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Abstract

Background The number of hepatocellular carcinoma

(HCC) patients with non-viral etiologies is increasing in

Japan. We conducted a nation-wide survey to examine the

characteristics of those patients.

Methods After we assessed the trend of patients who

were first diagnosed with HCC at 53 tertiary care centers in

Japan from 1991 to 2010, we collected detailed data of

5326 patients with non-viral etiology. The etiologies were

categorized as autoimmune hepatitis, primary biliary cir-

rhosis, alcoholic liver disease (ALD), non-alcoholic fatty

liver disease (NAFLD), unclassified, and other. Baseline

characteristics at initial diagnosis, the modality of the ini-

tial treatment, and survival status were collected via a

website. Survival of the patients was assessed by the

Kaplan–Meier method and Cox proportional hazard

regression.

Results The proportion of patients with non-viral etiolo-

gies increased from 10.0 % in 1991 to 24.1 % in 2010. Of

the patients, 92 % were categorized as ALD, NAFLD, or

unclassified. Body mass index (BMI) was C 25 kg/m2 in

39 %. Diabetes was most prevalent in NAFLD (63 %),

followed by unclassified etiology (46 %) and ALD (45 %).

Approximately 80 % of patients underwent radical therapy,

including resection, ablation, or transarterial chemoembo-

lization. Survival rates at 3, 5, 10, 15, and 20 years were

58.2, 42.6, 21.5, 15.2, and 15.2 %, respectively. Multi-

variate analysis revealed that patients with BMI [ 22 and

B 25 kg/m2 showed the best prognosis versus other BMI

categories, after adjusting by age, gender, tumor-related

factors, and Child-Pugh score.

Conclusions Most cases of non-B, non-C HCC are related

to lifestyle factors, including obesity and diabetes. Slightly

overweight patients showed the best prognosis.

Keywords Hepatocellular carcinoma � Non-alcoholic

fatty liver disease � Non-alcoholic steatohepatitis �
Alcoholic liver disease � Retrospective study

Introduction

Hepatocellular carcinoma (HCC) is a typical example of an

infection-associated malignancy [1]. The geographical
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distribution of the highly endemic area of HCC overlaps

that of chronic hepatitis B and C [2]. Rigorous efforts to

control horizontal transmission of hepatitis B virus (HBV)

by vaccination since the mid-1980s succeeded in reducing

hepatitis B-related HCC in children [3]. Screening for

hepatitis C virus (HCV) and the ending of paid blood

donations markedly reduced the incidence of transfusion-

associated hepatitis [4]. In those with active chronic hep-

atitis B, long-term suppression using nucleotide analogs

may reduce the incidence of HBV-related HCC [5, 6], and

the eradication of HCV by interferon-based therapy can

reduce HCV-related HCC [7, 8]. It can reasonably be

concluded that hepatitis virus-related HCC will continue to

decrease in the future [9, 10].

While HCC is a typical example of a virus-related

cancer, it is also well known to be strongly related to life

style. Chronic alcoholism is a classical risk factor [11];

more recently, obesity has been recognized to strongly

affect HCC development in males, versus various other

malignancies [12]. There is also growing evidence sug-

gesting that type 2 diabetes increases the incidence of HCC

[13, 14]. Due to the globally increasing proportion of the

obese population over the past 30 years [15], obesity-

related HCC will likely continue to increase.

Unlike virus-related HCC, in which the high-risk popu-

lations and surveillance programs are well established, little

is known about the characteristics of virus-unrelated HCC.

To reduce the forthcoming global burden of obesity-related

HCC, to clarify its clinical features is quite important. The

Non-B, Non-C Liver Cancer, Etiology, Prognosis and

Treatment (NOBLESSE) study was conducted as a special

project of the Inuyama Symposium, an assembly of 56

gastroenterology and hepatology units in university hospi-

tals and tertiary care hospitals in Japan, to investigate the

characteristics of non-B, non-C HCC patients.

Patients and methods

Patients

This retrospective study complied with the ethical guide-

lines for epidemiological research designed by the Japa-

nese Ministry of Education, Culture, Sports, Science and

Technology and Ministry of Health, Labour, and Welfare.

