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A B S T R A C T 

 

Introduction 

 

Classically hepatocellular carcinoma (HCC) develops on a cirrhotic 

liver. In the last few decades, it was reported that a certain number of 

patients develop HCC in non-cirrhotic liver (NC- HCC) [1]. Occurrence 

of NC-HCC ranges from 7 to 54%, with significant geographical and 

etiological variability [2]. Recent data suggests that obesity, diabetes, 

non-alcoholic liver disease (NAFLD), especially in its progressive form 

(i.e. NASH), are risk factors associated with HCC development [2-5]. 

This represents an alarming issue, as the NAFLD prevalence globally is 

high and increasing (from 15% in 2005 to 25% in 2010), while the global 

prevalence of NASH among biopsied NAFLD patients during the same 

timeframe has almost doubled [6]. Therefore, our aim is to evaluate the 

clinical features of NC-HCCs and to compare them with C-HCCs. 

 

Materials and Methods 

 

All patients diagnosed with HCC and treated at the Department of 

Visceral Surgery and Medicine, University Hospital of Bern 

(Inselspital), were asked to participate in the prospective HCC cohort 
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from the University Hospital Bern (Bern HCC Cohort, BHC), 

Switzerland. The local ethics committee (Kantonale Ethikkommission 

Bern, Bern, Switzerland) approved collection of patient information and 

the study protocol (project-ID 2017-00957), which was consistent with 

the principles of the current version of the Declaration of Helsinki.  

 

Patient characteristics such as demographics, Model for End-Stage Liver 

Disease (MELD) score, Child Pugh class, complications (ascites, 

encephalopathy, varices), performance status (Eastern Cooperative 

Oncology Group performance status 0-5), Barcelona Clinic Liver Cancer 

(BCLC) HCC stage at diagnosis (A-D), presence of portal vein 

thrombosis or extrahepatic metastasis, medical comorbidities, were 

collected on entry into the Bern HCC cohort, which have been previously 

described by several authors [7-10]. Patients were classified as non-

cirrhotic, based on one of the following criteria: histology either in 

biopsy within 1 year of HCC diagnosis or in a resection specimen in 

combination with the absence of radiological features of cirrhosis, or 

endoscopic lack of varices and thrombocytopenia (platelets <150) and 

radiological absence of splenomegaly (spleen >11 cm) or absence of 

radiological features of cirrhosis and FibroScan values < 12.5KPa [11].  

 

Alcohol abuse was defined as a chronic alcohol intake exceeding 30 

g/day in men and > 20 g/d in women or if a history of chronic alcohol 

abuse was positive in the past medical history [12]. NAFLD was 

considered based on either documented steatosis/steatohepatitis on liver 

biopsy or based on ultrasonographic features of fatty liver if all other 

known etiologies of liver disease could be ruled out. HCV status was 

determined by the presence of positive anti-HCV or HCV RNA tests 

detected any time before or after HCC diagnosis. HBV was defined by a 

positive surface antigen. Patients having none of the known risk factors 

(i.e. HCV, HBV, hemochromatosis, Wilson disease, autoimmune 

hepatitis, alcohol abuse, primary biliary cholangitis, primary sclerosing 

cholangitis were classified as idiopathic HCC). 

 

The diagnosis and the treatment were performed in line with the current 

guidelines [13]. Patients were considered screened if they had previous 

negative screening test (imaging test +/- Alfa-fetoprotein) at 6 months 

interval within the 18 months preceding the diagnosis of HCC. 

Measurement of the tumor volume was calculated only for patients, who 

underwent resection, by using the following mathematical equation: 4/3 

πr3, where r is the maximum radius of each tumor. In the case of multiple 

tumors, the TTV was calculated through the sum of each tumor nodule.  

