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transarterial embolization (TAE), high-risk characteristics (HRC), sorafenib (SOR),

lenvatinib (LEN), atezolizumab plus bevacizumab (AB), tyrosine kinase inhibitor (TKI),

adverse events (AE).

Lay summary:

 Understanding real-world clinical practice in non-cirrhotic patients is essential.

 We prospectively included 141 patients diagnosed with hepatocellular

carcinoma based on cyto-histology, in whom liver cirrhosis was ruled out



through biopsy, FibroScan® or a combination of laboratory and imaging criteria.

 Our results show that most patients were diagnosed at an early stage, with

single but relatively large lesions. Surgical resection was the main treatment,

and although recurrence was frequent, many patients were able to undergo

further curative treatment.

 In patients who underwent surgery, the presence of mVI/S and a sedentary

lifestyle were linked to a higher risk of mortality, highlighting the importance of

exploring ab initio liver transplantation and lifestyle interventions in the

management of NC-HCC.

 Survival in patients treated with systemic therapy was in line with clinical trial

results, and the safety profile seemed a bit more favorable.

ABSTRACT

Background and Aims: Prospective data on non-cirrhotic hepatocellular carcinoma

(NC-HCC) are scarce, mainly in Western countries. Characteristics, evolution,

prognostic factors and outcomes were analyzed.

Method: One hundred and forty-one NC-HCC diagnosed by histology were included in

a Spanish multicenter prospective registry (2018–2023) involving 23 centers. Liver

cirrhosis was excluded by histology, transient elastography or level 2 Mittal criteria.

Results: Underlying chronic liver disease was present in 77% of patients, mainly

MASLD/MetALD and viral. Using the aMAP risk score less than 10% of patients were

classified in the low-risk group. Fibrosis stage was 0-1 in 53%. A single nodule was

detected in 75%. The BCLC stage was 0 in 6.5%, A in 63.8%, B in 17.7%, C in 11.3% and

D in 0.7%. Initial treatment was surgical resection in 63.9%, ablation in 4.2%,

TACE/TARE in 13.5%, systemic therapy in 14.9%, and symptomatic treatment in 3.5%.

Median follow-up was 34.1 (IQR: 15.5–49.5) months. Median overall survival was 47.9

months (95% CI: not assessable), and global 1-, 3- and 5-year survival rate were 85%,

62.4% and 49.1%, respectively. AFP level (<20/≥20ng/ml) [HR: 2.63 (1.3–5.3), p=0.007]

was an independent predictor of survival.



In surgically treated patients, the 5-year recurrence rate and 5-year survival rate were

55.1% and 59.1%, respectively. Active lifestyle (HR 0.27 [95% CI: 0.09–0.8]) and

microvascular invasion and/or satellite nodules (HR 3.03 [95% CI: 1.18–7.75]) were

independent predictors of mortality.

Conclusions: Despite the lack of routine screening, most patients with NC-HCC were

diagnosed at early stages and treated with surgery. The main underlying etiology was

MASLD/MetALD and a sedentary lifestyle was associated with mortality, so

interventions to improve this aspect are essential.

Keywords: Hepatocellular carcinoma. MASLD. BCLC staging. Surgical resection.

Lifestyle, Systemic therapy.

INTRODUCTION

Hepatocellular carcinoma (HCC) occurs mostly in patients with liver cirrhosis1,2, in

whom screening is recommended in clinical guidelines1-3. Screening in selected non-

cirrhotic (NC) patients is an emerging trend, prompted by increased risk in those with

metabolic dysfunction–associated steatotic liver disease (MASLD)-related or hepatitis

B virus (HBV)-related liver disease1,2,4-7, and by the global rise in MASLD prevalence4,7.

Surgical resection (SR) is the main HCC treatment in NC patients due to the possibility

of more extensive hepatectomies1-3,8,9. Generally, SR achieves good results in selected

patients with a 5-year survival rate of 51-60%10-12, but 5-year recurrence rate is high at

40-60%11-13. Microvascular invasion (mVI) and satellite nodules (S)14,15 are the main

factors associated with recurrence9,10,13,16,17.

Most historical reports find that NC-HCC were predominantly solitary (80-81%) with a

median size of 6.5–9.3 cm9,18 and those patients had better overall survival (OS)

compared to cirrhotic HCC11,18-20. However, two recent studies, among the patients

who underwent surgery, did not find significant differences for recurrence free survival

(RFS) and OS9,21.



There is scarce information on the therapeutic possibilities and outcomes of these

patients. Previous studies are retrospective and mainly consist of surgical series.

Moreover, strategies such as ab initio liver transplantation (LT) in patients with high-

risk of aggressive recurrence16 or the efficacy and safety of systemic therapy (ST) have

not been studied in NC-HCC patients specifically.

