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INTRODUCTION

Primary liver cancer is one of the most common solid
tumors and is the second leading cause of cancer-related
deaths worldwide!". Despite recent developments in the
prevention and treatment of viral hepatitis, approximately
746000 deaths were reported in 2012 among patients
with primary liver cancer. Nowadays, various treatment
options are available for the most common type of
primary liver cancer, hepatocellular carcinoma (HCC),
including surgical resection, ablation therapies, arterial
chemoembolization, radioembolization, and systemic
therapies. However, the presence of chronic liver disease
in the underlying liver and a high tumor recurrence
rate even after curative-intent treatment make the
management of HCC difficult™”.

HCC usually arises in liver tissue that has been injured
because of chronic hepatitis or cirrhosis; accordingly,

the impaired hepatic functional reserve often precludes
curative treatment options. Therefore, several clinical
algorithms have been proposed for the optimal selection
of HCC treatments, with consideration given to (1) the
size and number of tumors; (2) the presence of extra-
hepatic disease; (3) the hepatic functional reserve; and
(4) the performance status of the patient™. Currently,
surgical resection and liver transplantation are the two
mainstays of surgical treatment for patients with a limited
number of HCC lesions. These approaches may offer
a higher chance of a cure through the eradication of
micrometastases surrounding the main tumor, thereby
improving the recurrence-free survival rate compared
with those after ablation therapies[ﬁflol. However, the
presence of hepatitis C virus (HCV) is significantly
related to a poor survival outcome, compared with other
etiologies of HCC, among patients undergoing liver
resection'"" or liver transplantarjonlml. Therefore, careful
petioperative management is required for patients with
HCV-related HCC.

Because persistent viremia and active hepatitis after
surgical resection are thought to be potent risk factors
for progressive histopathologic injury and multicentric
carcinogenesis in the underlying liver, adjuvant antiviral
therapy is theoretically preferable after curative treatment
for HCV-related HCC. Nevertheless, only a few lines of
evidence regarding the efficacy of postoperative antiviral
therapy are available!*" partially because of the limited
indication for conventional high-dose antiviral therapy
among eldetly or cirrhotic patients and the genetic
variability of HCV, which determines its refractoriness
to interferon (IFN)-based combination therapies. In the
present era of new direct-acting antiviral agents (DAAs),
howevert, the virologic response rate has been dramatically
improved"""” and these new drugs may change the
current perioperative management of HCV-related

WJH | www.wjgnet.com

JRaishideng®

71

Shindoh J et a/. Surgery for hepatitis C-related HCC

HCC. The purpose of this review was to summarize
the clinical features of HCV-related HCC, to clarify the
current clinical problems, and to discuss optimal surgical
approaches based on reported evidence.

RESEARCH

The MEDLINE electronic database for English-language
articles was searched for reports published between
January 1991 and October 2014 by using the keywords
“hepatocellular carcinoma”, “hepatitis C”, and “surgery”.

The reference lists of the relevant articles were also
scanned for additional studies.

CLINICAL FEATURES OF HCV-RELATED
HCC

Differences in the etiologies and pathogenic mechanisms

of carcinogenesis may reflect the clinical characteristics
of HCC!'"™™, Hepatitis C is one of the leading causes
of HCC™ and a Japanese nationwide survey performed
by the Liver Cancer Study Group of Japan (LCSGJ)
reported that 67.7% of patients with HCC were positive
for hepatitis CP". Patients infected with HCV reportedly
have a higher risk of HCC compated with those infected
with HBV®?, This situation can probably be explained
by the fact that no effective treatment for hepatitis C that
can be used for all patients with minimal adverse events
has been available until recently.

When a patient is diagnosed as having HCC, the
current clinical algorithms“’s’zﬂ offer similar therapeutic
options irrespective of the etiology of the disease. However,
several studies have reported that HCC emerging on a
background of viral hepatitis was associated with a poorer
long-term survival, compared with HCC without viral
hepatitis[%’z()]. A recent large cohort study from LCSGJ has
shown that hepatitis C infection is a significant prognostic
factor and that HCV-related HCC was associated with
poorer survival outcomes in terms of both the recurrence-
free survival rate and the overall survival rate after surgical
resection, compared with those of HCC patients without
viral hepatitism.

