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Nonalcoholic non-virus-re
lated hepatocellular
carcinoma arising from nonsteatotic liver
Clinical and pathological features
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Abstract
Nonalcoholic non-virus-related hepatocellular carcinoma (NANV-HCC) is considered to occur in steatotic livers; however, emerging
evidence indicates that a subset of NANV-HCC occurs in nonsteatotic livers. Currently, little information is available regarding this
subset. This study sought to provide the clinical and pathological features of NANV-HCC in nonsteatotic livers.
We retrospectively investigated the clinicopathological features of 101 consecutive patients with NANV-HCC treated with a

curative-intent hepatectomy. A background liver with<5% steatosis by area was regarded as a nonsteatotic liver. Survivals of patient
subgroups were estimated using the Kaplan–Meier method, and log-rank tests were conducted to assess the survival difference.
Multivariate analysis was performed with the Cox proportional hazards method.
Overall, 34 of 101 patients with NANV-HCC were found to have a nonsteatotic liver. Vascular invasion of the tumor was more

frequently observed in patients with a nonsteatotic liver than in those with a steatotic liver (P= .03). The extent of lobular inflammation
and fibrosis did not differ between patients with and without steatosis in the liver. NANV-HCC with a nonsteatotic liver was
independently associated with a shorter disease-free survival (DFS) (hazard ratio [HR] 2.14; 95% confidence interval [CI] 1.21–3.80;
P= .009) and a shorter overall survival (OS) (HR 2.79; 95% CI 1.27–6.16; P= .01) than NANV-HCC with a steatotic liver.
The absence of steatosis in the liver is independently associated with shorter DFS andOS in patients with NANV-HCC. Our findings

indicate that nonsteatotic liver can be a surrogate phenotype of aggressive NANV-HCC.

Abbreviations: BMI = body mass index, CI = confidence interval, DFS = disease-free survival, DL = dyslipidemia, DM = diabetes
mellitus, HBV = hepatitis B virus, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, HR = hazard ratio, HT = hypertension,
NANV-HCC = nonalcoholic non-virus-related HCC, NASH = nonalcoholic steatohepatitis, OS = overall survival.

Keywords: disease-free survival, hepatocellular carcinoma, hepatectomy, overall survival, steatosis
1. Introduction
Hepatocellular carcinoma (HCC) is the fifth most frequently
diagnosed cancer and the fourth leading cause of cancer-related
death in the world.[1,2] Chronic liver inflammation caused by
hepatitis B virus (HBV) infection or/and hepatitis C virus (HCV)
infection is known to be the primary cause of HCC. Recent
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epidemiological studies confirm that the incidence of hepatitis
virus-relatedHCChas decreased in Japan due to advances inHBV
and HCV treatment and the prevention of virus transmission.
However, the incidence of non-virus-relatedHCChas increased.[3]

The pathogenesis of HCC in the context of the absence of HBV
or HCV infection is not fully understood. Although chronic
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alcohol intake is a well-known classical risk factor,[4] more
recently, metabolic syndrome and its related disorders have been
recognized to increase the risk of non-virus-related HCC.[5–7]

HCC related to metabolic syndrome has been considered to be
derived from a steatotic liver.[8–10] However, it can also develop
in a nonsteatotic liver,[11] and hepatic steatosis is not always
present. Several studies regarding nonalcoholic non-virus-related
HCC (NANV-HCC) with a steatotic liver have been reported;
however, few reports are focusing on NANV-HCC with a
nonsteatotic liver. Therefore, the differences in clinical and
pathological features between NANV-HCC in nonsteatotic livers
and that in steatotic livers are poorly understood.
With the progression of steatohepatitis, the degree of steatosis

and inflammatory cell infiltration is known to decrease in the
background liver.[12] Thus, in nonsteatotic livers, it is difficult to
distinguish whether there has been no steatohepatitis from the
beginning or if the initial presence of steatohepatitis has
disappeared over time.[13] Steatohepatitis eventually progresses
to cirrhosis with little steatosis, which can lead to a failure to
identify steatohepatitis as the cause of cirrhosis. The majority of
recognized cryptogenic cirrhosis, in which 30% to 40% of
patients develop HCC,[14] is considered to be derived from
steatohepatitis due to the similarity of clinical features.[13,15]

