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Abstract

Background The incidence of hepatocellular carcinoma

(HCC) has increased significantly in United States over the

last few decades in parallel with the epidemic of nonal-

coholic fatty liver disease (NAFLD). Limited data suggests

that HCC could arise in steatotic liver without the presence

of cirrhosis. The present study was conducted to charac-

terize patients with NAFLD presenting with HCC in non-

cirrhotic liver (NCL) compared to the NAFLD- HCC

patients in association with cirrhotic liver (CL).

Methods A retrospective analysis of all patients diag-

nosed with HCC and NAFLD diagnosis seen at our insti-

tution between 2003 and 2012 was done. The patients were

characterized based on demographic and clinical variables

as well as histological and tumor features. Comparisons

between the NCL and CL groups were done using analysis

of variance (ANOVA) or the non-parametric Kruskal–

Wallis tests and Pearson’s chi-square tests or Fisher’s

Exact tests as appropriate. P value of\0.05 was considered

statistically significant.

Results Thirty-six patients with NAFLD and HCC in

NCL (HCC-NCL group) were identified and compared to

47 patients with NAFLD-HCC and Liver Cirrhosis (HCC-

LC group). Liver fibrosis was not present in 55.9 % of

patients in the HCC-NCL group (F0), stage 1 was present

in 17.6 %, stage 2 in 8.8 % and stage 3 in 17.6 %. Lobular

inflammation was present in 63.6 % of non-cirrhotic

patients. Patients in the HCC-NCL were older (67.5 ± 12.3

vs. 62.7 ± 8.1 years), and less likely to be obese (52 % vs.

83 %) or have type 2 diabetes (38 % vs. 83 %), with p value

\0.05 for all. More importantly, compared with the HCC-

CL group, those in the HCC-NCL group were more likely

to present with a single nodule (80.6 % vs. 52.2 %), larger

nodule size ([5 cm) (77.8 % vs. 10.6 %), and receive

hepatic resection as the modality of HCC treatment (66.7

% vs. 17 %); and were less likely to receive loco-regional

therapy (22.3 % vs. 61.7 %) or orthotopic liver transplan-

tation (OLT) (0 % vs. 72.3 %), with p value\0.001 for all.

Furthermore, 86 % of patients without cirrhosis had HCC

recurrence compared to only 14 % in patients with cirrhosis

(p \ 0.001). Unadjusted analysis indicates that non-cir-

rhotics had worse survival with mortality rate of 47 % vs.

28 % in CL group (p = 0.03); however this difference in

survival between two groups was not significant after

adjusting for age or OLT (p[ 0.05).

Conclusion Patients with HCC in the absence of liver

cirrhosis are more likely to present at an older age with

larger tumor and have higher rates of tumor recurrence.

Studies to assess the cost-effectiveness of HCC surveil-

lance in this group should be conducted.

Keywords Primary hepatocellular carcinoma � Non-
alcoholic fatty liver disease � Non-cirrhotic non-alcoholic

fatty liver disease

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common

cancer worldwide with more than 500 thousand newly

diagnosed cases each year [1, 2]. Moreover, HCC is the
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third leading cause of death from cancer overall with very

rapid-growing cancer-related mortality rate in the USA in

the last 10 years [3, 4]. Recently, the incidence of HCC has

increased more than threefold in the USA [3], which

coincided with the progressive prevalence of non-alcoholic

fatty liver disease (NALFD) [5].

NAFLD is the hepatic manifestation of the metabolic

syndrome and has emerged as the most common variant

of chronic liver disease in the last decade [6]. NAFLD is

expected to constitute the main reason for liver-related

morbidity, mortality and liver transplantation in the

upcoming years in the USA [5] because of the growing

epidemics of diabetes and obesity. Population-based

studies have revealed an estimated NAFLD prevalence of

at least 30 % in the adult population with even higher

rates among obese and type 2 diabetes patients

(70–90 %) [7, 8]. Similarly, HCC has an established

association with obesity and diabetes [9, 10]. Two meta-

analyses have reported a relative increased risk of HCC

in obese and diabetic patients of 1.89 and 2.31 fold,

respectively [11, 12].