The study protocol was approved by the University of

Tokyo Medical Research Center Ethics Committee

(approval number 3710) and the Institutional Review

Board or Ethics Committee of each participating institu-

tion. Informed consent was waved because of the retro-

spective design. This study was registered with the

University Hospital Medical Information Network (UMIN)

Clinical Trial Registry (UMIN-CTR000007570).

First we collected the number of patients with HCC who

were first diagnosed with HCC in the participating hospi-

tals from 1991 to 2010 and categorized them as HBV-

related, HCV-related, both HBV and HCV-related, and

non-B, non-C to assess trends in the proportion of back-

ground etiologies. Next we collected detailed data of non-

B, non-C HCC patients defined as negative for both hep-

atitis B surface antigen (HBsAg) and anti-HCV antibody.

Patients who lost HBsAg before the diagnosis of HCC or

who were positive for HBV DNA were excluded.

Diagnosis of HCC

The diagnosis of HCC was made by dynamic computed

tomography (CT) or dynamic magnetic resonance imaging

(MRI) with consideration of hyperattenuation in the arterial

phase, with washout in the late phase as a definite sign of

this disease [16] or pathology. In years when dynamic CT

was not available, the diagnosis was also made by

angiography.

Data collection

The patients were registered via a website specially

designed by the investigators. The following characteristics

at diagnosis were collected: age, gender, body height, body

weight, etiology of background liver disease, daily alcohol

consumption; comorbidities including liver cirrhosis, fatty

liver by ultrasonography, hypertension, dyslipidemia, and

diabetes; tumor factors including tumor size of the maxi-

mal nodule, number of tumor nodules, the presence of

vascular invasion, and extrahepatic metastasis; symptoms

including ascites and hepatic encephalopathy, laboratory

data, including serum albumin, total bilirubin, aspartate

aminotransferase (AST), alanine aminotransferase (ALT),

alkaline phosphatase (ALP), gamma-glutamyl transpepti-

dase (GGT), platelet count, prothrombin activity, alpha-

fetoprotein (AFP), des-gamma-carboxyprothrombin

(DCP), and lens culinaris agglutinin-reactive fraction of

AFP (AFP-L3); and treatment modality for the first time,

including hepatic resection, liver transplantation, ablation,

transarterial chemoembolization (TACE), transarterial

chemotherapy, systemic chemotherapy, radiation therapy,

and supportive therapy. Body mass index (BMI), Child–

Turcotte–Pugh (CTP) score, and Barcelona-Clinic–Liver-

Cancer (BCLC) stages were calculated automatically using

the data obtained above.

The etiology of background liver diseases was catego-

rized as follows: autoimmune hepatitis (AIH), primary

biliary cirrhosis (PBC), AIH–PBC overlap syndrome,

alcoholic liver disease, non-alcoholic fatty liver disease

(NAFLD), Budd-Chiari syndrome, hemochromatosis,

Wilson disease, and others. The diagnosis of the
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background liver disease, hypertension, dyslipidemia, and

diabetes was made by the attending physician, based on the

Japanese clinical guidelines for each disease. Daily alcohol

consumption was calculated from forms of alcohol and

frequency. Alcoholic liver disease was defined as chronic

liver injury with daily alcohol consumption C 80 g/day

without another definite etiology. NAFLD was defined as a

history of fatty liver or who were diagnosed with fatty

liver, radiologically or pathologically, with alcohol con-

sumption B 20 g/day. Those with cryptogenic chronic liver

disease who did not meet the criteria described above for

alcoholic liver disease or NAFLD were categorized as

unclassified.

Patient survival status was also registered. Status was

defined as alive, dead, or lost to follow-up. Observations

were censored on 31 December 2011. In diseased patients,

the cause of death was categorized according to the criteria

of the Liver Cancer Study Group of Japan [17], as follows:

liver cancer progression, liver failure, gastrointestinal

bleeding, gastro-esophageal varices rupture, rupture of

liver cancer, operative death, other, and unknown.