MATERIAL AND METHODS

Patient cohort and study design: We performed a prospective Spanish multicenter

study in NC patients with HCC diagnosed by cyto-histology, in accordance with

international consensus diagnostic criteria1-3, involving 23centers. The inclusion period

was May 2018–October 2022. The patients were enrolled consecutively with the aim

of obtaining a representative sample of our country and censored at death, last

medical contact or end of follow up until September 2023. Liver cirrhosis was excluded

by histology, according to METAVIR score22; by transient elastography (TE) (FibroScan®,

Echosens, Paris, France), using a cut-off value of <9kPa to exclude advanced

fibrosis/cirrhosis in chronic liver disease due to HBV and <10 kPa in other etiologies23;

or by level 2 Mittal criteria, which include laboratory and abdominal imaging data18,24.

Interim analyses were conducted periodically to monitor data quality and recruitment

progress. During follow-up, data were successfully retained for most included patients

— only 6 patients were lost to follow-up. Figure 1.

Etiological study of underlying liver disease was conducted25-27. A liver without fibrosis

(fibrosis 0) and no underlying liver disease was considered a healthy liver.

At diagnosis, patients were asked to complete a lifestyle questionnaire assessing

smoking, coffee and tea intake, physical activity level (classified as sedentary or active,

with “active” defined as walking at least 3 times per week for a minimum of 30

minutes at an intensity higher than normal walking), dietary habits (processed meat

and fruit/vegetable intake), and residential history (rural vs. urban). Completion was

done independently or with physician assistance (n=95/141 all group, n= 67/90 surgical

group).



Surveillance risk scores were calculated: aMAP in all patients28, and PAGE-B in patients

with HBV patients5,6.

HCC was diagnosed either through follow-up ultrasonography at non-fixed intervals or

incidentally, via imaging for unrelated reasons or symptoms.

Therapeutic strategies were individualized following guidelines recommendations1-3.

The selection of ST depended on the therapeutic options available during the study

period, influenced by national funding policies in Spain.

Outcomes: We analyzed patients´ baseline characteristics to identify potential risk

factor, tumor features, and predictors of survival and recurrence. Covariates included

in the multivariate model were selected based on clinical relevance and statistical

significance in univariate analysis (p <0.05). To avoid collinearity, variables that were

closely related—such as BCLC stage and ECOG—were not included in the same

multivariate model.

In surgically treated patients, surgical technique, complications (Clavien-Dindo

classification29) and surgical pathology of HCC30, included mVI/S14-16 were described.

Biopsies were examined by an expert pathologist at each center.

In patients treated by ST we reviewed safety profile and survival benefit.

Ethical considerations: The study was performed in accordance with the Declaration of

Helsinki, as reflected in a priori approval by the Clinical Research Ethics Committee of

Toledo (CEIM HUT/2018/261).

Statistical analysis: Quantitative variables were summarized as median (IQR), and

qualitative variables as counts and percentages. Survival and recurrence were analyzed

using Kaplan-Meier curves with medians and 95% CIs; group differences were assessed

with the log-rank test. Cox regression was used to estimate HRs and 95% CIs for factors

associated with OS and recurrence. All tests were two-sided, with p < 0.05 considered

significant. Analyses were performed using IBM SPSS Statistics v22.0 (IBM Corp.,

Armonk, NY).

RESULTS

One hundred and forty-one patients with NC-HCC were included. Liver cirrhosis was

excluded by histology in 86.5%, TE in 7.1% and level 2 Mittal criteria in 6.4%.



Patients´ baseline characteristics.

Among all HCC patients in the study cohort, median age was 70 years, 85.1% were

male, 37.6% had diabetes and 29.1% had other cancers.

An underlying liver disease was identified in 77.3% of patients: 27.6% MASLD/MASLD

and increased alcohol intake (MetALD), 25.5% viral markers (17% HCV, 8.5% HBV)

with/without alcohol associated liver disease (ALD), 13.5% ALD only, 4.3% hereditary

hemochromatosis, 2.1% other causes, and 4.3% unknown. Eighty-one percent of viral

hepatitis cases were untreated before HCC diagnosis. The aMAP score classified 8.5%

as low risk. Fibrosis stage was 0-1 in 53.2%, 2 in 17%, 3 in 16.3%, and unknown in

13.5%. Table 1.

Tumor features.

All study cohort (n=141).

In 19.9% the diagnosis was made by follow-up ultrasonography, 56% was incidental

and 24.1% by symptoms.

A single nodule was detected in 75.2%. The median size of the main nodule was 59

(IQR 32.5 – 87) mm. Only 9.2% had macrovascular invasion and 2.8% had extrahepatic

spread. The differentiation degree was: 32.6% well-differentiated, 53.9% moderately

differentiated, 7.1% poorly differentiated, 1.4% undifferentiated, and 5% other

histologic variants. Only 26.9% had alpha-fetoprotein (AFP) >20ng/ml and 18.4% >200

ng/ml. The Barcelona Clinic Liver Cancer (BCLC) stage was 0 in 6.5%, A in 63.8%, B in

17.7%, C in 11.3% and D in 0.7%.