Therefore, nonsteatotic liver includes a wide range of clinical
variation.
Regardless of the etiology, surgical resection is the preferred

treatment for localized HCC in patients without liver dysfunc-
tion.[16,17] However, a high recurrence rate after surgical
resection is a constant source of concern. Most recurrences of
HCC are intrahepatic, and the likelihood of recurrence is
associated with the condition of the liver. The presence of fibrosis,
especially cirrhosis, is a major prognostic factor of recurrence
after a curative-intent hepatectomy for virus-related HCC.[18]

However, in patients without alcoholic abuse and hepatic virus
infection, HCC often develops in non-cirrhotic liver,[19] and the
fibrotic condition of the liver has little prognostic impact.
Histological features to contribute to the development of a risk
stratification system for recurrence in patients with NANV-HCC
are needed.
This retrospective study investigated the impact of the

condition of liver steatosis on surgical outcomes and its
association with comorbidity of metabolic syndrome and
pathological features of NANV-HCC.
2. Materials and methods

2.1. Patients

A total of 415 adult HCC patients underwent R0 resection at the
Cancer Institute Hospital of Japanese Foundation for Cancer
Research (JFCR) in Tokyo, Japan, between January 1, 2005, and
December 31, 2016. Patients who did not have prior treatment
for HCC, histories of HBV or HCV infection, and alcohol abuse
were eligible. To minimize the effect of pre-existing liver disease,
we excluded patients with congenital and chronic liver diseases,
such as inherited enzyme deficiency diseases, primary biliary
cholangitis, autoimmune hepatitis, primary biliary cholangitis-
autoimmune hepatitis overlap syndrome, and hemochromatosis.
The remaining 101 were included. The protocol of this
retrospective study was approved by the ethical committee of
JFCR (approval number 2017–1136). Informed patient consent
specific to this study was waived for this retrospective study.
2

2.2. Data collection

Clinical records of all the patients were re-evaluated, and the
following data were collected:
1.
 Basic characteristics including height, body weight, and sex at
the preoperative assessment.
2.
 Daily alcoholic consumption, and history of disease including
diabetes mellitus (DM), dyslipidemia (DL) (hypercholesterol-
emia and hypertriglyceridemia), hypertension (HT), and
alcoholic hepatitis. Alcohol abuse required the consumption
of 30g/day by men and 20g/day by women or a past medical
history of chronic liver injury due to alcohol. Drug treatment
for DM, DL, and HT was an alternative indicator.
3.
 Current medication for those diseases.

4.
 Preoperative serum markers including HBV surface antigen,

HBV surface antibody, HBV core antibody and/or HBVDNA,
HCV antibody and/or HCV-RNA, aspartate aminotransfer-
ase, alanine aminotransferase, platelets, and alpha-fetopro-
tein.

The presence of DM, DL, HT, and alcoholic hepatitis was
confirmed by patient self-reporting system and reviewing patient
referral documents. Body mass index (BMI) was calculated based
on kg/m2 and obesity was defined as a BMI ≧25kg/m2.
2.3. Pathological evaluation

The pathological evaluation was conducted using hematoxylin
and eosin-stained 4mm serial sections of formalin-fixed and
paraffin-embedded tissue. The diagnosis of HCC followed the
fourth edition of the World Health Organization criteria.[20] For
the evaluation of the background liver, liver tissue sections that
do not contain tumors were used to minimize any influences from
them. Steatotic condition, lobular inflammation, and hepatocyte
ballooning were evaluated based on Kleiner criteria.[21] Fibrosis
was evaluated based on the Brunt criteria.[22] The presence of
fatty change, glycogen production, bile production, and intra-
cytoplasmic inclusion bodies in tumor tissue required more than
5% of cancer cells involved.
2.4. Patient outcome

