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Background: Although up to one in five cases of hepatocellular carcinoma (HCC) occurs in patients without cirrhosis, there is scarce 
literature characterizing non-cirrhotic HCC (NCHCC). Existing NCHCC research is primarily limited to surgical case series and there 
is a lack of data on unresectable NCHCC.
Aim: The purpose of this retrospective review was to compare the characteristics of unresectable NCHCC and cirrhotic hepatocellular 
carcinoma (CHCC).
Methods: A retrospective chart review of adult patients with unresectable HCC treated from 2007 to 2017 was performed at the 
University of Florida Shands Hospital. The data set was stratified into two cohorts: NCHCC and CHCC. Continuous variables were 
compared using Wilcoxon-Mann–Whitney tests and Kruskal–Wallis rank-sum tests. Categorical variables were compared using 
Pearson’s Chi-squared tests and Fisher’s exact tests. Overall survival was explored utilizing the Kaplan-Meier and log-rank method.
Results: There were 1494 adult patients included in the final analysis, including 264 patients (17.7%) with NCHCC and 1230 patients 
(82.3%) with CHCC. Median age was 61.0 years old and median follow-up time was 30.2 months. NCHCC patients were older than 
CHCC patients (66.3 years vs 61.9 years; p < 0.0001). NHCC tumors were larger than CHCC tumors (7.92 ± 4.85 vs 4.38 ± 3.12 cm; 
p < 0.0001) and more likely to be associated with distant metastases (23.35% vs 15.91%; p = 0.0055). There was no difference in 
overall survival, with a median of 23.5 months in NCHCC and 22.4 months in CHCC (p = 0.9196).
Conclusion: Our findings suggest that unresectable NCHCC and CHCC have unique characteristics but similar overall survival. To 
the best of our knowledge, this is the largest comparison of CHCC and NCHCC.
Keywords: hepatocellular carcinoma, cirrhosis, non-cirrhotic

Introduction
Liver cancer is the sixth most common malignancy globally and the third most common cause of cancer-related 
death.1 About 90% of liver malignancies are classified as hepatocellular carcinoma (HCC).2 Prevalence is highest 
in places with high rates of hepatitis B virus (HBV) and hepatitis C virus (HCV).3 While most HCC develops in 
the background of long-standing cirrhosis, non-cirrhotic HCC (NCHCC) accounts for up to 20% of all cases.4 The 
mechanisms by which HCC arises in cirrhotic and non-cirrhotic patients may be both be related to states of 
chronic inflammation, though inherited diseases, germline mutations, and genotoxic substances likely play a more 
important role in NCHCC.3 Additionally, chronic inflammation, in the form of non alcoholic fatty liver disease, 
for example, may contribute to the development of HCC in patients who have not yet developed cirrhosis.4 While 
the proportion of NCHCC is expected to increase, this subgroup has not been extensively characterized.4 The 
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main clinical characteristics, treatment patterns and prognosis of NCHCC are relatively unknown. Moreover, it is 
unclear if there is a difference in survival as compared with CHCC. Surgical resection is the mainstay of curative- 
intent treatment in NCHCC.3 Because non-tumoral hepatocytes are relatively normal in NCHCC, the risk of liver 
failure after resection is much lower than in the setting of CHCC.5,6 When NCHCC is resectable, 5-year survival 
rates are 40–70%.7 Because most patients without cirrhosis do not receive screening for HCC, however, diagnosis 
is often made in an advanced disease state.3

Because most literature on NCHCC comes from surgical studies, there is a lack of data on unresectable 
NCHCC.2,5,6 To fill this research gap, we reviewed all cases of unresectable NCHCC at our hospital over a ten- 
year period. The purpose of this retrospective review was to define the characteristics and long-term outcomes of 
unresectable NCHCC and compare them to CHCC.