Although more than half of the HCC cases are

attributed to virus- and alcohol-related cirrhosis, the

definitive cause of HCC in 15–50 % of the cases remains

unclear (cryptogenic hepatocellular carcinoma) and

without well-known risk factors [13, 14]. It has been

identified that non-alcoholic steatohepatitis (NASH), the

aggressive form of NAFLD, accounts for a substantial

portion (13–38 %) of these cryptogenic hepatocellular

carcinoma cases [15, 16]. Moreover, NAFLD has been

established as a risk factor for HCC in emergent data

[17], with 2.6 % yearly cumulative incidence of HCC in

patients with NASH cirrhosis [18].

Although HCC has been well reported to develop in

cirrhotic livers secondary to NAFLD [19, 20], fatty liver

without cirrhosis has also been recognized to play a sig-

nificant role in the tumor genesis of HCC [14]. Few

observations suggest an association between solely hepatic

steatosis and HCC hypothesizing the potential carcino-

genetic effect of hepatic steatosis in HCC development

despite the absence of cirrhosis [21].

This correlation between HCC and non-cirrhotic chronic

liver disease has been reported previously [22, 23], but

scarcity of information and limited data are available on

the characteristics and outcome of HCC arising in NAFLD-

related liver disease in the absence of cirrhosis.

The present study was conducted to characterize patients

with NAFLD presenting with HCC in non-cirrhotic liver

(NCL) and compare them with patients with HCC in

NAFLD-related cirrhotic liver (CL) as well as to identify

demographic variables, risk factors, tumor features and

survival differences between the two groups.

Materials and methods

A retrospective analysis was performed on all adults

(age C18 years) diagnosed with HCC and NAFLD at

Cleveland Clinic Foundation between 2003 and 2012.

The electronic medical records were reviewed thor-

oughly aiming to characterize the patients with HCC in

NCL-NAFLD and compare them to HCC patients in CL

based on demographic and clinical variables, histological

features and tumor presentation. Liver cirrhosis was iden-

tified based on the histological presentation and/or radio-

logical evidence of cirrhosis. NAFLD was defined

according to the histological features of steatosis (with/

without inflammation ± fibrosis), when available, crypto-

genic cirrhosis in the presence of metabolic syndrome, or

presence of fatty liver on imaging modalities without a

history of significant alcohol intake or confounding liver

diseases. Metabolic syndrome was defined in accordance

with National Cholesterol Education Program Adult

Treatment Plan III (ATP III) guidelines (the waist cir-

cumference trait was replaced by BMI[ 28.2 kg/m2 for

study purposes, which has been validated) [24].

The diagnosis of diabetes mellitus was made based on

clinical notes, the use of insulin or oral hypoglycemic

medication or HbA1C level C6.5.

Demographic data (age, sex and race) and medical his-

tory of hypertension, hyperlipidemia and diabetes with

their corresponding therapy were obtained from medical

records. Details of the metabolic traits and chemistry panel

were evaluated at the time of HCC diagnosis—including

levels of bilirubin, albumin, prothrombin time, alkaline

phosphatase, gamma-glutamyl transferase, alanine amino-

transferase, aspartate aminotransferase, creatinine, hemo-

globin, platelet count, HbA1c, triglyceride, high-density

lipoprotein, ferritin and alpha-fetoprotein (AFP) levels.

All our patients underwent either whole-liver resection

than pathological study through the process of a liver

transplant or, if a transplant was not applicable, at least two

liver biopsies were done, one from the tumor and the other

from the adjacent or normal liver tissue. The liver histo-

logical report was reviewed, and steatosis was graded

similar to the NAFLD activity score (NAS) [25] as absent,

mild, moderate or severe when it involved\5 % (0),

5–33 % (1), 33–66 % (2) or[66 % (3) of hepatocytes,

respectively. Inflammation also was assessed and graded as

none, mild, moderate or severe according to the report.

Hepatic fibrosis (stage) was assigned according to the

Ludwig-Batts scoring system with a scale of 0–4 (F0:

absent; F1: portal fibrosis; F2: periportal fibrosis; F3:

bridging fibrosis; F4: cirrhosis).

The diagnosis of HCC was based on radiological and/or

histological evidence according to theAmericanAssociation
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for the Study of Liver Diseases (AASLD) guidelines [26].

Tumor characteristics were obtained using pathological and

radiological reports. These features include the size and

number of HCC nodules, presence of lymph nodes and dis-

tant metastases as well as the degree of tumor differentiation.