Surgically treated patients (n=90 patients).

A single nodule was detected in 85.6%. The median size of the main nodule was 49

(IQR 26–88.5) mm. AFP level was >20ng/ml in 21.1%. Table 1.

Treatment.

All study cohort (n=141).

The main initial treatment was SR in 63.8% (n=90). Other initial treatments were

transarterial chemoembolization (TACE) or radioembolization (TARE) in 13.5 (n=19), ST

in 15% (n=21), percutaneous ablation in 4.2% (n=6) and best supportive care in 3.5%

(n=5).



Surgically treated patients: Operative data, postoperative complications, and surgical

pathology (n=90 patients).

SR was performed in 90 patients (63.8%), of whom 7 previously had TACE/transarterial

embolization (TAE).

Resection was anatomical in 85.6% (40% laparoscopy and 45.6% laparotomy) and non-

anatomical in 14.4% (1.1% laparoscopy and 13.3% laparotomy), with major liver

resection in 22.2% and Pringle maneuver in 46.6%. Thirty-day hospital readmission was

required in 6.7%, mainly due to infections. Postoperative complications occurred in

18.7% of patients: 9.9% grade II, 3.3% grade III, 3.3% grade IV, and 2.2% grade V

(perioperative mortality), according to the Clavien-Dindo classification.

The surgical specimen had mVI/S in 25.3%, presence of high-risk characteristics (HRC)17

in 63.2% and capsule in 36.8%.

Survival and recurrence.

All study cohort (n=141): survival.

Median follow-up was 34.1 (IQR: 15.5–49.5) months, with 33.3% of patients in

remission (n= 47) and 44.7% of patients died (n=63), 31.2% (n= 44) of them due to

liver-related causes. Median OS was 47.9 months (95% CI: not assessable). The global

1-, 2-, 3-, 4- and 5-years survival rate was 85%, 70.9%, 62.4%, 49.1% and 49.1%,

respectively.

Lifestyle, ALBI score, APRI index, differentiation degree, ECOG, AFP level, BCLC stage,

and initial treatment, were predictors of mortality in the univariate analysis, but only

AFP level (<20/≥20ng/ml) [HR: 2.63 (1.3–5.3), p=0.007] and surgical resection as initial

treatment [HR: 0.09 (0.01–0.79), p=0.003] were independent predictors of mortality.

Table 2. Figure 2.

Surgically treated patients (n=87): recurrence and survival.

After a median follow up of 40.4 months (IQR: 27.2–54.5), 52.9% (n=46) of patients

remained in remission, 44.8% (n=39) experienced recurrence and 2.3% (n=2) died

during the perioperative period. The median time to recurrence was 48.4 months (95%

CI: 32–64.7). The 1-, 3- and 5-year recurrence rates were 16.5%, 38.2% and 55.1%,

respectively. Median RFS was 37.9 months (95% CI: 25.8–50.1).

Postoperative complications: 16 pacients (17.7%).
• Clavien Dindo I-III: 11 pacients (12.2%):

- Post surgical abscess: 6 events.
- Hematoma/dehiscence/seroma: 4 events.
- Bowel obstruction: 1 event.

• Clavien Dindo IV y V: 5 pacients (5.5%):
 IV: 3 resolved events (3.3%)

- Liver failure.
- Infectious complication.
- Infectious complication + biliary.

 V: 2 events of perioperative mortality (2.2%).



Sequential therapy due to first recurrence was administered in 87.2% (n=34/39), while

12.8% (n=5/39) received only symptomatic treatment. About half of the patients were

managed with curative-intent approaches, including repeat SR (33,3%) or ablation

(10.3%) – four of them received a LT and remained in remission at the end of follow-

up. The remaining patients received TACE (12.8%), ST (25.6%), or other modalities

(5.1%).

28.7% of patients (n=25) died, 19.5% (n=17) of them due to liver-related causes and

9.2% (n=8) due to non–liver-related causes (2 cardiovascular, 2 infections, 1 metabolic,

1 other cancer, 2 unknown) in 6 patients with MASLD/MetALD/ALD and 2 with other

underlying liver diseases.

The 1-, 2-, 3-, 4- and 5-year survival rate was 95.6%, 85.3%, 78.8%, 64.5%, and 59.1% in

the surgical group, respectively. Figure 2.

Predictive factors of recurrence and mortality in the surgically treated patients.

Lifestyle, AFP level, mVI/S, and presence of HRC17 were predictive factors for

recurrence in the univariate analysis, but only active lifestyle [HR: 0.16 (0.05–0.49),

p=0.013] and HRC [HR: 3.26 (1.34–7.96), p=0.009] were independent predictive factors

of relapse.

Differentiation degree, mVI/S and lifestyle were predictors of mortality in the

univariate analysis, and mVI/S [HR: 3.03 (1.18–7.75), p=0.021] and active lifestyle [HR:

0.27 (0.09–0.8), p=0.018] were independent predictors of mortality. Table 2. Figure 3.