Materials and Methods
Design
A retrospective chart review of adult patients treated from 2007 to 2017 was performed at the University of 
Florida Shands Hospital, a large academic tertiary care medical center in Gainesville, Florida, USA. Patients were 
identified using the ICD 10 code (International classification of diseases, 10th revision) of HCC (C22.0) and were 
included only if their tumor was considered unresectable Approval for this study was obtained from the University 
of Florida Institutional Review Board.

Patient Population and Data Collection
Our study population included adult patients 18 years and older. Demographic information included age at diagnosis, sex, 
race, body mass index (BMI), and smoking status. Records were evaluated for prior diagnoses of diabetes mellitus type 
2, coronary artery disease, and hypertension.

For patients with cirrhosis, the etiology was recorded. The presence of cirrhosis complications, including 
esophageal varices, spontaneous bacterial peritonitis, hepatic encephalopathy, and hepatorenal syndrome were 
documented. Baseline labs and Child-Pugh scores were recorded from the time of HCC diagnosis. Tumor char-
acteristics, treatment modalities, and cancer outcomes were also noted. Patients were excluded if follow-up period 
was under two years or if records were incomplete.

Statistical Analysis
Statistical review was performed by Hanzhi Gao, a biostatistician from the University of Florida College of 
Medicine. The data set was stratified into two cohorts: NCHCC and CHCC. Raw comparisons were made between 
the groups in terms of demographics, past medical history, labs at HCC diagnosis, and other HCC-related data. 
Continuous variables were compared using Wilcoxon-Mann–Whitney tests and Kruskal–Wallis rank-sum tests. 
Categorical variables were compared using Pearson’s Chi-squared tests and Fisher’s exact tests. Overall survival 
was explored utilizing the Kaplan-Meier and log-rank method. Univariate survival analysis was performed with 
Cox regression analyses. All statistical tests were two-sided, and the significance level was set at 0.05. Analyses 
were conducted using SPSS 28.0.1.0 (142) (IBM Corp, Armonk, NY).

Results
Patient Characteristics
Between 2007 and 2017, there were 1494 adult patients treated for unresectable HCC at the University of Florida 
Health system for whom adequate records existed. Among these patients, 264 (17.7%) had NCHCC while 1230 
(82.3%) had CHCC. For all patients, median age was 61.0 years old and median follow-up time was 30.2 months. 
Characteristics of patients with NCHCC and CHCC are provided in Table 1. Among the 1230 patients with 
cirrhosis, there were 716 patients (58.2%) with hepatitis C cirrhosis, 143 patients (11.6%) with alcoholic cirrhosis, 
and 63 patients (5.1%) with NASH cirrhosis. There were 9 patients (0.8%) with autoimmune hepatitis and 7 
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Table 1 Baseline Characteristics of Hepatocellular Carcinoma Patients with and without 
Cirrhosis

No Cirrhosis  
n = 264

Cirrhosis  
n = 1230

P

Age at diagnosis (years) 66.3 61.9 <0.0001

Sex 0.0403

Male 189 (72.1%) 942 (78.2%)

Female 73 (27.9%) 262 (21.8%)

Race 0.5937

American Indian/Alaska Native 0 (0%) 1 (0.08%)

Asian 12 (4.72%) 30 (2.52%)

Black or African American 23 (9.06%) 110 (9.25%)

Hispanic/Latino 14 (5.51%) 61 (5.13%)

Native Hawaiian or other Pacific Islander 0 (0%) 3 (0.25%)

White 196 (77.17%) 930 (78.22%)

Smoking 0.0014

Never 85 (33.20%) 287 (24.22%)

Active 44 (17.19%) 307 (25.91%)

Quit 127 (49.61%) 591 (49.87%)