Additionally, the treatment modality, survival rate and

factors influencing the survival were analyzed based on

retrospective review of the medical records. Follow-up

time was defined as the time from HCC diagnosis to the

last available follow-up visit. The length of survival was

considered from the date of HCC diagnosis to the date of

death or the date of last available follow-up visit.

Patients with confounding liver diseases were excluded

from the study including: seropositive hepatitis B or C

infection, hereditary hemochromatosis (by serum iron

indices in all patients and genetic testing, if indicated);

primary biliary cirrhosis (serum mitochondrial antibody

and compatible histology); primary sclerosing cholangitis

(by cholangiogram, if suspected); Wilson disease;

autoimmune hepatitis (based on serum markers and his-

tology); and alpha-1-antitrypsin deficiency (phenotypic

analysis, AAT levels). Patients with ‘‘significant alcohol

intake’’ were also excluded. According to the recent con-

sensus meeting [27] conclusion for NASH clinical trials,

significant alcohol consumption is defined as ongoing or

recent alcohol consumption (over a 2-year period prior to

baseline liver histology)[21 drinks on an average per

week in males and[14 drinks in females.

Statistical analysis

Data are presented as mean ± standard deviation or median

[25th, 75th percentiles] for continuous variables and N (%)

for categorical factors. A univariable analysis was performed

to assess differences between NAFLD patients with and

without cirrhosis. Wilcoxon rank sum and t tests were used

for continuous variables, and Pearson’s chi-square or Fish-

er’s exact tests were used for categorical factors.

Kaplan-Meier product limit estimates were used to

assess patient survival, and a log-rank test was used to

compare the groups. In addition, multivariable Cox

regression analysis was performed. A p value\ 0.05 was

considered statistically significant. SAS version 9.4 (The

SAS Institute, Cary, NC) was used to perform all analyses.

Results

Based on the selection criteria, a total of 83 patients were

identified with HCC arising in the background of NAFLD.

There were 36 patients with NAFLD and HCC in the NCL

(HCC-NCL) group and 47 patients in the NAFLD-HCC

and CL (HCC-CL) group. Average age at time of HCC

diagnosis was 65 ± 10 years, and 65 % were male.

Tables 1 and 2 present a summary of patient

characteristics.

Demographical and clinical variables

The results of comparison between two groups (CL and

NCL) were as follows:

Patients in the HCC-NCL group were older with a mean

age of 67.5 ± 12.3 years vs. 62.7 ± 8.1 years for patients

with HCC-CL, p value of 0.035 (Table 1). A significant

difference was noticed according to the race. While the

majority of patients were Caucasians in both groups, the

only four African American subjects were seen exclusively

in the NCL group.

In the HCC-NCL group, as expected, normal liver

enzymes, higher albumin and hemoglobin levels as well as

WBC and platelet counts and lower AST, total bilirubin,

INR and RDW-CV values were noted. Patients in the

HCC-NCL group were less likely to be obese (BMI[30)

(52 vs. 83 % in HCC-CL, p value of 0.003). Correspond-

ingly, metabolic syndrome was noticed more frequently

among HCC-CL patients (93 vs. 67 %, p value of 0.003).

A significant difference between two groups was

apparent with respect to diabetes mellitus. Patients in the

NCL group were less likely to have type 2 diabetes (38

vs. 83 %, p value\0.001). There were no statistically

significant differences between these two groups with

regard to hypertension, hyperlipidemia, smoking or alco-

hol consumption, or median values of AFP (ng/ml) (14.2

vs. 6.2 in the CL group), alkaline phosphatase (U/l) (94

vs. 143) and ferritin (ng/ml) (157.6 vs. 229.6) at the time

of diagnosis.

Characterization of histological features

Liver tissue for histological analysis was present in 79

patients (a specimen was obtained at the time of OLT in

34 patients, liver resection in 16 patients and liver biopsy

in 29 patients). Four patients did not have liver tissue

available. In patients with available liver tissue, liver

fibrosis was not present in 55.9 % of patients in the HCC-

NCL group (F0), stage 1 was present in 17.6 %, stage 2

in 8.8 % and stage 3 in 17.6 % (Fig. 1). Moreover, the

majority of NCL patients (87.6 %) had only grade 1

steatosis (5–33 %), and lobular inflammation was present

in 63.6 %. Importantly, compared to the HCC-CL group,

subjects in the HCC-NCL group were more likely to

present with a single nodule (80.6 vs. 52.2 %) and larger

nodule size ([5 cm) (77.8 vs. 10.6 %), p value\0.05 for

both. In addition, subjects without cirrhosis were less

likely to have Mallory bodies found on biopsy (0 vs.