Statistical analysis

Data are expressed as medians with 25th to 75th percen-

tiles, unless otherwise indicated. Numbers and percentages

were used for qualitative variables. Student’s t test was

used for comparisons of two continuous variables. Differ-

ences among groups were assessed with one-way analysis

of variance (ANOVA) for continuous data, and with the

Chi squared test for categorical data. The Cochran–Ar-

mitage trend test was used to evaluate increasing or

decreasing trends in etiology. Survival time was defined as

the interval between the day of the first diagnosis and death

or the last visit to the hospital until 31 December 2011.

Cumulative survival curves were constructed with the

Kaplan–Meier method and compared with the log-rank

test. To assess the hazard ratios of various factors on

overall survival, the Cox proportional hazard model was

used.

Statistical analyses were performed using the ‘R’ soft-

ware (ver. 2.13.0; http://www.R-project.org). All tests were

two-sided, and p values \ 0.05 were considered to indicate

statistical significance.

Results

Patient profiles

Of 33,782 patients who were first diagnosed with HCC at

the 53 participating hospitals from 1991 to 2010, 5326

(15.8 %) were categorized as non-B, non-C. A marked

increase in the proportion of patients categorized as non-B,

non-C was observed (p \ 0.001 by Cochran–Armitage test;

Fig. 1). The proportion of non-B, non-C patients was

24.1 % in 2010, whereas it was only 10.0 % in 1991. The

distribution of background liver diseases among non-B,

non-C patients was as follows: AIH in 161 (3.0 %), PBC in

164 (3.1 %), AIH–PBC overlap syndrome in 18 (0.3 %),

alcoholic liver disease in 1423 (26.7 %), NAFLD in 596

(11.2 %), Budd-Chiari Syndrome in 20 (0.4 %), hemo-

chromatosis in 9 (0.2 %), Wilson’s disease in 5 (0.1 %),

unclassified in 2875 (54.0 %), and other in 53 (1.0 %).

‘Other’ included schistosomiasis japonica, suspicion of

autoimmune liver diseases, and normal liver. As few

patients were categorized as AIH–PBC overlap syndrome,

Budd-Chiari syndrome, hemochromatosis and Wilson’s

disease, they were combined with ‘others’ in Table 1.

Among non-B, non-C patients, 31 and 10 % were diag-

nosed as HCC at the department of gastroenterology or

hepatology and other department in the participating hos-

pital, respectively. The remaining 59 % were diagnosed at

other hospitals and referred to the participating hospitals.

Forty-one percent of patients were followed by imaging

modalities before the diagnosis of HCC.

The median [interquartile range (IQR)] age in the entire

cohort was 70.0 (63.0–75.0) years and approximately

three-quarters were males. Patients with alcoholic liver

disease were significantly younger than other etiologies

(p \ 0.001). The male to female ratio was different among

the etiologies: females predominated in autoimmune liver

diseases. The vast majority were non drinkers or light

drinkers, except for those with alcoholic liver disease or

unclassified etiology. Among those judged as unclassified,

41 % were moderate drinkers.

The distribution of BMI varied across the etiologies and

gender. The median BMI was the highest in those with

Fig. 1 Trend in background liver disease in hepatocellular carcinoma

in Japan. A marked increase in the proportion of patients categorized

as non-B, non-C in the participating hospitals was observed

(p \ 0.001 by Cochran–Armitage test)
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Table 1 Baseline characteristics of the HCC patients analyzed in this study (n = 5,326)

ALL AIH PBC Alcoholic liver disease NAFLD Unclassified Others

Number of patients 5,326 161 166 1,423 596 2,875 105

Age (year)

Median 70.0 70.0 71.5 66.0 72.0 71.0 70.0

IQR 63.0–75.0 66.0–76.0 66.0–77.0 60.0–72.0 66.0–77.0 64.0–76.0 58.0–76.0

Male gender [n (%)] 4,022 (75.5) 43 (26.7) 52 (31.3) 1,327 (93.3) 348 (58.4) 2,188 (76.1) 64 (61.0)