Systemic therapy (n=47).

Forty-seven patients out of 141 (33.3%) were treated with ST in our series: 21 patients

(44.7%) at diagnosis (BCLC C 25.6%, BCLC B 19.1%); 26 patients (55.3%) due to

progression/recurrence.

First line (1L) drugs were sorafenib (SOR) 59.6%, lenvatinib (LEN) 14.9%, atezolizumab

plus bevacizumab (AB) 19.1% or others 6.4%. Twenty-nine percent and 8.5% were

treated with 2 or 3 lines, respectively. AFP level was higher than 200ng/ml in 25.5% at

initiation ST.

The median follow-up was 29.1 (IQR 10–43) months. The median treatment time was 9

months (95% IC: 4.4 – 13.6): 7 months (95% CI: 0–14) in tyrosine kinase inhibitor (TKI)

(SOR/LEN) group and 16 months (95% CI: 0–35) in AB group; p=0.3. The median OS



from ST initiation was 16.3 months (95% CI: 9.8–22.7), and no significant difference

was observed between the different 1L drugs: TKI 13.4 months (95% CI: 8–19) and AB

26.3 months (95% CI: 13–39) (p=0.35).

Regarding safety data, adverse events (AE) of any grade were 77.8% for SOR, 80% for

LEN, and 62.5% for AB. First-line treatment was discontinued in 34% due to

symptomatic progression, 14.9% radiological progression, and 12.8% severe AEs;

38.3% continued treatment.

DISCUSSION

This is the first prospective multicenter study on NC-HCC, which accounts for 14-20%

of all HCC cases1-4,19,20.

In our series, the patients were predominantly male, with a mean age of 70 years, and

almost 40% had diabetes. A lifestyle questionnaire showed that over 50% of patients

had a sedentary lifestyle, about 75% were active/ex-smokers and over 50% were

active/ex-drinkers. Our findings are in keeping with what has been reported in the

literature: male gender, smoking, alcohol consumption, older age and type 2 diabetes

were independent risk factors for developing NC-HCC, in addition to certain high-risk

genetic variants10,19.

The main risk factors related to NC-HCC were the presence of chronic liver disease due

to MASLD/MetALD and viral etiology4,19,20 and 23% of patients had a healthy live. HCC

in MASLD is characterized by a lower percentage of underlying cirrhosis compared to

other liver diseases9,31. However, the risk is too low to justify the use of universal

surveillance31, especially since abdominal ultrasound has a lower sensitivity7 in this

population. The aMAP system, which identifies increased HCC risk in patients with any

liver disease25, classified under 10% of our patients as low risk. The PAGE-B score, used

for chronic HBV⁵,⁶, correctly classified all HBV patients as intermediate/high risk.

Although 80% of cases were symptom-based or incidental diagnoses, stage 0-A

predominated (70.2%), with a high rate of single lesions (75%), which were

nevertheless large (median size of 6 cm). Larger early-stage single lesions have been

described by other studies9,19,20 and might reflect a distinct tumour biology in NC-HCC,

characterized by a greater propensity for intrahepatic growth, and a high proportion of



well and moderately differentiated tumors10,18,19. Several epidemiologic studies have

reported a higher proportion of early-stage HCC in NC patients9,19. However, other

retrospective studies11,18 have shown a higher proportion of advanced stages. In our

series, periodic imaging – whether for the evaluation of other cancers or irregular

ultrasound follow-up of liver disease – may have contributed to the low rates of

macrovascular invasion (<10%) and extrahepatic spread (<5%).

Median OS in our series was 47.9 months, and 3- and 5-year survival rates were 62.5%

and 49.1% respectively, longer than what was reported in an American19 and a French

multicenter study in MASLD patients9.

AFP level (≥20ng/ml) was a predictor of worse survival independent of BCLC in all

patients group. Our new findings in NC-HCC should prompt specific future research,

especially in patients with underlying viral hepatitis and MASLD, etiologies in which

AFP levels were higher.

SR is the cornerstone of NC-HCC management19,20, due to the absence of portal

hypertension and a preserved liver function8. Our surgical cohort achieved 3- and 5-

year survival rates of ~ 80% and 60%, respectively, similar to the current series10 and

higher than older series probably due to improvements in surgical technique and

better perioperative management. There was a low perioperative mortality (2.2%),

similar8 or lower10,21 to other series. Mortality from non-liver-related causes was 32%,

mainly in patients with MASLD/MetALD, who have high cardiovascular risk.

Recurrence remains a major challenge in NC-HCC, with reported 3- and 5-year rates of

33–52% and 40–60%, respectively11-13. In our cohort, recurrence occurred in 38.2% at 3

years and 55.1% at 5 years, with a median time to recurrence of 48.4 months and

median RFS of 37.9 months. Multivariate analysis identified mVI/S as an independent

predictor of mortality, consistent with its strong association with recurrence reported

in the literature9,10,13-17.