Survival was assessed until 31 December 2017. The median
follow-up was 51months (range, 4–135months). The primary
endpoint was overall survival (OS), which is the time from the
date of HCC resection to death. The secondary endpoint was
disease-free survival (DFS), which is the time from resection to
either the first recurrence or death. Contrast-enhanced computed
tomography and magnetic resonance imaging were used to
evaluate recurrence; the recurrence date was defined as the
inspection date obtained using the abovementioned imaging
modalities. In patients without recurrence, the latest imaging
inspection date was recorded as the censored data. The inspection
was carried out every 3 months after the surgery for 1 year and
every 6 months thereafter.
2.5. Statistical analysis

Statistical analyses were conducted using R version 3.3.3 (R
Foundation for Statistical Computing, Vienna, Austria). The
values of the continuous variable were reported as means and
standard deviations. Categorical values were reported as
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numbers and percentages. Between-group differences in continu-
ous variables were compared by either the Mann–WhitneyU test
or Student t test and values of categorical variables were
compared with Fisher exact test. The cumulative OS and DFS
were estimated by the Kaplan–Meier method and compared by
log-rank tests. Multivariate analyses were performed using
the Cox proportional hazards method. The hazard ratio (HR)
and its 95% confidence interval (CI) were calculated. Two-tailed
P values <.05 were considered to indicate a statistical
significance.
3. Results

3.1. Clinical and pathological characteristics in patients
with NANV-HCC in nonsteatotic and steatotic liver

The patient baseline clinical and pathological characteristics are
shown in Table 1. Of 415 HCC patients treated at our hospital,
101 patients (24.3%) hadNANV-HCC. Of the 101 patients with
NANV-HCC, 34 (33.6%) had a nonsteatotic liver (Fig. 1). Grade
1 steatosis (5%–33% of hepatocytes involved) was found in 39
patients, grade 2 steatosis (33%–66%of hepatocytes involved) in
21 patients, and grade 3 steatosis (>66% of hepatocytes
involved) in 7 patients. Both the steatotic and nonsteatotic liver
groups included more men than women, but the difference was
not significant (P= .13). Themean preoperative BMIwas 24.7kg/
m2, and 61.4% of patients were not obese. All patients with a
BMI<18.5 were included in the nonsteatosis group (P< .001).
Thus, emaciation is significantly associated with nonsteatotic
liver.
The mean of the values of aspartate aminotransferase, alanine

aminotransferase, and platelets in patients with NANV-HCC
were within the range of reference values, and there was no
significant difference between the two groups. Patients in the
nonsteatosis group had higher alpha-fetoprotein levels than those
in the steatosis group; however, the difference was not significant
(P= .08). These results show that a steatosis condition in the
background liver had a small impact on the levels of serological
markers.
No association between the presence or absence of steatosis in

the liver and preoperative liver function status (as measured using
the preoperative indocyanine green elimination rate) was
observed. The amount of blood loss and patients’ transfusion
requirements were similar between the two groups, and surgical
technique did not affect the rate of surgical complications. The
resected area in the nonsteatosis group was significantly larger
than that in the steatosis group (P= .005).
Tumor size, the number of tumors, and the TNM stage were

not significantly different between the two groups. Vascular
invasion was observed more frequently in the nonsteatosis group
than in the steatosis group (P= .03), whereas tumor differentia-
tion was similar between the two groups. Ballooning degenera-
tion was rarely observed in the nonsteatosis group, but was
frequently observed in the steatosis group (P< .001). NANV-
HCC with a nonsteatotic liver was more frequently observed in
the left lobe compared to the steatotic liver (P= .03). There was
no significant association between vascular invasion and tumor
location (P= .8; Supplementary Digital Content Table S1, http://
links.lww.com/MD2/A878). The extent of fibrosis and the degree
of lobular inflammation were not significantly different between
the two groups.
3