 

Statistical Analysis  

 

Data was expressed as median and interquartile range or means and 

standard deviations after testing the normal distribution. Normality of 

data was tested by Kolmogorov-Smirnov test. When comparing the 

baseline characteristics, the Student t-test and Mann‐Whitney U test 

were used for continuous data, and Chi-Square test for categorical 

variables. Overall, survival was defined as the time from HCC diagnosis 

to the time of death, the time of last follow-up evaluation or the date of 

data censoring. The Kaplan-Meier survival curves and log-rank tests 

were used to compare survival rates between the C-HCC and NC-HCC 

groups and between screened and non-screened C-HCC and NC-HCC 

group. Univariate and multivariate logistic regression analyses were 

performed to evaluate patient characteristics (i.e. sex, age, etiology of 

underlying liver disease, surveillance, extrahepatic metastasis, portal 

vein tumoral invasion, BCLC stage, therapies) associated with risk of 

mortality. A P value < 0.05 was considered statistically significant. All 

analyses were performed with SPSS version 25 (SPSS, Chicago, IL). 

 

Results 

 

Between the 1st of January 2010 and the 31st of August 2020, 483 HCC 

patients were included in the cohort study, of which 101 (20.9%) 

presented NC-HCC. Comparison of the baseline characteristics between 

the two groups revealed several significant differences (Tables 1 & 2).  

 

Table 1: Patient characteristics: comparison between non-cirrhotic and cirrhotic patients. 

 

Non-cirrhotic 

n=101 

Cirrhotic 

n=382 
P value 

N  N   

Age in years (mean, SD) 101 67.16(11.3) 382 63.85(9.14) P=0.001 

Gender (males) 101 77(76%) 382 327(86%) P=0.03 

Smoking  

Current  

98 

22(22.4%) 

373 

123(33%) 

P=0.131 Past  17(17.3%) 58(15.5%) 

Never  59(60%) 192(51.5%) 

BMI (Kg/m2)(mean SD) 101 26.11(5.1) 381 27.53(4.8) P=0.012 

Diabetes Yes 101 31(30.7%) 382 125(32.7%) P=0.698 

Etiology 

 

NAFLD 

101 

26(25.7%) 

382 

66(17.3%) 

P<0.001 

Alcohol 23(22.8%) 146(38%) 

HCV 20(19.8%) 85(22.3%) 

HBV 8(7.9%) 25 (6.5%) 

HCV+ 

alcohol 
2(2%) 40(10.5%) 

Other* 10(9.9%) 14(3.7%) 

Unknown  12(11.9%) 6(1.6%) 

ECOG PS ≥2 101 5(8%) 382 47(16%) P=0.078 
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Liver function  

Child 

Pugh  

A 

91 

79 (86.8%) 

345 

210(60.9%) 

P<0.001 B 12 (13.2%) 112(32.5) 

C 0 23(6.7%) 

MELD 

(median and 

IQR) 

100 

8 (6-11) 

380 

9.5 (7-12) P<0.02 

Values are presented as n (%), mean (SD, standard deviation), median (IQR, interquartile range). 

The p values apply to the cirrhotic versus non-cirrhotic group. P value was assumed to be significant when <0.05. 

N represents the patients’ number with available data. 

HCV: Hepatitis C Virus; HBV: Hepatitis B Virus; NAFLD: Non-Alcoholic Liver Disease; Other* include: hemochromatosis, primary biliary cholangitis, 

and autoimmune hepatitis; ECOG PS: Eastern Cooperative Oncology Group Performance Status; MELD: Model for End-stage Liver Disease. 

 

Table 2: Tumor characteristics and treatment assignment in the cohort population. 