Sequential therapy was administered to 87.2% of patients with recurrence and

approximately half of the patients were retreated with curative intention (new SR, LT,

or ablation). Similarly, a French study reported 86.6% retreatment, 32.6% with curative

intent10. Repeat resection in recurrence has been linked to a 67% 5-year survival32.

Four of our patients with recurrence were treated with salvage LT. Moreover, the risk-



benefit balance of ab initio LT should be specifically evaluated in NC-HCC, as its single

but important advantage is the prevention of potentially incurable tumor recurrence.

A study is needed to evaluate the benefit of ab initio LT in these NC patients, defining

selection criteria—including mVI/S—and comparing this strategy to individualized

close follow-up for patients at high risk of recurrence to increase the probability of

sequential curative treatment, including salvage LT. Currently, in the absence of data,

the individual risk of aggressive tumor recurrence must be weighed against the risk of

post-transplant mortality due to common comorbidities in MASLD patients or

complications related to immunosuppression.

We used a simple questionnaire to classify participants as active or sedentary to

facilitate efficient data collection. A more active lifestyle was independently associated

with improved overall survival. In an experimental model using PTEN-deficient mice,

exercise reduced HCC growth and incidence, but not steatosis33. These findings are

hypothesis-generating and highlight physical activity as a potential target for risk

stratification and behavioral intervention.

In our series, ST was more frequently required for recurrence/progression than as first-

line therapy for advanced disease. A limited group of patients opted for 2nd and 3rd ST

lines, probably because the same type of ST was continued beyond radiological

progression, mainly with SOR at the beginning of the study. Median OS was similar to

clinical trials data and safety profile was slightly better34,35, being severe AE an

uncommon reason for discontinuation.

This study has some limitations. Firstly, histological assessment was performed at each

participating center, but previous data support high interobserver agreement19 and

METAVIR score is well-standarized. Secondly, the absence of cirrhosis was not assessed

exclusively by histopathological criteria; non-invasive data were also used18,23,24 in

some non-surgical patients, which may imply possible misclassification of non-cirrhotic

status. Nevertheless, this approach has allowed us to collect a representative series

reflecting the current epidemiological situation in our country. Thirdly, we employed a

non-validated physical activity questionnaire. Finally, the main ST used was TKI

reflecting the treatment era, but we have been able to explore the efficacy and safety

of newer therapies.



Conclusion

In this multicenter prospective study on NC-HCC, most patients were diagnosed at an

early stage, with single but relatively large lesions and underwent SR. MASLD/MetALD

was the leading etiology, and a sedentary lifestyle was linked to higher mortality.

These findings underscore the importance of lifestyle interventions at all stages of

disease. Our series highlight the need for further studies regarding ab initio LT in NC-

HCC and cost-effectiveness of screening in NC patients with different underlying liver

diseases.
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Table 1. Epidemiological, clinical and tumor features of all study cohort patients and

surgical treated patients.

CHARACTERISTICS

ALL STUDY COHORT

NC-HCC PATIENTS

(n=141)

SURGICALLY

TREATED NC-HCC

(n=90)

Age (years), median (IQR) 70 (63-77) 70.4 (62-77)

Male, n (%) 120 (85.1%) 75 (83.3%)



Caucasian race, n (%) 137 (97.2%) 87 (96.7%)

BMI (kg/m2), median (IQR) 26 (24-30) 26 (24-30)

AHT, n (%) 84 (59.6%) 51 (56.7%)

DM, n (%) 53 (37.6%) 32 (35.6%)

Metabolic syndrome, n (%) 51 (36.2%) 68 (75.6%)

≥ 1cardiovascular risk factor, n (%) 109 (77.3%) 32 (35.6%)

No HCC family history, n (%) 3 (2.1%) 3 (2.1%)

HIV, n (%) 3 (2.1%) 1 (1.1%)

Toxic habits, n (%):

- Smoker/past smoker

- Drinker/past drinker

105 (74.2%)

74 (52.2%)

64 (71.3%)

41 (45.9%)

Other cancers, n (%)

≥2 other cancers, n (%)

41 (29.1%)*

8 (5.7%)

23 (25.6%)

4 (4.4%)

Coffee drinkers, n/total (%) 71/93 (76.3%) 50/67 (74.6%)

Active lifestyle, n/total (%) 45/95 (47.4%) 37/67 (55.2%)

Urban area n/total (%) 85/116 (73.3%) 53/77 (69%)

Hepatology follow-up, n (%) 22 (31%) 22 (24.4%)

Healthy liver, n (%) 32 (22.7%) 17 (18.9%)

Underlying liver disease, n (%):

-MASLD †

-MetALD

-HCV

-HCV +/- ALD

-HBV

-HBV+HCV+ALD ‡

-ALD

-HH +/- ALD

-Others §

-Unknown

109 (77.3%)

