) ablation: 43 (63%) (0.3-71.4)
35.7 vs 1.7/100 person-months vs 4.2/ Chemoembolization
15.4 100 person-months +conformal
P=0.008 radiotherapy: 5 (7%)
Chemoembolization:
2 (3%)
Surgical resection: 10
(15%)
different treatment
combinations: 8
(12%)
Yuan-Hung 240 | 80 (33.3%) | NA DAA vs untreated: DAA vs untreated: 30.7 £ 27.5 months
Kuo*! 22 (27.5%) vs 94 (58.8%) HR/RFA, n(%) 15
P<0.001 (18.8)/65 (81.2) vs 58
(36.3)/102 (63.7)
Carmen 24 12 (50%) DAA vs DAA resection+RFA vs control resection | DAA resection+RFA | 23 (7, 72) months
M Preda®® NDAA: +RFA: vs control resection
42 vs 28.5 | 21% vs 86% P=0.002 +RFA
Recurrence rates were calculated from HR/RFA, n(%)
the initiation of DAA therapy to the time | 9 (56.2%)/7 (43.8%)
of the abovementioned recurrence
events.
Hiroko 143 | 83 (58%) IFN vs IFN vs DAA: NA NA
Nagata®' DAA: 54.2% vs 45.1% P=0.54
6.8y vs 5-year incidence rate
1.8y
Keniji Ikeda®? 178 | 89 (50%) 20.7 DAA vs NDAA: Surgery: 43 vs 41 10.7 months
(7.0-26.2) | 6 months: 2.2% vs 9.0% RFA: 38 vs 48 (0.8-22.2 years)
months | year: 18.1% vs 25% TACE: 4 vs 0
2 years: 21.8% vs 46.5% PRT: 4 vs O
P=0.003
(Continued)
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Author N N (%) Follow- HCC Recurrence Rate Curative Time Between
Receiving | Up Treatment HCC Remission
DAA (Months) and DAA Initiation
(Months)
Keniji Imai®® 9l 13 (14.2) 36 months | DAA (13) vs IFN (14) vs untreated (64): | Surgery: NA NA
I-yr RFS: 84.6%; vs 76.2% vs 76.2% RFA: NA
2-yr RFS: 100% vs 69.2% vs 69.2%
3-yr RFS: 76.8% vs 45.0% vs 22.4%
TsudaY?’ 36 | 36 (100%) 11.4 9/36 (25%) NA NA
during the follow-up period
TokoroM* 22 | 22 (100%) 16.2 13/22 (59%) NA NA
during the follow-up period
Urabe A®' 119 | 63 (52.9%) | IFNvs IFN vs DAA: NA 24.3£24.9
DAA 6 months: 16% vs 5%
339 vs 12 months: 31% vs 18%
10.9 18 months: 36% vs 37%
P=0.54
Sangiovanni A% | 11 | 111 (100%) | 49 weeks | 31/111 (27.9%) NA NA
(4-116) during the follow-up period
Ohki T** 60 | 20 (33.3%) | 24 Untreated vs IFN vs DAA: RFA (100%) NA
55% vs 55% vs 35% P = 0.38
Recurrence within 24 months
Granata R®? 36 | 36 (100%) 7 (3-15) 10/36 (27.8%) NA NA
during the follow-up period
Chan Y?*! 37 14 (37.8%) | DAA vs DAA vs NDAA: NA I'l months (range, 2
NDAA: 5/14 (36%) vs 15/23 (65%) to 17 months)
23 vs |7
Minami T 163 | 163 (100%) | 14.5 12 months: 38% Resection: 14 3.9 y (range,
(2.1-30.9) | 24 months: 54.5% Ablation: 147 0.03-18.8y)
Radiotherapy: | between the initial
TACE: | HCC diagnosis and
the initiation of DAAs
Shinichiro N°* 312 | 312 (100%) | 855 days | year: 18.3% Resection: 89 297 days
2 years: 38.8% Ablation: 223
3 years: 55.4%
Elisabetta 60 | 312 (100%) | 23 (7-37) | 6 months: 7% RFA: 41 (68) 12 (4-163) months
Degasperi*® 12 months: 17% Resection: 13 (22)
18 months: 27% PEI: | (2)
36 months: 43% TACE: 5 (8)

overcome their increased risk of liver cancer recurrence.
A multicenter study from Europe has shown that 19% of
patients with advanced liver disease waiting for liver trans-
plantation were delisted due to clinical improvement after
DAA treatment, confirming that viral suppression by DAA

may result in liver function and prognosis improvement.*’
Furthermore, after the advent of DAA since 2011, the num-
ber of HCV patients registered for liver transplantation has
been reduced.®® These studies were consistent with previous
literature reporting that DAA therapy improves liver
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8790 and hepatic decompensation,®”® excessively

function.
delaying DAA therapy that might lead to the deterioration of
liver function and undesirable prognosis.

Compared with other viruses and risk factors,
patients infected with HCV tended to have a higher
rate of HCC occurrence, indicating that the impact of
DAA therapy on long-term outcomes in this population
is vital. The optimum time of anti-HCV treatment in
patients with HCC remains debatable. Therefore, provi-
ders need to remain vigilant and inform patients who
even if they achieve SVR after antiviral treatment, they
still have the risk of HCC recurrence and require regular
follow-up.
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