Alcohol consumption (g/day)a

B 20 [n (%)] 2623 (50.9) 144 (90.0) 146 (90.7) 596 (100.0) 1661 (59.0) 80 (86.0)

21–79 [n (%)] 1179 (22.9) 9 (5.6) 9 (5.6) 1154 (41.0) 7 (7.5)

C 80 [n (%)] 1351 (26.2) 7 (3.7) 6 (3.7) 1423 (100.0) 6 (6.5)

Diabetes [n (%)]b 2345 (46.1) 48 (30.6) 27 (17.0) 621 (45.2) 359 (62.7) 1264 (46.4) 26 (27.1)

Hypertension [n (%)]c 2063 (42.7) 51 (35.4) 42 (26.8) 493 (38.0) 313 (55.5) 1135 (44.1) 29 (31.9)

Dyslipidemia [n (%)]d 720 (14.6) 26 (17.1) 12 (7.6) 171 (12.7) 125 (22.9) 374 (14.2) 12 (12.6)

Fatty liver [n (%)]e 936 (24.0) 18 (15.5) 7 (5.5) 219 (20.7) 280 (64.4) 403 (19.3) 9 (13.4)

Liver Cirrhosis [n (%)]f 3439 (67.0) 127 (80.9) 145 (87.9) 1115 (80.2) 368 (63.4) 1619 (59.0) 65 (67.0)

Anti-HBcAb positive [n (%)]g 1501 (40.3) 27 (23.5) 35 (31.3) 410 (40.8) 159 (34.6) 837 (43.0) 33 (40.7)

ALT (U/L)

Median 32 29 29 33 33 32 29

IQR 22–50 20–44 20–41.3 22–50 22–51 22–51 20–54

Platelet count (9109/lL)h

Median 135 105 103 123 138 148 124

IQR 90–193 72–166 74–139 84–173 94–189 97–205 81–183

Child-Pugh classi

A [n (%)] 3500 (69.0) 89 (57.4) 83 (52.9) 843 (62.1) 439 (76.5) 1976 (72.4) 70 (72.2)

B [n (%)] 1231 (24.3) 54 (34.8) 57 (36.3) 383 (28.2) 120 (20.9) 595 (21.8) 22 (22.7)

C [n (%)] 338 (6.7) 12 (7.7) 17 (10.8) 131 (9.7) 15 (2.6) 158 (5.8) 5 (5.2)

Tumor characteristics

Maximal tumor size (cm)j

Median 3.2 3.0 2.8 3.0 3.0 3.5 3.0

IQR 2.0–6.0 2.0–4.3 1.7–3.5 2.0–5.0 2.0–5.0 2.2–7.0 2.0–5.1

Diffuse type [n (%)] 209 (4.0) 6 (3.7) 1 (0.6) 62 (4.4) 17 (2.9) 119 (4.2) 4 (3.8)

Number of nodulesk

Single [n (%)] 2700 (51.1) 87 (54.0) 110 (66.3) 664 (46.8) 340 (57.0) 1443 (50.8) 56 (53.8)

2–3 [n (%)] 1368 (25.9) 46 (28.6) 40 (24.1) 402 (28.3) 156 (26.2) 697 (24.5) 27 (26.0)

[ 3 [n (%)] 1220 (23.1) 28 (17.4) 16 (9.6) 353 (24.9) 100 (16.8) 702 (24.7) 21 (20.2)

Vascular invasion [n (%)]l 187 (3.5) 3 (1.9) 1 (0.6) 52 (3.7) 13 (2.2) 116 (4.1) 2 (1.9)

Extrahepatic metastasis [n (%)]m 401 (7.6) 8 (5.0) 2 (1.2) 114 (8.0) 26 (4.4) 244 (8.6) 7 (6.7)

AFP (ng/mL)n

B20 [n (%)] 2908 (59.4) 80 (54.1) 71 (51.4) 827 (62.4) 361 (63.1) 1515 (58.0) 54 (55.7)