34 (24.1%)

5 (3.5%)

19 (13.5%)

4 (2.8%)

12 (8.5%)

1 (0.7%)

19 (13.5%)

6 (4.3%)

3 (2.1%)

6 (4.3%)

73 (81.1%)

22 (24.4%)

4 (4.5%)

12 (13.3%)

4 (4.5%)

7 (7.8%)

0

12 (13.3%)

5 (5.5%)

3 (3.3%)

4 (4.5%)

Fibrosis stage, n (%):

-F0-1 75 (53.2%) 52 (57.8%)



-F2

-F3

-Unknown

24 (17%)

23 (16.3%)

19 (13.5%)

18 (20%)

17 (18.9%)

3 (3.3%)

PAGE B score n/total (%)

-Low risk group (<10 points)

-Intermediate risk group (10-17)

-High risk group (≥18 points)

0

8/12 (66.7%)

4/12 (33.3%)

0

5/7 (71.4%)

2/7 (28.6%)

Modified PAGE-B score n/total (%)

-Low risk group (<8 points)

-Intermediate risk group (8-13)

-High risk group (>13 points)

0

3/12 (25%)

9/12 (75%)

0

2/7 (28.6%)

5/7 (71.4%)

aMAP risk score, n (%)

-Low risk group (<50 points)

-Intermediate-risk group (50-60)

-High risk group (>60 points)

12 (8.5%)

52 (36.9%)

77 (54.6%)

8 (8.9%)

37 (41.1%)

45 (50%)

APRI, n (%):

-Low risk group (<1)

-Intermediate-risk group (1-2)

-High risk group (>2)

121 (85.8%)

15 (10.6%)

5 (3.5%)

82 (91.1%)

6 (6.7%)

2 (2.2%)

FIB-4, n (%)

-Low risk group (<1.6)

-Intermediate-risk group (1.6-3.6)

-High risk group (>3.6)

42 (29.8%)

84 (59.6%)

15 (10.6%)

28 (31.1%)

55 (61.1%)

7 (7.8%)

Elastography (kPa), total n

Median (IQR)

(n=49)

6.75 (5.63-8.8)

(n=33)

6.8 (5.7-8.9)

ALBI score, n (%):

-Grade 1 (≤-2.6)

-Grade 2 (-2.6 – -1.39)

-Grade 3 (>-1.39)

95 (67.4%)

39 (27.6%)

7 (5%)

65 (72.2%)

23 (25.6%)

2 (2.2%)

Bilirubin (mg/dl), median (IQR) 0.7 (0.49-1) 0.7 (0.49-1)

Albumin (g/dl), median (IQR) 4.1 (3.8-4.4) 4.1 (3.9-4.4)



Creatinine (mg/dl), median (IQR) 0.87 (0.7-1.08) 0.9 (0.7-1.06)

Sodium (mEq/L), median (IQR) 140 (138-142) 140 (138-142)

Platelets (x1012/L), median (IQR) 202 (175-247) 200 (176-240)

Prothrombin time (%), median (IQR) 93 (81-100) 95 (83-100)

*Cancer types: colorectal cancer (11), others in digestive system (2), head and neck

cancer (9), urologic cancers (renal 5, prostate 5, others 5), lung cancer (5), basocellular

skin carcinoma (2), breast cancer (2), others (lymphoma 1, thyroid 1, endometrium 1,

retroperitoneal sarcoma 1). †1 MASLD+occult HBV. ‡Antiviral treatment before HCC

diagnosis: none 80.9%, oral antiviral agents for chronic hepatitis B 6.4%, direct-acting

antivirals for chronic hepatitis C 9.9%, peginterferon and ribavirin 2.1%, antivirals VHB

+ direct-acting antivirals HCV 0.7%. §Other etiologies: 1 primary biliary cholangitis, 1

overlap primary biliary cholangitis+autoimmune hepatitis, 1 drug induced liver injury.

TUMOR FEATURES

ALL STUDY COHORT

NC-HCC PATIENTS

(n=141)

SURGICALLY TREATED

NC-HCC PATIENTS

(n=90)

HCC diagnosis, n (%):

• Follow-up US* 28 (19.9%) 21 (23.3%)



• Incidental

• Symptoms

79 (56%)

34 (24.1%)

51 (56.7%)

18 (20%)

Ruptured HCC, n (%) 7 (5%) 4 (4.4%)

Number of nodules, n (%):

• Single nodule

• 2 nodules

• >2nodules

106 (75.2%)

16 (11.3%)

19 (13.5%)

77 (85.6%)

11 (12.2%)

2 (2.2%)

Size (mm) median (IQR) 59 (32.5-87) 49 (26-88.5)

Macrovascular invasion, n (%) 13 (9.2%) 2 (2.2%)

Extrahepatic spread, n (%) 4 (2.8%) 1 (1.1%)

Differentiation degree, n (%):

• WD

• MD.