Given these natural history and clinical features of
HCV-related HCC, the management of patients should
be considered in terms of the following 3 steps: (1)
treatment BEFORE emerging HCC; (2) treatment FOR
HCC; and (3) adjuvant management AFTER treatment
for HCC.

MANAGEMENT OF PATIENTS WITH
CHRONIC HEPATITIS C INFECTION-
TREATMENT BEFORE EMERGING HCC

A recent meta-analysis has reported that a sustained
virologic response (SVR) after treatment for HCV is
associated with a reduced incidence of HCC at any stage

of fibrosis™. Conventionally, combination therapy using
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Intrahepatic micrometastases

Figure 1 Concept of anatomic resection of the liver. This schema shows
an example of resection for hepatocellular carcinoma located in ventral part
of Segment VII. The line A-A’ indicates non-anatomic limited resection with
adequate surgical margin and the line B-B’ represents anatomic resection of
ventral part of Segment VII. Because the “tumor-bearing” portal territory is at
high risk of harboring micrometastases scattered via portal veins, systematic
removal of the corresponding portal region would offer higher chance of
eradicating cancer cells. T: Tumor; P8v: Ventral branch of Segment VI portal
pedicle; P8d: Dorsal branch of Segment VII portal pedicle; MHV: Middle hepatic
vein; V8i: Intermediate vein for Segment VII.

IFN and ribavirin has been used for patients with chronic
active hepatitis C. However, the SVR rate associated
with the conventional IFN-based treatment was not
satisfactory because of the high prevalence of HCV
genotype 1b which is associated with a poor response
to anti-viral therapy. Also, adverse effects such as fever,
pancytopenia, interstitial pneumonia, and depression,
frequently preclude treatment with an adequate intensity
and duration in elderly and cirrhotic patients.

However, with the recent introduction of DAAs, the
SVR rate of HCV has changed dramatically, and adverse
events caused by conventional IFN-based therapies have
been avoided using these new IFN-free regimensmm.
Although the efficacy of these new drugs with regard
to the incidence of HCC needs to be clarified in the
near future, anti-viral treatment is recommended for all
patients with serologically positive hepatitis C based on
the expected reduction in the carcinogenic potential of
the underlying liver tissue.

TREATMENT ALGORITHM FOR HCC AND

INDICATIONS FOR SURGERY

When HCC is diagnosed incidentally or during a follow-
up examination for chronic liver disease, the optimal

treatment options are selected according to the oncologic
and physical status of the patient. In the Barcelona Clinic
Liver Cancer (BCLC) algorithm[s’zsl, surgical resection is
indicated for patients with a good performance status
and solitary HCC when there is no evidence of portal
hypertension. Liver transplantation is recommended for
patients with HCC who meet the Milan criteria (solitary
tumor < 5 cm or < 3 tumors with each tumor < 3
cm) b1 regardless of the hepatic functional reserve. In the
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guideline for liver cancer treatment proposed by the Japan
Society of Hepatologyw, surgical resection is currently
indicated for Child-Pugh class A or class B patients with
HCC less than or equal to 3 nodules irrespective of the
size of each tumor, while liver transplantation is limited
to only Child-Pugh class C patients who meet the Milan
criteria.

LIVER RESECTION FOR HCC

Liver resection is usually indicated for patients with
oligonodular HCC and a preserved hepatic functional
reserve ™). Portal hypertension is basically considered
to be a contraindication for surgery. However, favorable
surgical outcomes have also been reported in a carefully
selected population with portal hypertension who
received meticulous perioperative managementml. The
basic principles of liver resection are not influenced by
the etiologies of HCC. However, careful preoperative
assessment and surgical planning are needed to maximize
both the surgical curability and the safety of the surgery.
To secure the curability of surgery, an accurate preo-
perative assessment of the tumor extent is important.
Dynamic computed tomography (CT) and enhanced
magnetic resonance imaging (MRI) can sensitively delineate
HCCs, and ultrasonography allows surgeons to confirm
the three-dimensional (3-D) relationship between the
tumors and the surrounding major vascular structures. In
these imaging studies, the location of the tumor should
be described according to the Couinaud’s classification
of liver segments for the adequate selection of surgical
maneuvers. Because HCC tends to spread vz portal veins,
the “anatomic resection” of the tumor-bearing portal
territory (Figure 1) is a theoretically reasonable approach
for HCC. Although the true efficacy of anatomic
resection remains uncertain, various studies have reported
a superior outcome after anatomic resection with an