3.2. Survival impact of the absence of steatosis in the
background liver in patients with NANV-HCC

Table 2 presents the results of the univariate and multivariate
analyses of the DFS. In the univariate analysis, HR of
nonsteatotic liver to steatotic liver was 2.22 (95% confidence
interval [CI], 1.28–3.85), and a nonsteatotic liver was signifi-
cantly associated with a shorter DFS (P= .004) (Fig. 2A). Tumor
size of less than 5cm had a HR of 0.54 (95% CI, 0.32–0.93)
compared to a tumor size of equal to or more than 5cm, and the
tumor size was also significantly associated with DFS (P= .03).
Of note, in our study, comparison of the advanced fibrosis (Stage
3–4) with the nonadvanced fibrosis group (Stage 0–2) showed no
obvious significant difference between the two groups (P= .31).
For vascular invasion, no significant difference was observed,
although a tendency toward a shorter DFS was shown (P= .50).
In the multivariate analysis including the number of tumors,
tumor size, tumor differentiation, vascular invasion, steatosis
condition, and fibrosis in the liver, steatotic condition was the
only remaining variable, and a nonsteatotic liver was significantly
associated with a shorter DFS (multivariate HR=2.14, 95% CI,
1.21–3.80; P= .009). These data indicate that the absence of
steatosis was an independent risk factor for recurrence.
Among the 101 patients with NANV-HCC, 29 (28.7%) died

during the follow-up period. Twenty two (75.9%) of the deaths
were due to HCC and 7 (24.1%) were due to other causes,
including nasopharyngeal cancer, colon cancer, lung cancer,
prostate cancer, acute myeloleukemia, and acute myocardial
infarction. The OS results of the univariate and multivariate
analyses are shown in Table 3. In the univariate analysis, patients
with a nonsteatotic liver had a significantly shorter OS than those
with a steatotic liver (P= .006; Fig. 2B). Although the area of the
resected liver was significantly larger in the nonsteatosis group
than in the steatosis group, no significant association was found
between the extent of resection and OS. Thus, the area of the
resected liver had little impact on patient survival outcomes in our
study. In the multivariate analysis including the number of
tumors, tumor size, tumor differentiation, vascular invasion,
steatosis condition, and fibrosis in the liver, steatotic condition of
the liver was only a remaining variable, and the nonsteatotic liver
was significantly associated with shorter OS (multivariate HR=
2.79, 95% CI, 1.27–6.16; P= .01).
3.3. Cytological features of NANV-HCC in nonsteatotic
and steatotic background liver

An association between steatotic liver and fatty degeneration of
cancer cells has been reported in not only virus-related HCC but
also non-virus-related HCC.[23,24] Thus, we investigated the
cytological features in HCC, including fatty degeneration,
glycogen production, bile production, and the presence of
intracytoplasmic inclusion bodies of cancer cells. Fatty degener-
ation of cancer cells was present in more than half of the
nonsteatotic livers; however, the difference between nonsteatotic
and steatotic liver groups was not significant (P= .52) (Supple-
mentary Digital Content Table S2, http://links.lww.com/MD2/
A879). Similarly, glycogen and bile production and the presence
of intracytoplasmic inclusion bodies in cancer cells in the two
groups were not statistically different. Thus, the presence or
absence of steatosis in the liver did not significantly affect the
cytological characteristics in NANV-HCC in our study.
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Table 1

Baseline clinical and pathological characteristics of NANV-HCC.

