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Abstract: During the last two decades, there has been a dramatic increase in so-called non-B non-C hepatocellular
carcinoma (NBNC HCC) in Japan. Majority of NBNC HCC are considered as so-called metabolic HCC and some
could be related to occult HBV infection. Although there have been some reports on histological features predominant
in metabolic HCC, very few specific driver genes for NBNC HCC have been reported. Most of the NBNC HCC are
found incidentally and are relatively large in size. Since liver function is generally normal or subnormal, such patients
have a higher chance for undergoing curative surgery. Although there has been slightly conflicting long-term outcomes
reported for NBNC HCC, slightly better outcomes may be expected compared to other etiologies after curative surgery.
However, risk of recurrence depends on the background liver. NBNC HCC in cirrhotic patients have a persistently
higher risk of tumor recurrence requiring a long-term postoperative surveillance. It would be safe to conclude at this
moment that NBNC HCCs should be treated using the same surgical strategy as HCCs with viral origin, same operative
indications and same follow-up protocol.
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Introduction survey (Figure 2). Since average age of HCV derived
HCC patients is one of the oldest among all etiology
More than 70% of cases with hepatocellular carcinoma subgroups (2,3) and incidence of carcinogenesis

(HCC) in Japan have long been from hepatitis C origin increases by age (4), HCV-HCC population who
(C-HCC) followed by hepatitis B (B-HCC) and other benefits by curative surgery may shrink rapidly in the

etiology. These etiological features in Japan have been near future. In contrast, proportion of NBNC HCC in
very unique in East Asia where most of the HCCs are surgical candidates has been steadily increasing and
derived from hepatitis B. Since the century changed, have outnumbered HCV-HCC patients in the recent few

however, the proportion of so-called non-B and years (Figure 3).

non-C HCC (NBNC HCC) has dramatically increased

whereas C-HCC decreased significantly and B-HCC NASH/NAFLD as a cause of NBNC HCC

is unchanged (Figure 1) (/). Acting antivirals (DAA)

treatment for hepatitis C virus (HCV) was introduced According to the INUYAMA NOBLESSE Study group

with the coverage by social insurance and the special report covering 5,326 NBNC HCC patients in Japan,

subsidy program for anti-viral treatment around 2014, major etiologies for NBNC HCC were alcohol (27%),

and most of the infected patients in Japan have enjoyed nonalcoholic fatty liver disease (NAFLD) (11%)

the benefit of DAA treatment. Incidence of de novo followed by primary biliary cholangitis (PBC) (6%)

HCC in HCV infected patients is therefore expected to and autoimmune hepatitis (AIH) (6%) (5). However,

decrease in the next decade. more than half (54%) of the cases has an unclassified
Another significant change in HCC patient etiology and many of them could be so-called metabolic

background is aging. According to nation-wide biannual HCC related to metabolic syndrome including

HCC survey by the Liver Cancer Study Group of Japan diabetes mellitus, central obesity, hypertension, and

(LCS@G]J), average age of new HCC patients has been dyslipidemia. Globally speaking, prevalence of obesity

steadily increasing up to 69 years-old in the latest has not been relatively high in Japan with median

(23)
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Figure 1. Trend in background liver disease for HCC in
Japan (/).
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Figure 2. Average age of HCC patients diagnosed in Japan
(Nation-wide survey by Japanese Study Group of Liver
Cancer 1984-2007).

body mass index (BMI) under 25 in both sexes (6).
However, because of recent Westernization of food and
other habits, increasing obesity and metabolic related
diseases (metabolic syndrome) have been recent issues
in Japan especially in males. Actually, prevalence of
NAFLD jumps up when BMI exceeds 26 (6). Thirty to
40 % of Japanese males are estimated to have NAFLD
and fibrosis may progress very slowly in approximately
30% of cases (7). Once cirrhotic liver is established,
annual HCC development is estimated to be around 2%.

Occult HBV infection as a cause of NBNC HCC

Another important etiology for NBNC HCC is so-called
occult HBV. Occult HBV or history of previous HBV
infection is defined by positive anti-hepatitis B core
antibody (HBcAb) with negative hepatitis B surface
antigen (HBsAg). Although HBcAb is not routinely
tested in daily practice in most of the specialized
institutions for HCC in Japan, occult HBV infection
may consist of 30-40% of NBNC HCC in Japan (9).
It is well known that even a history of HBV infection,
i.e. positive HBcAb and negative HBsAg, can be a risk
factor for HCC among patients with negative serology
results for active HBV infection (8-/0). Since 2002,
we have started to routinely test HBc antibody for all
patients undergoing liver resection at the University
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Figure 3. Etiological trend in HCC patients undergoing
liver resection at the University of Tokyo (1994-2016).

of Tokyo Hospital. Incidence of occult HBV infection
among surgical candidates was 29.0% (45/155) (2).