25.5 %).
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HCC treatment and recurrence

Overall, patients in the NCL group were more likely to

have hepatic resection (66.7 vs. 17 %) or palliative treat-

ment (13.9 vs. 0 %) as the modality for HCC treatment,

and they were less likely to receive locoregional (including

chemoembolization and radiofrequency ablation) therapy

(22.3 vs. 61.7 %) or liver transplant (0 vs. 72.3 %),

p value\0.05 for all.

Recurrence information was only available for 58 sub-

jects (21 NCL and 37 CL). Patients in the NCL group were

more likely to have cancer recurrence (86 vs. 14 %), even

if there were no significant differences observed with

respect to tumor stage (presence of involved lymph nodes

or distant metastases) or tumor differentiation at time of

HCC diagnosis.

Survival analysis

Survival status was unknown for four subjects. Unadjusted

analysis indicates that CL group subjects have better sur-

vival than those in the NCL group, probably because (as

Table 1 Patient characteristics of the study population with HCC and NAFLD

Variable Total (N = 83) Non-cirrhotic (NCL) (N = 36) Cirrhotic (CL) (N = 47) p value

Age at HCC diagnosis 64.8 ± 10.4 67.6 ± 12.3 62.7 ± 8.1 0.035a

Race 0.032d

White 77 (92.8) 31 (86.1) 46 (97.9)

African American 4 (4.8) 4 (11.1) 0 (0.0)

Other 2 (2.4) 1 (2.8) 1 (2.1)

Male gender 54 (65.1) 21 (58.3) 33 (70.2) 0.26c

BMI[ 30 58 (69.9) 19 (52.8) 39 (83.0) 0.003c

Positive family history of cancer 34 (48.6) 14 (53.8) 20 (45.5) 0.50c

Diabetes 53 (63.9) 14 (38.9) 39 (83.0) \0.001c

Metabolic syndrome 63 (84.0) 19 (67.9) 44 (93.6) 0.003c

History of hypertension 60 (77.9) 22 (71.0) 38 (82.6) 0.23c

Elevation of TG[150 (mg/dl) 29 (48.3) 7 (43.8) 22 (50.0) 0.67c

Smoking 0.42c

Never 37 (46.8) 13 (39.4) 24 (52.2)

Current 3 (3.8) 2 (6.1) 1 (2.2)

Ex-smoker 39 (49.4) 18 (54.5) 21 (45.7)

Alcohol consumption 0.14c

Never 35 (46.1) 10 (33.3) 25 (54.3)

Current socially 23 (30.3) 12 (40.0) 11 (23.9)

Quit drinking 18 (23.68) 8 (26.7) 10 (27.8)

Statin use prior to HCC 11 (13.4) 3 (8.3) 8 (17.4) 0.23c

Metformin use prior to HCC 14 (16.9) 3 (8.3) 11 (23.4) 0.069c

Liver enzymes

ALT (U/l) 32.0 [21.5,55.0] 28.0 [18.0,63.0] 34.0 [24.0,55.0] 0.52b

AST (U/l) 52.0 [31.0,78.0] 31.5 [22.5,65.5] 58.0 [43.0,82.0] 0.003b

Total bilirubin (mg/dl) 0.70 [0.50,1.7] 0.50 [0.40,0.60] 1.5 [0.70,2.7] \0.001b

Albumin (g/dl) 3.8 [3.1,4.1] 4.0 [3.8,4.2] 3.3 [2.9,4.0] \0.001b

INR 1.1 [1.00,1.2] 1.00 [0.95,1.1] 1.2 [1.1,1.2] \0.001b

AFP (ng/ml) 6.9 [4.1,37.0] 14.2 [4.5,491.0] 6.2 [4.0,25.0] 0.084b

Alkaline phosphatase (U/l) 131.5 [82.0,183.0] 94.0 [78.0,171.0] 143.0 [96.0,190.0] 0.077b