Background liver steatosis

Variable Total (n=101) Absent (n=34) Present (n=67) P value

Age (yr)
∗

1.00
<65 28 (27.7) 9 (26.5) 19 (28.4)
>=65 73 (72.3) 25 (73.5) 48 (71.6)

Sex
∗

.13
Female 23 (22.8) 11 (32.4) 12 (17.9)
Male 78 (77.2) 23 (67.6) 55 (82.1)

Body mass index (kg/m2)
∗

<.001
<18.5 8 (7.9) 8 (23.5) 0 (0)
18.5–24.9 54 (53.5) 17 (50.0) 37 (55.2)
>= 25 39 (38.6) 9 (26.5) 30 (44.8)

Serological markers†

AST (U/L) 38.0 (± 21.6) 40.7 (± 28.0) 36.7 (± 17.5) .45
ALT (U/L) 34.2 (±21.1) 31.9 (± 26.0) 35.3 (± 18.3) .49
PLT (x104/mL) 20.2 (± 8.1) 20.9 (± 10.5) 19.9 (± 6.7) .58
AFP (ng/mL) 15.5 (± 54.9) 31.8 (± 73.3) 7.2 (± 41.0) .08

ICG-K† 0.143 (± 0.036) 0.141 (± 0.039) 0.144 (± 0.035) .73
Amount of blood loss (mL)† 527.2 (± 595.1) 500.4 (± 513.8) 540.7 (± 635.7) .75
Blood transfusion

∗
1.00

No 94 (93.1) 32 (94.1) 62 (92.5)
Yes 7 (6.9) 2 (5.9) 5 (7.5)

Surgical procedure
∗

.005
Partial resection 28 (27.7) 8 (23.5) 20 (29.9)
Subsegmentectomy Couinaud 21 (20.8) 2 (5.9) 19 (28.4)
Segmentectomy 24 (23.8) 8 (23.5) 16 (23.9)
Lobectomy 25 (24.8) 15 (44.1) 10 (14.9)
Extended lobectomy 3 (2.9) 1 (3.0) 2 (2.9)

TNM stage
∗

.41
IA 12 (11.9) 5 (14.7) 7 (10.4)
IB 44 (43.6) 11 (32.4) 33 (49.3)
II 38 (37.6) 15 (44.1) 23 (34.3)
IIIA 7 (6.9) 3 (8.8) 4 (6)

Number of tumors
∗

.45
1 81 (80.2) 26 (76.5) 55 (82.1)
2–3 17 (16.8) 6 (17.6) 11 (16.4)
>3 3 (3.0) 2 (5.9) 1 (1.5)

Tumor size (cm)
∗

.19
<5 66 (65.3) 19 (55.9) 47 (70.1)
>= 5 35 (34.7) 15 (44.1) 20 (29.9)

Tumor differentiation
∗

.73
Well 14 (13.9) 4 (11.8) 10 (14.9)
Moderate 66 (65.3) 24 (70.8) 42 (62.7)
Poor 21 (20.8) 6 (17.6) 15 (22.4)

Vascular invasion
∗

.03
Absence 63 (62.4) 16 (47.1) 47 (70.1)
Presence 38 (37.6) 18 (52.9) 20 (19.8)

Lobular inflammation
∗

.06
Score 0–1 54 (53.5) 23 (67.7) 31 (46.3)
Score 2–3 47 (46.5) 11 (32.3) 36 (53.7)

Ballooning
∗

<.001
Score 0 59 (58.4) 33 (97.1) 26 (38.8)
Score 1 20 (19.8) 0 20 (29.9)
Score 2 22 (21.8) 1 (2.9) 21 (31.3)

Fibrosis
∗

.06
Stage 0–2 73 (72.3) 29 (85.3) 44 (65.7)
Stage 3–4 28 (27.7) 5 (14.7) 23 (34.3)

Tumor location
∗

.03
Right lobe 62 (61.4) 15 (44.1) 47 (70.2)
Left lobe 24 (23.8) 13 (38.2) 11 (16.4)
Both lobes 15 (14.9) 6 (17.7) 9 (13.4)

AFP= alpha-fetoprotein, ALT= alanine aminotransferase, AST= aspartate aminotransferase, ICG-K= indocyanine green elimination rate, NANV-HCC= nonalcoholic non-virus-related hepatocellular carcinoma,
PLT = platelets.
∗
Data presented as n (%).