Past medical history

Coronary artery disease 72 (27.27%) 226 (18.56%) 0.0018

Hypertension 157 (59.47%) 634 (51.92%) 0.0308

Type II diabetes 86 (32.58%) 409 (33.58%) 0.8091

Metformin use 34 (40.96%) 152 (38.29%) 0.7404

Insulin use 35 (36.08%) 62 (63.91%) 0.4841

Ascites 0 (0%) 649 (52.64%) <0.0001

Hepatic encephalopathy 0 (0%) 353 (28.63%) <0.0001

Spontaneous bacterial peritonitis 0 (0%) 53 (4.30%) 0.0012

Esophageal varices 0 (0%) 509 (41.28%) <0.0001

Hepatorenal syndrome 0 (0%) 40 (3.24%) 0.0058

Body mass index, mean 26.85 ± 5.74 27.95 ± 6.02 0.0373

Underweight (<18.50) 2.21% 1.8% 0.7521

Healthy (18.50–24.99) 30.39% 33.68%

Overweight (25.00–25.99) 33.70% 34.26%

Obese (≥ 30.00) 33.70% 30.28%
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patients (0.6%) with alpha-1 antitrypsin deficiency. The remaining 292 patients (23.7%) had cirrhosis that was 
either described as either multifactorial, cryptogenic, or unspecified.

Male predominance was higher in CHCC than in NCHCC (78.2% vs 72.1%; p = 0.0403), corresponding 
roughly to ratios of 3.5:1 in CHCC and 2.5:1 in NCHCC, respectively. Stigmata of decompensated cirrhosis were 
not found in the medical history of any NCHCC patient: 0 patients with NCHCC had a history of ascites, hepatic 
encephalopathy, spontaneous bacterial peritonitis, esophageal varices, or hepatorenal syndrome.

NCHCC patients were more likely than CHCC patients to have a history of coronary artery disease (27.27% vs 
18.56%; p = 0.0018) and hypertension (59.47 vs 51.92%; p = 0.0308). Patients with NCHCC were also more 
likely to have never smoked (33.20% vs 24.22%; p = 0.00014). Mean BMI was slightly higher in patients with 
CHCC than in NCHCC (27.95 vs 26.85; p = 0.0373). There was no significant difference in diagnosis of type II 
diabetes (p = 0.8091), metformin use (p = 0.7404), or insulin use (p = 0.4841).

On average, NCHCC patients were older than CHCC patients (66.3 years vs 61.9 years; p < 0.0001). However, 
the age distribution in NCHCC was bimodal (Figure 1). There was a higher proportion of NCHCC patients in the 
youngest two age groups, those aged 18–29 (3.0% vs 0.40%; p < 0.0001) and 30–39 (4.6% vs 1.0%; p < 0.0001), 
and also in the oldest two age groups, patients aged 70–79 (35.5% vs 15.5%; p < 0.0001), and 80 and above 
(12.2% vs 3.5%; p < 0.0001).

Disease Characteristics
NCHCC tumors were larger than those of CHCC (7.92 ± 4.85 vs 4.38 ± 3.12 cm; p < 0.0001) (Table 2). Patients 
with NCHCC were more likely to present with distant metastases (23.35% vs 15.91%; p = 0.0055). On laboratory 
evaluation, NCHCC were associated with higher sodium levels (138.0 5± 3.78 vs 137.16 ± 4.14; p = 0.0014), 
higher platelets (248.99 ± 122.06 vs 133.01 ± 80.07; p < 0.0001), lower bilirubin (1.1 9± 2.88 vs 1.76 ± 2.43;  
p = <0.0001), and lower INR (1.16 ± 0.32 vs 1.30 ± 0.63; p < 0.0001). There was no significant difference in AFP 
in NCHCC and CHCC at the time of diagnosis (5950.14 ng/mL ± 16,471.02 ng/mL vs 3856.5 6 ng/mL ± 
20,128.45 ng/mL; p = 0.8015) or at the time of disease progression (1989.17 ng/mL ± 3841.81 ng/mL vs 