• PD

• U

• Others

46 (32.6%)

76 (53,9%)

10 (7,1%)

2 (1,4%)

7 (5%) ‡

26 (29%)

55 (61.1%)

4 (4.4%)

1 (1.1%)

4 (4.4%) §

AFP ng/ml (total n)

Median (IQR):

• ≥20ng/ml, n (%)

• ≥200ng/ml, n (%)

(n=135)

4.4 (2.1-41)

38 (26.9%)

26 (18.4%)

(n=85)

3.6 (2-13.6)

19 (21.1%) ||

11 (12.9%)

Typical hallmarks CT/MRI†,

n (%) 83 (58.9%) 54 (60%)

ECOG, n (%):

• 0

• 1

• 2

• 3

112 (79.4%)

25 (17.7%)

3 (2.1%)

1 (0.7%)

80 (88.9%)

10 (11.1%)

0

0

BCLC stage, n (%):

• 0

• A

• B

9 (6.4%)

90 (63.8%)

25 (17.7%)

7 (7.8%)

72 (80%)

9 (10%)



• C

• D

16 (11.3%)

1 (0.7%)

2 (2.2%) fj

0

*Periodicity according to the physician responsible. †The combination of

hypervascularity in late arterial phase and washout on portal venous and/or delayed

phases ‡Fibrolamellar (2); clear cell HCC (1); §surgically treated cases: clear cell HCC

(2), hepatocholangiocarcinoma (1), mixed neuroendocrine-non neuroendocrine

neoplasm with a component of HCC (1). ||Liver disease etiology: 9 viral (4 HCV and 5

HBV), 5 MASLD, 3 ALD, 2 others. fj 1 patient with vascular invasion and tumour

involvement of the diaphragm, treated surgically due to severe secondary pain; 1

patient with unclear vascular invasion prior to surgery, later confirmed.

ABBREVIATIONS: NC-HCC: non-cirrhotic hepatocellular carcinoma, BMI: body mass

index, AHT: Arterial hypertension, DM: Diabetes mellitus, HIV: human

immunodeficiency virus, MASLD: Metabolic dysfunction associated steatotic liver

disease, MetALD: MASLD and increased alcohol intake, ALD: alcohol associated liver

disease, HH: Hereditary haemochromatosis, US: ultrasonography, WD: Well-

differentiated, MD: Moderately differentiated, PD: Poorly differentiated, U:

Undifferentiated. kPa: kilopascals. AFP: alpha-fetoprotein, CT: computed tomography,

ECOG: Eastern Cooperative Oncology Group, BCLC: Barcelona Clinic Liver Cancer.

Table 2 (A). Univariate and multivariate analyses of mortality risk factors in all study

cohort patients.

UNIVARIATE

ANALYSIS OF

MORTALITY RISK

FACTORS (all group)

Death

HR

(95%CI)

p

value

No (n=78) Yes (n=63)

Median (IQR)

n (%)

Median (IQR)

n (%)



Age at diagnosis

(years)

70.5

(63 – 77)

70

(62 – 77)

0.99

(0.97 –

1.02)

0.47

Sex (male) 63 (80.8%) 57 (90.5%) 0.61

(0.26 –

1.42)

0.25

BMI (kg/m2) 26

(24 – 30)

27

(24 – 29)

0.97

(0.91 –

1.03)

0.36

AHT (yes) 43 (58.1%) 41 (67.2%) 1.32

(0.77 –

2.26)

0.31

DM (yes) 26 (33.3%) 27 (42.9%) 1.36

(0.82 –

2.24)

0.23

Toxic habits:

Smoker (yes)

Drinker (yes)

53 (71.6%)

32 (43.2%)

48 (77.4%)

39 (62.9%)

1.11

(0.61 –

2.01)

1.53

(0.91 –

2.56)

0.74

0.11

Other cancers (yes) 20 (25.6%) 21 (33.3%) 1.3

(0.78 –

2.23)

0.3

Coffee drinkers (yes) 40 (78.4%) 31 (73.8%) 0.79

(0.4 – 1.59)

0.53

Active lifestyle (yes) 29 (55.8%) 16 (37.2%) 0.53

(0.28 –

0.99)

0.048

Underlying liver 19 / 43 / 16 19/31/13 1.16 0.34



disease: viral/non-

viral/healthy liver

(55.1/24.4/20.5

%)

(30.2/49.2/20.6%

)

(0.85 –

1.58)

Fibrosis stage: F0-1/

F2-3

47 / 25

(60.3/32.1%)

28 / 22

(56 / 44%)

1.33

(0.76 –

2.33)

0.31

APRI index: Low /

intermediate / high

risk

70 / 6 / 2

(89.7 / 7.7 /

2.6%)

51 / 9 / 3

(81 / 14.3 / 4.8%)

1.65

(1.01 –

2.68)