Hemoglobin (g/dl) 12.8 ± 2.0 13.4 ± 1.7 12.3 ± 2.0 0.010a

WBC (k/ul) 6.2 ± 2.4 7.6 ± 2.0 5.3 ± 2.1 \0.001a

Platelet count (k/ul) 162.0 [98.0,248.0] 282.0 [215.0,338.0] 108.0 [77.0,150.0] \0.001b

Creatinine (mg/dl) 0.89 [0.70,1.06] 0.90 [0.70,1.03] 0.82 [0.71,1.1] 0.87b

Values presented as mean ± SD, median [P25, P75], median (min, max) or N (column %)

p values: a ANOVA, b Kruskal-Wallis test, c Pearson’s chi-square test, d Fisher’s exact test

Italic p values are statistically significant
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shown above) they were significantly younger and more

likely to have OLT. Nevertheless, after adjusting for age,

there is no evidence of a difference in 5-year survival rates

between the two groups (Fig. 2 presents the Kaplan-Meier

plot). Similarly, after adjusting for OLT, there is no

evidence of a difference in survival rates between the two

groups as well (data not shown). Multivariable Cox

regression analysis showed no difference in mortality

between the NCL and CL groups with a hazard ratio (95 %

CI) of 1.5 (0.57, 4.0), p value of 0.4. The only variable that

Table 2 Characteristics of HCC in cirrhotic and non-cirrhotic patients with NAFLD

Factor Overall (N = 83) Non-cirrhotic (N = 36) Cirrhotic (N = 47) p value

Number of nodules 0.005b

1 53 (64.6) 29 (80.6) 24 (52.2)

2 8 (9.8) 3 (8.3) 5 (10.9)

3 7 (8.5) 2 (5.6) 5 (10.9)

[3 14 (17.1) 2 (5.6) 12 (26.1)

Size of largest tumor \0.001b

\2 cm 9 (10.8) 1 (2.8) 8 (17.0)

2–5 cm 41 (49.4) 7 (19.4) 34 (72.3)

[5 cm 33 (39.8) 28 (77.8) 5 (10.6)

Presence of lymph node involvement

or metastatic disease

5 (6.2) 3 (8.6) 2 (4.3) 0.65d

Tumor differentiation (N = 71) 0.39c

Poorly differentiated 9 (12.7) 5 (16.7) 4 (9.8)

Moderately/well-differentiated 62 (87.3) 25 (83.3) 37 (90.2)

Treatment for HCC (non-exclusive)

Resection 32 (38.6) 24 (66.7) 8 (17.0) \0.001c

OLT 34 (41.0) 0 (0.0) 34 (72.3) \0.001c

Embolization 30 (36.1) 6 (16.7) 24 (51.1) 0.001c

Palliative 5 (6.0) 5 (13.9) 0 (0.0) 0.013d

RFA 7 (8.4) 2 (5.6) 5 (10.6) 0.69d

Tumor differentiation data were not available for 12 patients (4 did not have a biopsy and 8 did not have the tumor differentiation status in their

pathology report)

Values presented as mean ± SD, median [P25, P75], median (min, max) or N (column %)

p values: a ANOVA, b Kruskal-Wallis test, c Pearson’s chi-square test, d Fisher’s exact test

Italic p values are statistically significant
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HCC-NAFLD patients without
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was associated with increased mortality in NAFLD patients

with HCC with and without cirrhosis was age [for each

1-year increase in age, mortality increased by 10 %; hazard

ratio (95 % CI) of 1.10 (1.03, 1.2), p value of 0.004].

Discussion

The salient findings observed in the present study include:

(1) HCC can develop in NAFLD patients despite the

absence of fibrosis (fibrosis was absent on biopsy in 55.9 %

of NCL patients). (2) Obesity and diabetes background was

not present in striking proportions of the NCL group. (3)

HCC-NCL patients were more likely to present at an older

age with larger tumors and have higher rates of tumor

recurrence. (4) No survival difference was observed

between the two groups after adjustment for age and OLT.

Of 83 NAFLD-HCC patients in our study, 36 (43 %)

had no cirrhosis, which is similar to the prevalence of

NAFLD-HCC individuals without evidence of cirrhosis in

Ertle et al. [16] (41.7 %) and Duan et al. [28] (40 %).