Figure 1 Age distribution of patients without (left) and with (right) cirrhosis. A bimodal age distribution is observed in NCHCC. Patients with NCHCC had higher 
proportions of patients in the youngest two age groups, those aged 18–29 (3.0% vs 0.40%; p <0.0001) and 30–39 (4.6% vs 1.0%; p < 0.0001) also in the oldest two age 
groups, those aged 70–79 (35.5% vs 15.5%; p < 0.0001), and 80 and above (12.2% vs 3.5%; p < 0.0001). On average, patients with NCHCC were older than patients with 
CHCC (66.3 years vs 61.9 years; p < 0.0001).
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67,607.99 ng/mL ± 734,541.70 ng/mL; p = 0.6438). As compared to CHCC, NCHCC was less likely to be treated 
with TACE (32.8% vs 49.7%; p < 0.0001). There was no difference in likelihood of receiving Y-90 (19.5% vs 
20.9%; p = 0.6363). A lower percentage of patients with NCHCC received systemic therapy; however, this 
difference was not significant (18.9% vs 22.0%; p = 0.0562).

Table 2 Hepatocellular Carcinoma Disease Characteristics

No Cirrhosis  
n = 264

Cirrhosis  
n = 1230

P

Tumor size (cm); mean (range) 7.92 ± 4.85 4.38 ± 3.12 < 0.0001

Distant metastasis 60 (23.35%) 192 (15.91%) 0.0055

Lab values at HCC diagnosis (reference)

Sodium, mmol/l (136.0–145.0) 138.0 5± 3.78 137.16 ± 4.14 0.0014

Total bilirubin, mg/dl (0.0–1.0) 1.19 ± 2.88 1.76 ± 2.43 <0.0001

AST (0.0–37.0 IU/L) 111.90 ± 151.52 104.1 7 ± 119.39 0.0008

ALT (0.0–50.0 IU/L) 91.43 ± 129.65 75.61 ± 80.26 0.0637

Albumin (3.5–5.2 G/DL) 3.78 ± 0.68 3.42 ± 0.68 <0.0001

PT 14.05 ± 3.42 15.4 8± 6.76 <0.0001

INR (0.8–1.1) 1.16 ± 0.32 1.30 ± 0.63 <0.0001

Platelets, thousand/mm3 (150–450) 248.99 ± 122.06 133.01 ± 80.07 <0.0001

MELD 9.43 ± 4.82 11.94 ± 7.19 <0.0001

Alpha-fetoprotein ng/mL

At time of diagnosis (n = 1224)

Mean 5950.14 ± 16,471.02 3856.5 6 ± 20,128.45 0.8015

AFP ≥ 200 60 (28.85%) 337 (33.17%) 0.225

AFP ≥ 400 54 (26.01%) 267 (26.3%) 0.924

At time of disease progression (n = 187)

Mean 1989.17 ± 3841.81 67,607.99 ± 734,541.70 0.6438

AFP ≥ 200 10 (37.04%) 9 (33.33%) 0.056

AFP ≥ 400 91 ((56.88%) 81 (50.6%) 0.096

Treatment

Systemic therapy 50 (18.9%) 270 (22.0%) 0.0562

TACE 81 (32.79%) 587 (49.70%) <0.0001

Y-90 48 (19.51%) 244 (20.93%) 0.873

Median overall survival (months) 23.5 ± 4.34 22.4 ± 1.72 0.9196

Median progression-free survival (months) 23.5 ± 4.12 20.0 ± 1.79 0.5810
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Survival Analysis
There was no significant difference in overall survival, which was 23.5 ± 4.43 months in NCHCC and 22.4 ± 1.72 
months in CHCC (p = 0.9196) (Table 3, Figure 2). There was also no difference in median progression-free survival, 
which was 23.5 ± 4.12 months in NCHCC and 20.0 ± 1.79 months in CHCC (p = 0.581). On univariate analysis of 
NCHCC, increased risk of death was observed with age ≥65 (HR 1.605, 95% CI: 1.059–2.431; p = 0.023). For patients 
with CHCC, increased risk of death was observed with size ≥3.5 cm (HR 1.558, 95% CI: 1.318–1.814; p < 0.0001), BMI 
(HR 1.250, 95% CI: 1.028–1.519; p = 0.028), and age ≥65 (HR 1.204, 95% CI: 1.020–1.422; p = 0.030).