21–200 [n (%)] 820 (16.8) 33 (22.3) 29 (21.0) 229 (17.3) 92 (16.1) 423 (16.2) 14 (14.4)

[200 [n (%)] 1164 (23.8) 35 (23.6) 38 (27.5) 270 (20.4) 119 (20.8) 673 (25.8) 29 (29.9)

DCP (mAU/mL)o

B100 [n (%)] 2121 (45.8) 75 (53.6) 81 (59.1) 593 (46.8) 299 (53.9) 1032 (42.1) 41 (47.7)

101–400 [n (%)] 787 (17.0) 23 (16.4) 25 (18.2) 227 (17.9) 95 (17.1) 400 (16.3) 17 (19.8)

[400 [n (%)] 1727 (37.3) 42 (30.0) 31 (22.6) 448 (35.3) 161 (29.0) 1017 (41.5) 28 (32.6)

AFP-L3 (%)p

B10 [n (%)] 1765 (67.7) 53 (64.6) 39 (55.7) 498 (69.6) 263 (73.5) 881 (66.1) 31 (66.0)

10.1–15 [n (%)] 74 (2.8) 3 (3.7) 4 (5.7) 17 (2.4) 7 (2.0) 43 (3.2) 0 (0)

[15 [n (%)] 767 (29.4) 26 (31.7) 27 (38.6) 201 (28.1) 88 (24.6) 409 (30.7) 16 (34.0)

As few patients were categorized as having the AIH–PBC overlap syndrome, Budd-Chiari syndrome, hemochromatosis or Wilson’s disease, they were
combined with ‘others’. Data were missing in a173, b241, c498, d388, e1434, f193, g1606, h61, i257, j42, k38, l28, m26, n434, o691, and p3677 patients

AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive fraction of AFP, ALT alanine aminotransferase, Anti-HBcAb anti-hepatitis B core
antibody, DCP des-gamma-carboxy prothrombin, IQR interquartile range
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NAFLD. Females had significantly higher BMI than males

in NAFLD and those unclassified (p = 0.01 and \0.001,

respectively; Fig. 2).

Nearly half of the patients were complicated with dia-

betes (Table 1, Supplementary Fig. 1). The proportion of

those with diabetes was highest in NAFLD patients. A

similar trend was observed in the proportions of hyper-

tension and dyslipidemia. The presence of fatty liver,

judged by ultrasonography at the diagnosis of HCC, varied

across the etiologies. The proportion was approximately

20 % in alcoholic liver disease and unclassified etiology,

while it was lower in autoimmune liver diseases, especially

PBC. It was also suggested that fatty liver could not be

detected by ultrasonography in approximately 30 % at the

diagnosis of HCC in NAFLD.

Approximately two-thirds of the patients were compli-

cated with cirrhosis. The proportion of those with cirrhosis

was lower in those with NAFLD and unclassified etiology

compared with other etiologies (p \ 0.001). Reflecting the

proportion of cirrhosis, platelet counts were highest in

those with unclassified etiology, followed by those with

NAFLD.

Regarding the diagnosis process, 30.3 % of the patients

had their tumor pointed out for the first time in the par-

ticipating department, 10.6 % in another department of the

same hospital, and 59.1 % at other hospitals. Patients were

diagnosed at more advanced stages in those with unclas-

sified etiology; the tumor size was the largest and the

proportion of patients with vascular invasion and extrahe-

patic metastasis was also the largest. The sensitivity of

DCP was superior to that of AFP (54.2 vs. 40.6 % with

cutoff values of 100 mAU/mL and 20 ng/mL,

respectively).

Treatment and survival

Among 5058 patients in whom BCLC staging could be

determined, 2533 (50.1 %), 1913 (37.8 %), 283 (5.6 %),

and 329 (6.5 %) were categorized as stages A, B, C, and D,

respectively (Table 2). The distribution of the initial

treatment was as follows: resection in 1073 (20.3 %),

ablation in 1060 (20.0 %), TACE ? ablation in 470

(8.9 %), TACE in 1590 (30.1 %), transarterial chemo-

therapy with one-shot and continuous infusion in 99

(1.9 %), systemic therapy in 20 (0.3 %), radiation therapy

in 20 (0.4 %), liver transplantation in 17, others in 30

(0.6 %), and supportive care in 429 (8.1 %).