Genomic study

Although various etiologies and the number of gene
signatures that have been identified recently (17),
the global landscape of the genetic changes in HCC
genomes underpinning different epidemiological
backgrounds still remains uncharted (/2). Recent HCC
genome sequencing research covering 503 liver cancer
genomes uncovered 30 candidate driver genes and 11
core pathway modules. They found that telomerase
reverse transcriptase (TERT) is a central driver
gene and promising molecular target. Furthermore,
they identified frequently mutated genes including
TP53 and CTNNBI1 (b-catenin) (/3). The Cancer
Genome Atlas (TCGA) projects have revealed that
HCC contains intra- and inter-tumor heterogeneity
with numerous passenger mutations (/4). It is thus
suggested that different combinations of mutations
contribute to the development of HCC. There are very
few altered genes specific to NBNC HCC. They only
reported that ARID1A mutation was more frequent
while AXIN1 mutation was infrequent in NBNC HCC
genomes. At present, there are no molecular targeted
agents specifically effective to NBNC HCC. By using
genome-wide random mutagenesis with Sleeping
Beauty transposons, Kodama et al. reported that Savl
is one of the candidate driver genes in steatohepatitis-
based HCC (/35). Integrated analysis, covering exome,
transcriptome, methylome and high-throughput screens
shed light on inhomogeneous profiles of individual
HCC nodules in the whole liver, resulting in the
establishment of next-stage etiology-specific molecular
targeted therapy against HCC.

Steatohepatitic HCC

Steatohepatitic HCC (SH-HCC) is a recently
established histological subcategory of HCC associated
with the patient’s metabolic condition and the presence
of steatosis or steatohepatitis in the background
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liver. Histological diagnostic for SH-HCC is made
when the tumor fulfills four of the following five
criteria: steatosis (> 5% tumor cells), ballooning or
Mallory—Denk body formation, interstitial fibrosis
and inflammatory infiltrates (/6,77). SH-HCC is
not equal to either NBNC-HCC, metabolic HCC, or
NAFLD derived HCC. However, patients with SH-
HCC were characterized by a higher frequency of
diabetes mellitus and hypertension, along with higher
serum levels of cholesterol and triglycerides, than those
with conventional HCC (/8). The background liver of
SH-HCC patients showed steatosis and steatohepatitis
more frequently. Although there has not been sufficient
evidence to conclude prognostic features of SH-HCC,
so far, there seems to be no significant differences
compared to other histological types of HCC.

Surgical strategy for NBNC HCC

Surgical indications for NBNC HCC have been
essentially the same as that for HCC with other
etiologies. RO resection with negative surgical
margin is a basic strategy and anatomic resection is
recommended whenever possible because of potential
eradication of micrometastases in the tumor-bearing
portal territory (/9). Substantial surgical margin is not
always achievable and because of the non-invasive
and well-encapsulated nature of HCC, minimal or zero
surgical margin without tumor exposure is considered
acceptable with a non-inferior surgical outcome (20).
Safety limit of liver resection is determined by the
degree of liver functional reserve represented by the
presence of ascites and jaundice, and the indocyanine
green (ICG) retention test. These criteria are known as

so called "Makuuchi criteria" and they assure a very
low surgical mortality (Figure 4) (21,22).

Typical recent cases

Case I: A 67-year-old male on a routine medical checkup
and chest X-ray examination revealed an elevation
of right diaphragm. Subsequent CT showed a tumor,
10 cm in diameter, in the right liver (Figure 5A). He
was diabetic (HbAlc: 9.7%) and hypertensive. Alfa
fetoprotein (AFP) was normal, but DCP (PIVKA-II) was
3,517 mAu/mL. HBcAb was negative. Child-Pugh score
5 and ICG retention rate at 15 min (ICG-R15) was 6.8%.
He underwent right hepatectomy. Pathological findings
were: Moderately to poorly differentiated hepatocellular
carcinoma, 11 x 8 x 7 cm, eg, fc(-), sf(+), vp0, vvO0,
b0. Background liver was normal. He is fine with no
evidence of disease for 21 months.