Figure 2 Kaplan-Meier survival curve depicting outcomes for patients with no cirrhosis (blue) and cirrhosis of any etiology (green). The curve shows that there was no 
significant difference in overall survival between groups. Median overall survival was 23.5 ± 4.34 months for patients without cirrhosis and 22.4 ± 1.72 months for patients 
with cirrhosis (p = 0.9196).

Table 3 Univariate Survival Analysis

No Cirrhosis Cirrhosis

HR (95% CI) P HR (95% CI) P

Age ≥ 65 1.605 (1.059–2.431) 0.023 1.204 (1.020–1.422) 0.030

Male sex 1.388 (0.899–2.142) 0.139 1.091 (0.897–1.326) 0.386

BMI > 30 kg/m2 1.160 (0.705–1.907) 0.559 1.250 (1.028–1.519) 0.028

Diabetes mellitus 1.082 (0.968–1.209) 0.233 1.165 (0.999–1.357) 0.053

Insulin use 1.165 (0.999–1.357) 0.051 1.264 (0.975–1.638) 0.077

Size ≥ 3.5 cm 1.712 (0.963–3.042) 0.052 1.558 (1.318–1.814) <0.0001

Distant metastases present 0.818 (0.447–1.494) 0.502 1.034 (0.843–1.267) 0.750

Systemic therapy 0.739 (0.489–1.117) 0.150 0.794 (0.664–1.049) 0.099

TACE (yes vs no) 1.031 (0.696–1.527) 0.880 0.972 (0.827–1.142) 0.727

Y-90 (yes vs no) 1.114 (0.639–1.790) 0.655 0.997 (0.815–1.219) 0.975
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Discussion/Conclusion
In this retrospective study, there was no statistically significant difference in OS between NCHCC and CHCC. Most 
literature on NCHCC has focused on resectable cases and, as a result, unresectable NCHCC has not been well studied. In 
this retrospective review, we collected data on cases of unresectable HCC and analyzed factors associated with NCHCC. 
To the best of our knowledge, this study is the largest analysis of NCHCC conducted to date. Our evidence supports some 
previously identified trends among unresectable NCHCC but also contradicts certain findings. Our data emphasize the 
need to understand NCHCC and CHCC as distinct entities with unique patient populations and disease characteristics.

Although NCHCC were larger and more likely to be associated with distant metastases, there was no difference in 
overall survival. This finding differs from the largest previously conducted analyses of NCHCC and CHCC, which took 
place in Germany and the Netherlands. In a German analysis of 1066 HCC including both resectable and unresectable 
disease, Weinmann and colleagues reported that NCHCC had an increased OS of 25.9 vs 14.3 months (P=0.0013).8 

Likewise, in an unselected Dutch cohort including 1221 HCC, van Meer and colleagues reported superior outcomes in 
NCHCC, with the absence of cirrhosis carrying a hazard ratio of 0.49 (0.38–0.63). Two older, smaller studies also found 
improved outcomes in NCHCC.9,10 By contrast, a study of 571 patients by Shute and colleagues did not report 
a difference in survival between CHCC and NCHCC.5 Of note, in the same cohort, NCHCC tumors twice as large as 
CHCC tumors (8 cm vs 4 cm), a finding replicated in our cohort.11 The larger tumor size and higher prevalence of 
metastases in both our cohort and the Dutch cohort is likely due in part to the lack of HCC screening in patients without 
cirrhosis.12