Variable  
Non-cirrhotic 

n=101 
 

Cirrhotic 

n=382 
P value 

 N  N  

Screening program (yes)  98 19(19.4%) 368 167(45.3%) P<0.001 

Tumor characteristics 

BCLC stage 

0 

99 

1(1%) 

369 

29 (7.9%) 

P<0.001 

A 33(33.3%) 160(43.4%) 

B 39(39.4%) 86(23.3%) 

C 26(26.3%) 70(19%) 

D 0(0%) 24 (6.5%) 

First line 

therapy 

Transplant 

101 

3(3%) 

382 

30(7.9%) 

P<0.001 

Surgery 41(40.6%) 57(14.9%) 

Microwave 

ablation  
11(10.9%) 57(14.9%) 

Loco regional 

therapy 
12(11.9%) 80(20.9%) 

Systemic therapy 16(15.8%) 47(12.3%) 

Best supportive 

care 
18(17.8%) 111(29.1%) 

TTV, cm3 (median and IQR) 41 
1456(253- 

10348) 
57 179(36-523) P<0.001 

Values are presented as n (%), mean (SD, standard deviation), median (IQR, interquartile range). 

The p values apply to the cirrhotic versus non-cirrhotic group. P value was assumed to be significant when <0.05.  

N represents the patients’ number with available data. 

Locoregional therapy included TACE, yttrium‐90 radioembolization and external radiotherapy ± TACE, systemic therapy included treatment with Sorafenib 

and Nivolumab. 

SD: Standard Deviation; IQR: Interquartile Range; BCLC: tumor stage according to Barcelona Clinic Liver Cancer staging system; TTV: Total Tumor 

Volume, applies only for patients who underwent surgery. 

 

Patients with NC- HCC were significantly older (67.2±11 vs. 63.9±9) 

and had a higher female percentage C-HCC (24% vs. 14%, P<0.001).  

 

The main cause of subjacent hepatic disease in the NC-HCC group was 

NAFLD (25.7%), whereas in the cirrhotic group, it was alcohol abuse 

(26%). Despite detailed clinical and laboratory evaluation, 14.9% of NC-

HCC and 2.3% of C-HCC had no evident risk factor.  

 

A lower percent of NC-HCC patients was diagnosed during the 

surveillance programme (19.4% vs 45.3%, p<0.001). Even though the 

NC-HCC group was diagnosed in more advanced stages, 54.5% of them 

were assigned to percutaneous ablation or resection compared to 37.3% 

of C-HCC patients (P<0.001) (Table 2). NC-HCC patients who 

underwent liver resection had a TTV significantly higher than their 

counterparts (P<0.001). 

 

I Survival in Cirrhosis Versus No Cirrhosis HCC Patients 

 

Over a median follow-up of 69.4 months, the median survival of NC-

HCC patients was longer as compared to C-HCC patients, without 

reaching the statistical significance (34 months vs. 24 months, P=0.162) 

(Figure 1). 

 

Overall survival according to inclusion in a screening programme at 

diagnosis did not differ significantly among the NC-HCC patients (36.4 

vs 39.5 months, P=0.519), while in the cirrhotic group the screened 
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patients show a better overall survival than the non-screened ones (38.4 

vs. 15.7 months, P <0.001) (Figure 2). 

 

II Risk Associated with Mortality in Cirrhotic and Non-

Cirrhotic HCC Patients  

 

In the survival analysis both HCC group types involve different risk 

factors. In a univariate Cox regression analysis of the C-HCC group, the 

presence of portal vein thrombosis, extrahepatic metastases were 

independently associated with mortality, whereas BCLC stage (0-B) and 

treatment had a positive effect on survival. In the NC cohort, a unit 

increase in BMI was found as an independent factor for mortality, while 

BCLC stage (A-B) and treatment were associated with a good outcome 

(Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Kaplan-Meier curves for survival in C-HCC versus NC-HCC group. P=0.162. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Kaplan Meier estimated overall survival rates of screened and non-screened patients in A) NC-HCC group, P= 0.547 and in B) C-HCC group, 

P<0.001. 

 

Table 3: Univariate analysis of overall survival for C-HCC and NC-HCC patients. 