Case 2: A 72-year-old female was diagnosed to have
a renal cyst and follow-up US detected a liver tumor.
AFP was 9,303 ng/mL and DCP (PIVKA-II) was 672
mAu/mL. HBcAb was negative. A contrast enhanced CT
revealed a 6 cm mass in the caudate lobe (Figure 5B).
She had a history of hypertension and hyperlipidemia.
She underwent left hepatectomy. Pathological findings
were: Well- to moderately differentiated hepatocellular
carcinoma, 6.7 x 5.5 x 4.9 cm, eg, fc(+), sf(+), vp0, vvO0,
b0. Background liver was mild fibrosis (F1). She is fine
with no evidence of disease for 11 months.

Case 3: A 68-year-old male had a history of
hypertension and hyperlipidemia. He suddenly
developed severe abdominal pain and he was transferred
by ambulance to ER. An emergent contrast enhanced CT
revealed a large enhancing mass, 17 cm in diameter, in
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Figure 4. Makuuchi Criteria: Decision criterion for selection of operative procedures in patients with impaired liver
function reserve. To convert total bilirubin from milligrams per deciliter to micromoles per liter, multer, multiply by 17.1 ICG15
indicates indocyanine green retention rate at 15 minutes (27,22).

(25)
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Figure 5. Contrast enhanced CT. (A), Case 1 showing a large HCC with mosaic pattern; (B), Case 2 showing a 6 cm sized
tumor in the caudate lobe; and (C), Case 3 showing a large HCC in the right liver and intra-abdominal fluid collection.

the right liver and intraabdominal fluid collection (Figure
5C). AFP was 4,237 ng/mL and DCP (PIVKA-II) was
111,669 mAu/mL. Rupture of an HCC was suspected and
he underwent TACE followed by right hepatectomy with
a 3-day interval. Pathological findings were: Moderately
differentiated hepatocellular carcinoma, 11.8 x 10.5 x 8.0
cm, eg, fc(+), sf(+), vp0, vvl, b0. Background liver was
chronic hepatitis with mild fibrosis (F1, A2). He is fine
with no evidence of disease for 8 months.

Short-term outcome after liver resection

Operative morbidity or mortality depends on liver
function and comorbidities. Since NBNC HCC patients
are frequently associated with obesity and so-called
metabolic diseases including diabetes mellitus, central
obesity, hypertension, and dyslipidemia, presence of
such comorbidities may affect short-term outcomes.
Yoshida et al. reported significantly higher incidence of
postoperative complications in patients with metabolic
HCC compared with those with cryptogenic HCC (40.0
vs. 22.7 %, p = 0.049) (Yoshida (23)). Several authors in
the US have reported a near two-fold increased risk of
complications among patients with obesity and metabolic
HCC (Bhayani (24), Mathur (25), Pawlik (26)). As a
basic perioperative management, all comorbidities in
NBNC HCC patients should be precisely evaluated and
controlled in a multi-discipline approach.

Long-term outcome after liver resection

Although there have been a number of reports on
the long-term outcome of NBNC HCC or metabolic
HCC, whether the long-term outcome of such HCCs
is better than or comparable to that of HCC with other
etiologies has not been conclusive (Wakai (27), Reddy
(28), Kaneda (29), Yoshida (23), Vigano (30)). These
discrepancies in the literature may be because of
differences in background liver and in the etiologies of
the control groups.

According to a nation-wide survey in Japan
covering 57,450 HCC patients (Jan. 2000 to Dec.
2005), 9,307 patients were identified as NBNC HCC.
Occult HBV infection was not excluded because HBc

(26)

Ab was not routinely tested in most of the centers.
After excluding those with extrahepatic disease or
Child-Pugh C status and those undergoing other
treatments, 4,741 NBNC HCC patients underwent the
3 major treatments, liver resection (HR: 2,827 cases)
Radiofrequency ablation (RFA: 432 cases), and trans-
arterial chemoembolization (TACE: 1,437 cases). As
expected, the degree of liver damage in the HR group
was significantly lower than that in the RFA and TACE
groups. On the other hand, the HR and TACE groups
had significantly more advanced tumors than the
RFA group. The 5-year survival rates after HR, RFA,
and TACE were 66%, 49%, and 32%, respectively.
Stratifying the survival rates, according to the TNM
stage and the Japan Integrated Staging (JIS) score (Kudo
(31)), showed the HR group to have a significantly
better long-term outcome than the RFA group in the
stage I and in the JIS scores "1" and "2." Figures 6 A
and B shows comparisons of overall survival according
to treatment modalities in stage II with multiple tumors
(A) or in stage II with > 2 cm tumors (B). HR offered
significant prognostic advantages over TACE and RFA
(Utsunomiya 2014 (3)).