† Data presented as mean ± standard deviation.
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Figure 1. Representative nonalcoholic non-virus-related hepatocellular carci-
noma (NANV-HCC). (A) Macro image of NANV-HCC (black arrowhead) in the
steatotic liver (scale bar=10mm); (B) Low-power microscopic image of the
steatotic background liver (scale bar=2.5mm); (C) High-power microscopic
image of the steatotic background. A central vein and hepatocytes with lipids
and intracytoplasmic inclusion bodies (black arrowhead) are visible. A character
“c” represents a central vein (scale bar=100mm); (D) Macro image of NANV-
HCC (black arrowhead) in the nonsteatotic liver (scale bar=10mm); (E) Low-
power microscopic image of the nonsteatotic background liver (scale bar=10
mm); (F) High-power microscopic image of the nonsteatotic background liver.
A character “c” represents a central vein (scale bar=100mm).

Table 2

DFS analysis in patients with NANV-HCC.

Univariate analysis

Variable MDT HR 95% CI

Age (yr)
<65 1431 0.83 (0.46–1.5
>= 65 1280 Referen

Sex
Female 723 1.53 (0.83–2.8
Male 1507 Referen

Body mass index (kg/m2)
<18.5 478 2.43 (0.97–6.1
18.5–24.9 1438 0.99 (0.57–1.7
> = 25 1431 Referen

Surgical procedure
Partial resection 991 1.19 (0.27–5.2
Subsegmentectomy Couinaud 1661 0.64 (0.14–2.9
Segmentectomy 1897 0.68 (0.15–3.0
Lobectomy 525 1.54 (0.35–6.7
Extended lobectomy 1431 Referen
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3.4. Metabolic disorders in patients with and without
steatosis in the liver

Metabolic disorders reflecting insulin resistance including DM
and obesity have been recognized as risk factors for HCC.[25,26]

Steatosis in the liver is considered to be a hepatic phenotype of
metabolic disorders,[27] and to assess the possibility that the
steatotic condition in the liver could be associated with metabolic
disorders, we investigated the complication rate of the metabolic
disorders, including DM, HT, DL, and obesity (Supplementary
Digital Content Table S3, http://links.lww.com/MD2/A880).
Overall, 50.5% of patients with NANV-HCC had DM, although
the rate of DM was not significantly different between the two
groups (P= .09). Interestingly, even in the nonsteatosis group, the
prevalence of DM was 38.2%, which is 2 to 3 times higher than
the previously reported prevalence of DM in virus-related
HCC.[15,28] There was no significant difference in the rate of
HT, DL, and obesity between the two groups. However, the
presence of any metabolic disorders was significantly higher in
the steatosis group (94.0%) than in the nonsteatosis group
(70.6%) (P= .004). Although the steatosis group is more likely to
have metabolic disorders than the nonsteatosis group, the
nonsteatosis group also shows a high complication rate of
metabolic disorders. These data indicate NANV-HCC is deeply
associated with metabolic disorders regardless of steatotic
condition in the liver.
4. Discussion

The clinical and pathological features of NANV-HCC in
nonsteatotic livers are not well understood. This study found
that NANV-HCC in nonsteatotic livers is associated with a
higher frequency of vascular invasion than that in steatotic livers.
The absence of steatosis was associated with early recurrence and
poor prognosis after curative-intent hepatectomy. These results
indicate that the steatosis condition of the liver reflects the
pathological and clinical behavior of NANV-HCC. In addition,
patients with NANV-HCC in the nonsteatotic liver showed a
Multivariate analysis

P value HR 95% CI P value

0) .53
ce

2) .17
ce

5) .06
5) .99
ce

3) .81
7) .57
6) .61
1) .56
ce

(continued )
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Table 2

(continued).