The patient characteristics in our cohort were similar to those reported previously. As a percentage of the whole, 
NCHCC accounted for 17.7% of all cases, a similar proportion to the 15–20% reported in unselected HCC cohorts in 
Western countries,5,8,11,13–15 though higher proportions have been reported in surgical case series.16 In Africa and Asia, 
where rates of hepatitis B and C are higher and CHCC is more common, the proportion of NCHCC is likely lower.3,17 

Previous studies have suggested a male predominance of around 75% in NCHCC and 85% in CHCC.11,18 Our cohort was 
similar, with a male predominance of 72% in NCHCC and 78% in CHCC. NCHCC has been reported to have a bimodal 
age distribution and CHCC a normal age distribution,19 this also being the case in our cohort: compared to CHCC, 
patients with NHCC had higher proportions of the youngest and oldest patients.

It has been suggested that NCHCC represents cancer arising in a damaged liver in a pathophysiological process 
similar to that seen in CHCC. Based on a small review of NCHCC at their institution, Schute and colleagues concluded 
that most cases of NCHCC are the result of liver damage sustained due to metabolic syndrome.5 They suggest that while 
patients with metabolic syndrome may not meet criteria for cirrhosis, the chronic liver damage due to non-alcoholic fatty 
liver disease (NAFLD) leads to HCC.5 To support this claim, they reference the fact that diabetes has been established as 
a risk factor for HCC.5,20 They also point out that many patients with NCHCC had severe liver dysfunction (more than 
a fifth had ascites) and therefore may have had undiagnosed NAFLD.5 Another explanation is that there was undiagnosed 
compensated cirrhosis in the NCHCC group.

In our cohort of NCHCC, it is unlikely that there were many cases of undiagnosed decompensated cirrhosis; none had 
a history of ascites, hepatic encephalopathy, spontaneous bacterial peritonitis, or esophageal varices. It is possible, 
however, that cases of asymptomatic compensated cirrhosis were missed. There were few signs of undiagnosed NAFLD, 
either, in our cohort: there were no differences in metformin use, insulin use, or rates of obesity between NCHCC and 
CHCC, and BMI was lower in NCHCC, though the presence of ascites in the CHCC group may have contributed to this. 
Based on our data, we conclude that NCHCC may arise in the absence of chronic inflammation associated with CHCC.

The pathophysiological etiologies of NCHCC and CHCC have been better elucidated in recent years and support the 
theory that the two arise from distinct mechanisms. CHCC is characterized by p53 alterations, often as a result of 
aberrant Wnt/β-catenin hyperactivation.21 NCHCC is more frequently associated with inactivation of global gene 
methylation, p14 inactivation, and p21 overexpression.21 In short, CHCC represents a stepwise process involving an 
insult, regenerative nodules, and dysplasia, leading to cancer while NCHCC represents de novo carcinogenesis.22

Our study had several limitations. For one, the retrospective nature makes it impossible to draw causal inferences. 
Tumor grade and definitive stage were not recorded and could represent confounding variables not accounted in the 
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analysis and represent major limitations to the study. Rates of viral hepatitis and alcohol use disorder were not gathered in 
the NHCC population, thus making it difficult to assess the rate of subclinical liver damage in the patients. Additionally, 
our data set comes from the time before the onset of the immunotherapy era. Since the approval of combination 
atezolizumab and bevacizumab in 2020, unresectable HCC treatment has now changed and this change is not reflected in 
our data set. Importantly, the diagnosis of cirrhosis was not definitively excluded in all patients in the NCHCC group; 
thus making distinctions between the groups less reliable. Finally, NCHCC had a bimodal age distribution but was treated 
as a homogenous group although older and younger patients likely have distinct clinical characteristics.

Our findings suggest that unresectable NCHCC and CHCC have unique characteristics but similar overall survival. 
We found that NCHCC tumors were nearly twice as large as CHCC tumors and more likely to present with distance 
metastases. In contrast to previous analyses of NCHCC, we found no survival difference between NCHCC and CHCC. 
To the best of our knowledge, this analysis represents the largest comparison of CHCC and NCHCC.
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