Using the same national registry data, patient
outcomes after HR was analyzed according to the
etiology of HCC (Utsunomiya 2015 (32)). Of the
11,950 HCC patients undergoing HR, 2,194 were HBV
derived HCC, 7,018 were HCV derived HCC, and 2,738
were NBNC HCC. Patients with both HBV and HCV
infection (n = 309) were excluded. Liver function in the
HCYV positive group was significantly worse than that in
the HBV positive and NBNC HCC groups. The NBNC
HCC group had significantly more advanced disease
than other groups probably because they are not on the
surveillance program. The 5-year overall survival rates
after HR in the HBV-HCC, HCV-HCC, and NBNC HCC
groups were 65%, 59%, and 68%, respectively. The
S-year recurrence-free survival (RFS) rates in these 3
groups were 41%, 31%, and 47%, respectively (Figures
6 C, D). After stratification according to the TNM stage,
the NBNC HCC group had a significantly better RFS
than the HBV HCC group in stages II, III, and IVA, and
significantly better than the HCV-HCC group in stages
I and II. Multivariate analysis revealed a significantly
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Figure 6. (A,B), OS for NBNC HCC (multiple or > 2cm) according to treatment options in Japan; (C,D), OS and RFS
after liver resection for HCC according to viral status in Japan; (E,F, and G), Impact of background liver on RFS after
liver resection for HCC according to viral status in Japan (Nationwide survey by Japanese Study Group of Liver Cancer

2000-2005) (3,32).

better RFS in the NBNC HCC group. They concluded
that patients with NBNC HCC had a significantly lower
risk of tumor recurrence than those with HBV and HCV
derived HCC. However, tumor recurrence significantly
depended on the histology of background liver regardless
of the etiology. RFS curves of NBNC HCC in cirrhotic
liver persistently went down to 36% at 5 years suggesting
the need for long-term surveillance after resection (Figure
6E, F,G).

As mentioned above, the national registry data do
not include information on HBc Ab status to differentiate
occult HBV infection. Omich reported a single center
series of resectable NBNC HCC including this important
information (Omichi (2)). They have compared
outcomes of curatively resected HCC according to viral
status, HCV (n = 260), HBV (n = 111), occult HBV
(Positive HBc-Ab, n = 45), or pure NBNC HCC (n =
110). Long-term outcomes (OS and RFS) of pooled
NBNC HCC (pure NBNC plus occult HBV) groups
was not significantly different from those for HCV or

27

HBYV groups. However, OS and RFS for positive Hbc-
Ab NBNC HCC (occult HBV) was significantly better
than that of HCC with other etiologies including pure
NBNC (Figure 7A, B). The positive Hbc-Ab NBNC
HCC group had slightly favorable prognostic factors, i.e.
higher proportion of well-differentiated HCC, a lower
level of AFP, and a globally better functional reserve.
Another reason for better outcomes for the positive Hbc-
Ab NBNC HCC (occult HBV) would be very low (trace
level) viral load compared to that for the HBV HCC
group, because it is well-known that HBV viral load
itself affects long-term outcome of HBV derived HCC
(Yeo (33), Zhou (34)). Since serum HBV DNA data were
not available, reasons for the better outcome for positive
Hbc-Ab NBNC HCC (occult HBV) warrants further
investigation. However, it would be safe to conclude
that NBNC HCC patients (especially pure NBNC) are
persistently at higher risk of recurrence for at least 10
years even after curative resection, thus requiring life-
long surveillance.
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Figure 7. OS (A) and RFS (B) after liver resection for HCC according to viral status at the University of Tokyo (2002-2010) (2).

Conclusion

In conclusion, NBNC HCC is increasing in Japan
particularly in surgical candidates. The majority of
NBNC HCC in Japan are considered as so-called
metabolic HCC and some could be related to occult HBV
infection. Most of the NBNC HCC are found incidentally
and are relatively large in size. Liver function is
generally normal or subnormal thus providing a higher
chance for curative surgery. Slightly better long-term
outcomes may be expected compared to other etiologies,
however, risk of recurrence depends on background liver.
So far, NBNC HCCs should be treated with the same
surgical strategy as HCCs of viral origin, same operative
indications and same follow-up protocol.
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