During the mean follow-up period of 2.6 years, 2225

patients died and 670 patients were lost to follow-up. The

causes of death were cancer progression in 1411 (58.0 %),

liver failure in 359 (14.8 %), gastrointestinal bleeding,

including varices rupture, in 87 (3.6 %), tumor rupture in

71 (2.9 %), operative death in 13 (0.5 %), and other in 284

(11.7 %). The cause of death was unspecified in 206

(8.5 %). Median survival time [95 % confidence interval

(CI)] after the initial diagnosis of HCC was 4.03

(3.82–4.20) years. Overall survival rates at 1, 3, 5, 7, 10,

15, and 20 years were 80.1, 58.2, 42.6, 32.2, 21.5, 15.2,

Fig. 2 Body mass index according to background liver disease.

Median (25th–75th percentiles) BMI values in all categories were

23.8 (21.6–26.3) kg/m2 in males and 24.4 (21.8–27.5) kg/m2 in

females. Box plot ‘whiskers’ show the minimum and maximum

values; the horizontal line in each box plot shows the median, and the

colored segment shows the interquartile range. AIH autoimmune

hepatitis, PBC primary biliary cirrhosis, ALD alcoholic liver disease,

NAFLD non-alcoholic fatty liver disease

Table 2 Distribution of treatments according to BCLC stage

A B C D

Number of patients 2533 1913 283 329

Hepatic resection

[n (%)]

616 (24.3) 398 (20.8) 30 (10.6) 3 (0.9)

Ablation [n (%)] 887 (35.0) 81 (4.2) 4 (1.4) 52 (15.8)

TACE ? ablation

[n (%)]

335 (13.2) 116 (6.1) 3 (1.1) 4 (1.2)

TACE [n (%)] 517 (17.1) 840 (43.9) 78 (27.6) 83 (25.2)

Transarterial

chemotherapy

[n (%)]

83 (3.2) 278 (14.5) 87 (30.7) 27 (8.2)

Systemic therapy

[n (%)]

5 (0.2) 50 (2.6) 25 (8.8) 7 (2.1)

Radiation therapy

[n (%)]

5 (0.2) 4 (0.2) 3 (1.1) 5 (1.5)

Liver

transplantation

[n (%)]

11 (0.4) 6 (0.3) 0(0.0) 0 (0.0)

Others [n (%)] 12 (0.5) 5 (0.3) 2 (0.7) 4 (1.2)

Supportive therapy

[n (%)]

64 (2.5) 135 (7.1) 51 (18.0) 144 (43.8)

BCLC stage could not be determined in 268 patients

TACE transarterial chemoembolization
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and 15.2 %, respectively (Fig. 3a). When stratified by

BCLC stage, the median (95 % CI) survival times were

6.39 (5.96–6.85), 2.48 (2.34–2.68), 0.83 (0.61–1.03), and

0.80 (0.64–1.23) years in BCLC stages A, B, C, and D,

respectively. There was a significant difference in survival

among the stages (Fig. 3b, p \ 0.001).

Univariate Cox regression analysis revealed that the

following factors were significantly related to poor sur-

vival: old age (p \ 0.001), male gender (p = 0.003),

alcohol consumption C80 g/day (p \ 0.001), BMI

(p = 0.001), Child-Pugh score (p \ 0.001), maximal

tumor size (p \ 0.001), number of nodules (p \ 0.001), the

presence of vascular invasion (p \ 0.001), the presence of

extrahepatic metastasis (p \ 0.001), AFP (p \ 0.001),

DCP (p \ 0.001), and AFP-L3 (p \ 0.001). The presence

of diabetes was indicated as a better prognosis factor,

though with marginal significance (hazard ratio, 0.93;

95 % CI, 0.86–1.01; p = 0.08). BMI showed a V-shaped

hazard distribution: those with BMIs of 22.1–25 kg/m2 had

the best outcomes, whereas those with higher and lower

BMI showed worse prognoses. We plotted relative hazard

against BMI using cubic splines. The V-shape hazard dis-

tribution was also observed in the plot (Supplementary

Fig. 2).