Variables 

Univariate analysis 

C-HCC  NC-HCC 

P value HR 95%Cl P value HR 95% Cl 

Age years: <65 vs. >65 0.121 0.815 0.628-1.056 0.915 0.945 0.506-1.840 

Gender: male vs. female 0.27 0.821 0.99-1.045 0.883 0.951 0.484-1.867 

BMI 0.22 1.017 0.806-1.431 0.047 0.929 0.863-0.999 

Diabetes: Yes vs. No 0.138 0.813 0.619-1.069 0.377 0.725 0.373-1.408 

Surveillance : Yes vs. No  <0.001 2.321 1.760-3.061 0.548 0.779 0.344-1.763 

Etiology  0.543 1.021 .955-1.091 0.443 1.052 0.925-1.197 

Extrahepatic metastasis: Yes 

vs. No 
<0.001 0.256 0.173-0.377 0.247 0.631 0.289-1.375 
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Portal vein invasion: Yes vs. 

No  
<0.001 0.153 0.107-.219 0.213 0.549 .214-1.410 

BCLC stage <0.001 2.289 2.010-2.607 0.028 1.655 1.057-2.591 

Treatment   <0.001 1.602 1.463-1.756 <0.001 1.348 1.143-1.589 

C-HCC: Cirrhotic Hepatocellular Carcinoma Group; NC-HCC: Non-Cirrhotic Hepatocellular Carcinoma Group, BMI: Body Mass Index (cm /kg2); BCLC: 

Barcelona Clinic Liver Cancer; 95% Cl: Confidence Interval. 

 

In the multivariate analysis of the C-HCC group, only BCLC stage C 

was associated with mortality, while all the therapeutic lines were 

associated positively with a good outcome. In the NC-HCC, each unit 

increase in BMI is associated negatively with survival while therapy 

(transplant, resection) was associated positively with survival (Table 4).  

 

 

Table 4: Multivariate analysis of overall survival for C-HCC and NC-HCC patients. 

Variables 

Multivariate Analysis 

C-HCC NC-HCC 

P value HR 95%Cl P value HR 95% Cl 

BMI - - - 0.048 0.905 .791-0.953 

Surveillance : Yes vs. No 0.64 1.265 0.907-1.764 - - - 

Extrahepatic metastasis: Yes vs. No 0.71 1.108 0.644-1.36 - - - 

Portal vein invasion: Yes vs. No 0.056 0.621 0.383-1.019 - - - 

BCLC stage 

 <0.001   0.374   

0 0.056 0.357 0.082-0.121 NA NA NA 

A 0.159 0.322 0.162-0.628 0.697 1.545 0.499-4.789 

B 0.952 1.026 0.439-2.410 0.510 0.833 .294-2.362 

C 0.039 2.100 1.038-4.248    

Treatment 

 <0.001   0.013   

Transplant <0.001 0.042 0.163-0.113 0.046 0.109 0.012-0.961 

Resection <0.001 0.125 0.042-0.613 0.002 0.044 0.021-0220 

RFA/MWA <0.001 0.260 0.301-0.403 0.972 0.001 0.027-1.101 

Loco-regional <0.001 0.194 0.093-0.473 0.097 0.165 0.02-1.382 

Systemic <0.001 0.249 0.131-0.901 0.079 0.213 0.038-0.642 

C-HCC: Cirrhotic Hepatocellular Carcinoma group; NC-HCC: Non-Cirrhotic Hepatocellular Carcinoma group; BMI: Body mass index (cm /kg2); BCLC: 

Barcelona Clinic Liver Cancer; 95% Cl: Interval de Confidenta; NA: Not Applicable. 

 

Discussion 

 

In our HCC cohort, the demographic characteristics (age, gender 

prevalence), risk factors, tumoral stage at diagnosis and treatment 

approach differed between NC-HCC and C-HCC. We found no 

statistically significant difference between the overall survival of NC-

HCC and C-HCC patients. In survival analysis both HCC groups 

involved different risk factors. Similar to several previous studies, our 

NC-HCC group was characterised by an older age and a higher females 

prevalence compared to the C-HCC group [2, 4, 14-16]. However, this 

observation was not confirmed by other studies [17, 18]. The main 

etiological factor in the cohort seems to be reason for the conflicting 

results, thus the cohorts in which HBV was the main risk factor had a 

younger population and higher male proportion, while the prevalence of 

NAFLD was associated with older age and female prevalence [19].  