Univariate analysis Multivariate analysis

Variable MDT HR 95% CI P value HR 95% CI P value

Number of tumor
Single 1431 0.61 (0.33–1.12) .11 0.67 (0.35–1.31) .25
Multiple 520 Reference Reference

Tumor size (cm)
< 5 1507 0.54 (0.32–0.93) .03 0.57 (0.31–1.02) .06
>=5 520 Reference Reference

Tumor differentiation
Well-Moderate 1262 1.31 (0.68–2.53) .43 1.04 (0.52–2.05) .91
Poor 1644 Reference Reference

Vascular invasion
Absent 1312 0.83 (0.48–1.43) .50 0.97 (0.53–1.79) .93
Present 1262 Reference Reference

Steatosis
Absent 525 2.22 (1.28–3.85) .004 2.14 (1.21–3.80) .009
Present 1661 Reference Reference

Lobular inflammation
Score 0–1 1438 0.97 (0.57–1.65) .92
Score 2–3 1280 Reference

Ballooning
Score 0 1507 1.06 (0.62–1.79) .84
Score 1–2 1266 Reference

Fibrosis
Stage 0–2 1507 0.74 (0.42–1.32) .31 1.56 (0.80–3.05) .19
Stage 3–4 992 Reference Reference

CI = confidence interval, DFS = disease-free survival, HR = hazard ratio, MDT = median disease-free survival time, NANV-HCC = nonalcoholic non-virus-related hepatocellular carcinoma.

Figure 2. Kaplan–Meier curves of (A) disease-free survival and (B) overall
survival after curative-intent resection in patients with nonalcoholic non-virus-
related hepatocellular carcinoma. Red lines represent the survival probability of
steatosis group and blue lines represent that of nonsteatosis group.
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high prevalence rate of metabolic disorders, suggesting that they
may associate with carcinogenesis.
NANV-HCC is associated with metabolic syndrome.[5,29–31]

Indeed, in this study, 86.1% of the patients had metabolic
disorders. Generally, metabolic disorders are considered to result
in liver cell damage causing steatosis in the liver. Steatosis is the
basis of nonalcoholic steatohepatitis (NASH)[32,33] leading to
liver cirrhosis and HCC.[34,35] Thus, NANV-HCC is considered
to be derived from steatotic livers. However, NANV-HCC also
occurs in nonsteatotic livers. One possible explanation of the
cause of NANV-HCC in nonsteatotic livers is metabolic
disorders, which are considered to play a crucial role in
carcinogenesis.[5,36] The degree of steatosis, which is initially
induced by the metabolic disorders, may be reduced as the risk of
carcinogenesis increases with repeated hepatocyte turnover due
to steatohepatitis, while hepatic fibrosis remains relatively
constant. However, we cannot rule out the existence of a direct
pathway of carcinogenesis that does not involve hepatic steatosis
nor the possibility of the presence of unknown infectious agents.
In NASH, steatosis may disappear as liver fibrosis progresses,

and the end-stage cirrhotic NASH is called burnt-out NASH,
which is characterized by massive fibrosis, but does not have
specific pathological findings.[12,35] Without past medical records
that confirm the presence of steatohepatitis, burnt-out NASH
results in a diagnosis of cryptogenic cirrhosis. The absence of
steatosis in the liver at the time of surgery does not always
indicate that patients have never experienced NASH. However,
in this study, the degree of fibrosis was grade 1 or 2 in the
majority of patients with nonsteatotic livers, and the difference in
the degree of fibrosis between the groups was not significantly
different. As massive fibrosis is a key characteristic of burnt-out



Table 3

OS analysis in patients with NANV-HCC.