Fig. 3 Overall survival.

A Overall survival of the entire

patient cohort. Overall survival

rates at 1, 3, 5, 7, 10, 15, and

20 years were 80.1, 58.2, 42.6,

32.2, 21.5, 15.2, and 15.2 %,

respectively. B Overall survival

according to BCLC stage.

Survival rates at 1, 3, 5, 7, 10,

15, and 20 years were 94.5,

76.4, 58.7, 44.7, 30.7, 21.9, and

21.9 % in stage A, 71.1, 44.1,

29.1, 22.2, 13.0, 9.0, and 9.0 %

in stage B, 44.6, 18.8, 15.5, 9.3,

and 9.3 % in Stage C, and 48.0,

24.4, 12.3, 7.3, 3.1 %,

respectively, in Stage D
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We performed a multivariate analysis using the vari-

ables above, except that AFP-L3 was excluded because of

missing values. The results showed that age, BMI, alcohol

consumption, Child-Pugh score, tumor size, number of

tumor nodules, extrahepatic metastasis, AFP, and DCP

were significant factors related to poor prognosis (Fig. 4).

The presence of diabetes again showed no statistical

significance.

Discussion

In the present study, a rapidly increasing proportion of

HCC patients with non-viral etiologies was found. A sim-

ilar trend was reported in a national survey by the Liver

Cancer Study Group of Japan [18]. As the number of newly

diagnosed HCC cases in Japan was almost at a plateau

throughout the study period [19], not only the proportion,

Fig. 4 Multivariate Cox proportional hazard regression analysis of

survival. AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-

reactive fraction of AFP, DCP des-gamma-carboxy prothrombin AFP

alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive fraction

of AFP, ALT alanine aminotransferase, Anti-HBcAb anti-hepatitis B

core antibody, DCP des-gamma-carboxy prothrombin, IQR inter-

quartile range
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but also the number, of patients with non-viral etiologies

was increasing. As a risk factor of HCC, alcohol con-

sumption has not increased over the last two decades in

Japan according to statistics from the Ministry Labour and

Welfare in Japan [20]. In contrast, the size of the obese

population is increasing rapidly due to changes in the diet

in Japan. The proportion of patients with diabetes has also

increased in the past three decades [21]. It seems reason-

able that the rapidly increasing number of HCC patients

with non-viral etiologies was largely due to the rapidly

increasing obese population.

Among non-viral chronic liver diseases, the natural

history of AIH, PBC, and alcoholic liver disease are well

known compared with that of NAFLD. In these three, HCC

ordinarily arises through cirrhosis after long-lasting chronic

inflammation in the liver [22–24]. Indeed, liver cirrhosis

was a complication in more than 80 % of those patients. In

contrast, the proportion of cirrhosis was smaller and

platelet counts were higher in NAFLD patients than those

with AIH, PBC, and alcoholic liver disease. It has been

reported that a significant proportion of patients (41.7 %)

with both NAFLD and HCC are not complicated with

cirrhosis [25]. That a significant proportion of patients with

NAFLD or unclassified etiology were not complicated with

cirrhosis suggests that to characterize a high-risk popula-

tion within them would be difficult.

In this study, almost half of the patients were compli-

cated with diabetes mellitus. According to a systematic

review investigating the relationship between diabetes and

HCC, the presence of diabetes is an approximately 2.5-fold

risk of HCC [26]. Judging from the wide variation in the

proportion of patients with diabetes among the etiologies, it

seems that diabetes correlates more strongly with hepato-

carcinogenesis in some chronic liver diseases, such as

NAFLD, than others.

In this study, we defined NAFLD as a history of fatty

liver and alcohol consumption of no more than 20 g/day.