 

Despite extensive tests, we could not establish the underlying liver 

disease in 14.9% of NC-HCC and 2.3% of C-HCC cases. Several 

pathologies have been recognised to be associated with HCC in the 

subgroup of patients for whom no other classic risk factor could be 

identified. Previous studies have found that obesity and type 2 diabetes 

are independent risk factors for HCC occurrence [20-23]. `These risk 

factors were present in 32% and 40%, respectively of NC-HCC without 

a classical risk factor. In addition, hypothyroidism, porphyria or other 

environmental factors have been proposed as possible associated 

conditions for HCC occurrence [24-26]. In our NC group two patients 

had hypothyroidism as the only associated pathology. In cirrhotic livers, 

the “burned-out NASH” was reported as the cause be the for the lack of 

histological changes [27].  

 

The positive impact of HCC surveillance in cirrhotic patients on an 

earlier diagnosis, assignment to curative therapy and a long-term 

survival is universally accepted. A matter of debate still is the benefit of 

a surveillance programme in NC patients outside the actual EASL 

guidelines (i.e. chronic HBV at intermediate or high risk of HCC and 

non-cirrhotic F3 patients, regardless of etiology). Based on EASL 

recommendation, 19.4% of NC-HCC patients in our cohort were 

diagnosed during a screening programme [28, 29]. However, it is 

important to mention that the rate of adherence to a screening 

programme in cirrhotic population was low, only 43.5%. The relative 

low adherence to surveillance (52%) is a serious problem and it was 

reported by Zhao C in recent metanalysis [30].  

 

In terms of survival, in our cohort the difference of survival time between 

the two groups did not reach the statistical significance. In previous 

studies, several groups reported that the NC-HCC group had a better 
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survival rate compared to C- HCC group but are also groups that did not 

find any significant difference [16, 31]. In contrast with the C-HCC 

group, in which the screened population had a significantly better 

survival rate, in the NC-HCC group, we found no statistically significant 

difference. In this context and considering that the cirrhotic patients 

showed a relative low adherence to the screening programme, the 

adherence of NC patients is questionable. In line with previous studies, 

in our cohort despite an advanced stage at diagnosis, the preserved liver 

function, allowed to be performed more aggressive therapies with a 

positive impact on survival [31]. This suggests indirectly that for NC-

HCC patients, BCLC staging is not suitable, since a high number of NC-

HCC patients could benefit from a more aggressive approach [32]. 

However, this advantage of a preserved liver function seems to be 

limited by the associated comorbidities (i.e. obesity). 

 

While the current study included a relatively large number of patients, it 

is limited by its retrospective nature and single center data. Moreover, 

since the diagnosis of HCC do not require a biopsy from the tumorous 

and non-tumorous liver tissue as part of the standard work-up, the 

number of patients with histology from non-tumorous tissue was rather 

small. However, a relative high percentage of NC-HCC patients was 

assigned to resection, which allowed us to have hepatic tissue available. 

Moreover, in our hospital during percutaneous ablation, biopsy is often 

performed. Despite available hepatic tissue, a certain degree of 

misclassification between ASH and NAFLD could not be avoided. 

Nevertheless, this study provides important overview on the differences 

between NC- HCC and C- HCC patients in a European cohort.  

 

In conclusion, NAFLD represents an important risk factor for the 

occurrence of HCC in non-cirrhotic livers. The lack of a screening 

programme for NC-HCC population results in an incidental and late 

HCC diagnosis. However, in the absence of cirrhosis, the majority of 

these patients are able to undergo curative treatment with no statistically 

significant difference in survival rates between groups. 
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