Patients with HCC in NCL presented at an older age (mean

age of 67.5 ± 12.3 years) than patients with HCC in CL,

and this finding has also been documented in a previous

study [29].

It is not proven whether in these patients steatosis and/or

inflammation is sufficient alone or whether fibrosis is

needed to develop before HCC can arise. However, in our

analysis liver fibrosis was not present in 55.9 % of patients

in the HCC-NCL group. Moreover, there are multiple

theories suggesting the potential strong role of steatosis and

associated hormonal and inflammatory mechanisms in

hepatocarcinogenesis of HCC development in non-cirrhotic

NAFLD subjects [30, 31]. Therefore, further studies are

needed to elucidate the clear mechanisms for HCC in non-

cirrhotic fatty liver.

The cohort study ofAlexander et al. [32] characterized the

significant association between steatosis and/or steatohep-

atitis with HCC in 157 HCC patients in the background of

histologically proven non-cirrhotic hepatic steatosis. The

prevalence of both steatosis andNASH in non-cirrhotic HCC

was reported as significant as 54 and 15 %, respectively [32].

Additionally, the previous study reported HCC being more

prevalent in cases with higher grades of steatosis (88 % of

patients with grade 3 steatosis had HCC), in contrast to our

report, which showed the majority of HCC-NCL NAFLD

patients (87.6 %) had only mild steatosis.

On the other hand, another important point in under-

standing the nature of NAFLD-related HCC is its relation

to diabetes mellitus and metabolic syndrome. The data of a

recent retrospective study by Ertle et al. [16] on patients

with HCC revealed the patients with NAFLD/NASH-as-

sociated HCC exhibited a higher prevalence of metabolic

features including DM and hyperlipidemia compared to

people in non-NAFLD HCC patients. Nevertheless, in our

analysis HCC-NCL patients were interestingly less likely

to be obese (BMI[30) (52 vs. 83 % in CL group). Only

38 % had type 2 diabetes and 67.9 % had metabolic syn-

drome, whereas a significant proportion of patients with

cirrhosis had metabolic syndrome (n = 44, 93 %). These

findings are consistent with the few reported cases of HCC

that occurred in non-cirrhotic fatty livers despite the

absence of obesity, diabetes and other metabolic risk factor

[16, 32]. All of these observations raised the assumption

that NAFLD could be the primary risk factor for HCC

rather than obesity or diabetes, taking into account that

hepatic steatosis was also found to be present in 74 % of

patients with diabetes [8]. Our data demonstrated that

patients with NAFLD-associated HCC in the absence of

cirrhosis were more likely to present with a single nodule

(80.6 %) and larger nodule size ([5 cm) at time of HCC

diagnosis, and this finding goes along with the reports of

previous studies [29, 33, 34]. This finding was expected

because the current AASLD guidelines do not support

screening for HCC in non-cirrhotic patients with NAFLD,

allowing the tumor to become larger before identification

and potentially causing worse outcome.

The major strength of the analysis of this study is that

this is the first study in the USA, to our knowledge, to

directly describe the characteristics of patients with

NAFLD-associated HCC without a cirrhosis background

and perform a thorough comparison with HCC patients

with NAFLD-related cirrhosis. However, the present study

has some limitations due to the retrospective design and

small number of patients, which might lead to insignificant

findings in the statistical analyses.

Fig. 2 Five-year survival Post HCC diagnosis. Age-adjusted survival

rates

Hepatol Int (2016) 10:632–639 637

123



In conclusion, HCC in non-cirrhotic patients has distinct

features compared to HCC in CL; these patients present

incidentally with larger tumor size and have higher rates of

tumor recurrence, conferring an unfavorable prognosis.

Given the lack of currently effective therapeutic and pre-

ventive measures for NCL-NAFLD patients, major chal-

lenges still face physicians in terms of management of this

population. Therefore, targeting a novel specific risk factor

profile that defines NAFLD patients without cirrhosis as at

higher risk of developing HCC is necessary. Additionally,

further studies to identify the epidemiological associations

of HCC and NAFLD without cirrhosis and to assess the

cost-effectiveness of HCC surveillance in this population

group would be of interest and need to be conducted.
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