As shown in Table 1, fatty liver was not diagnosed by

ultrasonography at the diagnosis of HCC in approximately

30 % of patients with NAFLD-related HCC. Those patients

would be categorized as unclassified when a history of fatty

liver was not confirmed. That is, a significant proportion of

those categorized as unclassified could be burn-out non-

alcoholic steatohepatitis (NASH). Similarly, alcohol-rela-

ted HCC could be included in unclassified patients because

approximately 40 % of the patients in the category were

moderate drinkers. In the first place, it might be unrea-

sonable to categorize those patients clearly, because mod-

erate alcohol intake, obesity, and fatty liver are mutually

correlated and may have a synergistic effect on

hepatocarcinogenesis.

Occult infection with HBV represented by the presence

of antibody to hepatitis B core antigen (anti-HBc) has been

considered as a risk factor of non-B, non-C HCC defined as

negative for both HBsAg and anti-HCV antibody [27, 28].

Indeed the prevalence of anti-HBc antibody was higher in

this study compared to a previous report in blood donors

[29]. It is also to be noted that those with anti-HBc anti-

body may include chronic HBV carriers with HBsAg loss

before the diagnosis of HCC, who had significant risk for

HCC [30].

Patients were diagnosed at less-advanced stages than we

expected. This is partly because all participating hospitals

were tertiary care centers. Those with terminal stages

diagnosed in primary or secondary hospitals were unlikely

to be referred to the participating hospitals. In addition,

41 % of patients were followed by imaging modalities

before the diagnosis of HCC. As a result, a large majority

of patients underwent radical therapies, such as hepatic

resection, ablation, or TACE, as the initial treatment.

Prognostic factors for HCC have been investigated fully

in previous studies [31]. However, to our knowledge, this is

the first report of the detailed relationship between BMI

and survival in HCC patients. Indeed, BMI showed a

V-shaped hazard function for death. It is well known that

the relationship between BMI and all-cause mortality is

V-shaped, with a BMI around 22 kg/m2 showing the best

prognosis. However in this study, the lowest relative hazard

was observed at a slightly overweight BMI. We had

expected that the best BMI would be around 22 kg/m2,

because obesity is thought to affect hepatocarcinogenesis

in this cohort and may affect recurrence after treatment.

This would be because the relatively underweight patients

included those with more advanced disease. However, the

trend remained after adjustment for other significant fac-

tors, including those related to the tumor. Overweight

patients may have some advantage versus underweight

patients that we did not investigate.

The presence of diabetes did not affect survival in this

study. One meta-analysis reported that the presence of

diabetes increased the risk of all-cause mortality in HCC

patients by 1.38-fold (95 % CI, 1.13–1.68) [32]. It is quite

reasonable that those with diabetes had additional risk for

death from cardiovascular, cerebrovascular, infectious or

renal diseases. Some kind of biases might exist behind the

fact that the presence of diabetes did not worsen the

patients’ survival, which needs further investigation.

Most of the major limitations of this study relate to its

retrospective design.

(1) Because the major data source was a database

maintained by each participating hospital, some data were

missing. Patients who were not registered in the database

could not be entered into this study. However, the pro-

portion of patients with missing data on important items,

such as alcohol consumption, was less than 5 %; this would

not affect the overall results. (2) As the amount of daily
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alcohol intake was self-reported, some patients might have

underreported their alcohol intakes. Some should possibly

have been categorized as having alcoholic liver disease. (3)

Similarly, because the diagnosis of NAFLD was based on a

past history or ultrasound examination at the diagnosis of

HCC, undiagnosed burn-out NASH patients were included

in those unclassified, especially when not followed in

clinics or hospitals. Based on the high proportion of those

with lifestyle diseases and moderate drinkers, at least a

majority of those unclassified would be related to chronic

alcoholism, obesity, or both.

In conclusion, the proportion of HCC patients without

chronic viral hepatitis in Japan is increasing rapidly. Most

had lifestyle disease-related backgrounds, especially rela-

ted to obesity. Narrowing down a high-risk population

would be difficult because one-third of the patients were

non-cirrhotic, and obesity, fatty liver, and diabetes are

prevalent in Japan.
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