apparently lower rate of local recurrence, compared with
33.35]

non-anatomic limited resections of the liver'

Next to these accurate assessments of tumor distri-
bution and the selection of a surgical maneuver for a
cure, the risk of resection should be evaluated using
systematic volumetry and hepatic functional tests such
as the indocyanine green clearance test or ~"Tc-GSA
scintigraphy. Because the excessive removal of the hepatic
parenchyma increases the risk of postoperative hepatic
insufficiency according to the quality of the underlying
livet™ ™ the extent of the resection should be balanced
between the surgical curability and the hepatic functional
reserve ™

With recent developments in 3-D simulation techni-
ques, surgical planning procedures have become easier
through the simulation of various hepatic resections on a
computer prior to surgery. This technique offers accurate
anatomic confirmation and automatic calculation of the
absolute volume of an interested part of the liver. When
planning a complex anatomic resection, preoperative
3-D liver simulation is mandatory and volume estimation

January 27,2015 | Volume 7 | Issuel |



P5vent

Total liver volume
1123 mL

Right hemihepatectomy
FLR 210 mL (18.7%)

Shindoh J et a/. Surgery for hepatitis C-related HCC

S5dor + S7 + S8 resection
FLR 662 mL (58.9%)

Figure 2 Surgical planning by three-dimensional simulation technique. The three-dimensional liver simulation enables virtual hepatectomy and volume
estimation of future liver remnant (FLR). In this case, a large hepatocellular carcinoma is located in segment 7 and 8, and partially extending to dorsal part of segment
5. Right hemihepatectomy is impossible due to very small FLR volume. However, when preserving the territory fed by a thick ventral branch for segment 5 (P5vent)
and segment 6, the tumor is resectable leaving sufficient volume of the liver parenchyma. S5vent: Ventral part of segment 5; S5dor: Dorsal part of segment 5; S8vent:

Ventral part of segment 8; S8dor: Dorsal part of segment 8.

using the simulation software is helpful in determining the
surgical indications, especially for patients with a marginal
hepatic functional reserve (Figure 2).

LIVER TRANSPLANTATION FOR HCC

Liver transplantation is a reasonable approach with a

theoretically higher chance of tumor eradication, especially
in patients with severe hepatic dysfunction. The clinical
outcomes of liver transplantation for HCC were initially
poor in the eatly era of this treatment'*?, However, since
the publication of the landmark study by Mazzaferro
et al’"" it has become widely recognized that preferable
survival outcomes can be expected in a selected population
with a limited tumor size and number of HCCs (Milan
criteria). Nowadays, these criteria have been extended
including tumor markers or biopsy findings in several high-
volume transplant centers™,

Several studies have suggested that HCV infection
has an additional negative impact on the outcomes of
patients undergoing transplantations for HCCP™, and
other studies have reported similar survival outcomes
in HCV and non-HCV patients with HCC®*, Small
sample sizes, heterogeneous populations, and non-
adjustments for multiple confounders in liver transplant
recipients may explain these variations in observations.
However, both HCC and HCV seem to have a deleterious
impact on long-term patient and graft survival. Dumitra
et al”” reviewed 601 liver transplant recipients and
reported that the coexistence of HCC and HCV had the
largest deleterious impact on the long-term survival rate,
doubling the risk of mortality after liver transplantation.

With the introduction of DAAs, however, the
safety and efficacy of protease inhibitors compared
with conventional combination therapy with IFN and
ribavirin have been reported in patients undergoing liver
transplantation for hepatitis CP. Because the deleterious
effect of HCV can be attributed to uncontrollable
viremia after transplantation, these new effective drugs
could improve the long-term outcomes of liver transplant
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recipients complicated with HCC and end-stage liver
disease.