Variable Univariate analysis Multivariate analysis

MST HR 95% CI P value HR 95% CI P value

Age (yr)
<65 2652 0.82 (0.37–1.84) 0.64
>=65 2438 Reference

Sex
Female 2315 2.25 (0.96–5.29) 0.06
Male 2652 Reference

Body mass index (kg/m2)
<18.5 2469 1.29 (0.58–2.88) 0.52
18.5–24.9 2350 1.92 (0.52–7.10) 0.33
>=25 3180 Reference

Surgical procedure
Partial resection 1937 1.49 (0.19–11.7) 0.73
Subsegmentectomy Couinaud n.r. 0.61 (0.06–5.95) 0.91
Segmentectomy n.r. 0.88 (0.11–7.35) 0.67
Lobectomy 2469 1.43 (0.18–11.6) 0.70
Extended lobectomy n.r. Reference

Number of tumor
Single 2652 0.54 (0.24–1.25) 0.15 0.59 (0.22–1.57) .29
Multiple 2438 Reference Reference

Tumor size (cm)
<5 2438 0.83 (0.39–1.78) 0.64 1.80 (0.68–4.80) .24
>=5 2652 Reference Reference

Tumor differentiation
Well-Moderate 2469 2.07 (0.72–6.00) 0.17 1.59 (0.52–4.86) .41
Poor n.r. Reference Reference

Vascular invasion
Absent 3180 0.55 (0.26–1.17) 0.12 0.47 (0.19–1.21) .11
Present 2469 Reference Reference

Steatosis
Absent 1897 2.78 (1.33–5.80) 0.006 2.79 (1.27–6.16) .01
Present 3180 Reference Reference

Lobular inflammation
Score 0–1 2350 1.04 (0.49–2.20) 0.91
Score 2–3 2469 Reference

Ballooning
Score 0 2438 1.32 (0.63–2.77) 0.46
Score 1–2 2652 Reference

Fibrosis
Stage 0–2 2469 1.20 (0.51–2.81) 0.68 0.76 (0.25–2.31) .63
Stage 3–4 3180 Reference Reference

CI = confidence interval, HR = hazard ratio, MST = median survival time, n.r. = not reached, NANV-HCC = nonalcoholic non-virus-related hepatocellular carcinoma, OS = overall survival.
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NASH, it is not likely that the majority of nonsteatotic livers are
due to burnt-out NASH in this study.
We found that the absence of steatosis is an independent risk

factor for recurrence, which is consistent with the results of a
previous study.[28] However, the previous study included patients
with alcohol-relatedHCC, and overall survival was not evaluated
in terms of the absence of steatosis in the liver. In this study,
patients with alcohol-related HCC were excluded and we found
that the absence of background steatosis was not only associated
with early recurrence, but also with poor OS. The steatosis
condition of the liver may reflect the aggressiveness of NANV-
HCC. These findings can be used by physicians to determine the
appropriate follow-up interval and to identify patients who
would benefit from intensive adjuvant therapy.
This study has several limitations that deserve attention. First,

due to the retrospective nature of this study, there is a potential
for selection bias. All patients included in this study underwent
7

hepatectomy with curative-intent, and no patients had advanced-
stage disease. To minimize the risk of selection bias, consecutive
patients treated between 2005 and 2016 were included in this
study. Second, the evaluation of the liver was based on focal
observation of the noncancerous region of the resected liver and
did not represent the entire liver. Third, there is potential for a
lead-time bias of the screening interval before the diagnosis of
HCC. Fourth, the alcohol intake was self-reported and may have
been inaccurate. Fifth, the nonsteatosis group had fewer patients
than the steatosis group. This imbalance may obscure the
clinicopathological differences between the nonsteatosis and
steatosis groups. To obtain detailed features of the nonsteatosis
group, studies with a larger patient population would be
needed.
In conclusion, our study demonstrated that the absence of

steatosis in the liver is associated with a shorter DFS and OS after
curative-intent hepatectomy for NANV-HCC. Our findings

http://www.md-journal.com
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suggest that nonsteatotic liver can be a surrogate phenotype of
aggressive NANV-HCC and a high-risk group for recurrence.
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