SIGNIFICANCE OF POSTOPERATIVE HCV
VIRAL LOAD AND ADJUVANT ANTI-
VIRAL THERAPY

Although adequate surgical intervention contributes to

an improvement in long-term survival, the postoperative
management of hepatitis C is also important for patients
with HCV-related HCC. After liver resection, HCC shows
two modes of recurrence: recurrence from residual
intrahepatic micrometastases, and neocarcinogenesis in
the underlying liver. The former type of recurrence can be
reduced by adequate surgical maneuvers and the complete
removal of the hepatic parenchyma, including both the
main tumor and the surrounding latent micrometastases,
while the latter type of recurrence is closely associated
with the carcinogenic potential of the underlying liver
itself. Because sustained viremia is associated with chronic
histopathological injury and an increased risk of tumor
recurrence and a poor survival outcome™”! adjuvant anti-
viral therapy may be preferable for patients with a positive
serology for HCV.

Recent meta-analyses have revealed that postoperative
IFN treatment for HCV-related HCC prevents HCC
recurrence and improves survival>". Conventionally, the
eradication of HCV and a sustained status of undetectable
HCV-RNA have been regarded as the most important
factors for obtaining better clinical outcomes. However,
a recent study based on a prospective population has
revealed that a lower HCV viral load itself predicts
better long-term surgical outcomes in patients with HCC
regardless of the serologic eradication of HCV (Figure
3)"%U Therefore, postoperative antiviral therapy with
individually adjusted intensities might be advantageous
for reducing HCC recurrence, even among patients who
cannot tolerate the currently used standard high dose anti-
viral therapy.
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Figure 3 Cumulative recurrence rate (A) and cumulative overall survival (B) curves of low and high viral load groups stratified according to the results of
hepatitis C virus RNA quantification. (Adapted from Shindoh et af*” with permission).

After liver transplantation, the control of HCV
infection is also necessary for the protection of the liver
graft. Although the risk of tumor recurrence is relatively
low as long as the patient meets the Milan criteria, re-
infection with HCV is inevitable, and the rapid progression
of graft fibrosis toward cirrhosis is sometimes observed
because of the active HCV infection that occurs under
the immunosuppressive conditions. As for the efficacy
of prophylactic anti-viral therapy during the early
posttransplant period, a recent multicenter randomized
study denied its efficacy in terms of patient/graft survival
rates'®; therefore, most Western surgeons do not support
the routine use of preemptive antiviral therapy. However,
this study was performed prior to recent effective
combination therapies with DAAs, and the reported SVR
rate was only 22%. The University of Tokyo has recently
reported that preemptive antiviral therapy is feasible,
with acceptable tolerance and an end-of-treatment
response rate of 56% and SVR rates of 44% under a
strict treatment protocolm]. Several recent studies have
also reported that patients who achieved an SVR after
antiviral therapy showed significantly better patient/graft
9% " Given the improved SVR rates that
have been achieved in the era of DAAs, prophylactic
treatment during the early post-transplant period may
be able to reduce the HCV viral load effectively and to
suppress histopathological injury to grafted livers.

survival rates

CONCLUSION

Hepatitis C infection is associated with a poor survival
outcome after surgical resection and liver transplantation
for the treatment of HCC. Because chronic infection
with HCV and increased carcinogenic potential of the
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underlying liver are the main reasons for the poor survival
outcome after liver resection, adjuvant anti-viral therapy
at an individually adjusted intensity may be important
for achieving a longer survival period after surgery. Liver
transplantation offers a higher chance of cure for HCC,
regardless of the hepatic functional reserve. However,
post-transplant re-infection with HCV is troublesome and
sometimes causes the rapid progression of liver damage,
resulting in graft failure. Although only a few lines of
solid evidence have been available for postoperative
antiviral treatment because of limited indications and
frequent adverse events caused by the conventional high-
dose combination interferon therapy, new DAAs enable
interferon-free anti-viral treatment with a higher virologic
response and minimal side effects.
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