0.045

FIB-4 index low/

intermediate / high

risk

27 / 44 / 7

(34.6/56.4/9%)

15 / 40 / 8

(23.8/63.5/

12.7%)

1.37

(0.9 – 1.09)

0.14

ALBI score: 1 / 2 / 3 55 / 22 / 1

(70.5 / 28.2 /

1.3%)

40 / 17 / 6

(63.5 / 27 / 9.5%)

1.55

(1.009 –

2.37)

0.045

Platelets (x1012/L) 210

(176 – 240)

192

(163 – 267)

1

(0.997–1.00

4)

0.78

HCC diagnosis:

Follow-up

US/incidental/sympto

ms

16 / 48 / 14

(20.5/61.5/17.9

%)

12/31/20

(19/49.2/31.7%)

1.28

(0.89 –

1.86)

0.19

Differentiation

degree: WD/MD vs

PD/U

74 / 2

(97.4 / 2.6%)

48 / 10

(82.8 / 17.2%)

3.44

(1.73 –

6.82)

0.000

1

AFP (ng/ml): <20/≥20 59 / 14

(80.8 / 19.2%)

31 / 25

(59.7/40.3%)

2.64

(1.58 – 4.4)

0.000

1

AFP level (ng/ml) 3 (1 – 8.3) 8.5 (2.4 – 246) 1 (1 – 1) 0.000

1

ECOG: 0/≥1 74 / 4

(94.9/5.1%)

38 / 25

(60.3/39.7%)

3.86 0.000

1



(2.34 –

6.42)

BCLC staging system:

Stage 0-A / B / C / D

66 / 9 / 3 / 0

(84.6/11.5/3.8%

)

33 / 16 / 13 / 1

(52.4/25.4/20.6/1

.6%)

3.55

(2.55 –

4.94)

0.000

1

Initial treatment:

SR/ablation/locoregi

onal/ST/symptomatic

62 / 3 / 8 / 4 / 1

(79.4/3.8/10.3/

5.1/

1.3%)

28 / 2 / 11 / 17 /

4

(44.4/3.2/17.5/2

7/

6.3%)

2.04

(1.67 –

2.49)

0.000

1

MULTIVARIATE ANALYSIS

OF MORTALITY RISK

FACTORS (all group)

HR (95%CI) p value

Active lifestyle 0.66 (0.31 – 1.4) 0.28

APRI index 1.02 (0.5 – 2.1) 0.97

ALBI score 0.9 (0.47 – 1.72) 0.75

Differentiation degree 1.14 (0.38 – 3.4) 0.81

AFP (ng/ml): <20/≥20 2.63 (1.3 – 5.3) 0.007

BCLC staging system:

Stage 0-A / B / C / D

1.15 (0.5 – 2.66) 0.74

Initial treatment:

 SR

 Ablation

 Locoregional

 ST

 Symptomatic

0.09 (0.01 – 0.79)

0.25 (0.01 – 4.8)

0.22 (0.03 – 1.86)

0.73 (0.12 – 4.3)

Ref.

0.03

0.36

0.17

0.73



Table 2 (B). Univariate and multivariate analyses for recurrence and mortality risk

factors in surgical treated patients.

UNIVARIATE ANALYSIS

FOR RECURRENCE

(surgical group)

Recurrence

HR

(95%CI)

p

value

No (n=48) Yes (n=39)

Median (IQR)

n (%)

Median (IQR)

n (%)

Age at diagnosis (years) 72

(63.5 – 77.7)

67

(60 – 75)

0.98

(0.95 –

1.01)

0.205

Sex (male) 43 (89.6%) 29 (74.4) 2.44

(1.18 –

5.03)

0.015

BMI (kg/m2) 26

(24 – 30)

26.5

(24 – 30)

1.02

(0.94 –

1.104)

0.61

AHT (yes) 24 (51.1%) 24 (61.5%) 1.66

(0.85 –

3.27)

0.14

DM (yes) 17 (35.4%) 14 (35.9%) 1.01 0.96



(0.53 –

1.95)

Toxic habits:

 Never

smoker/smoker.

 Never

drinker/drinker.

35 (74.5%)

24 (51.1%)

24 (64.9%)

15 (40.5%)

0.59

(0.3 –

1.18)

0.67

(0.35 –

1.3)

0.14

0.24

Other cancers (yes) 11 (22.9%) 12 (30.8%) 1.5

(0.76 –

2.97)

0.24

Coffee drinkers (yes) 28 (58.3%) 20 (69%) 0.504

(0.23 –

1.12)

0.092

Active lifestyle (yes) 20 (55.6%) 9 (30%) 0.39

(0.17 –

0.85)

0.019

Underlying liver disease:

viral/non-viral/healthy

liver

12 / 28 / 8

(25/58.3/16.7%)

11 / 22 / 6

(28.2/56.4/15.4%)

1.13

(0.73 –

1.73)

0.59

Fibrosis stage: F0-1 / F2-3 30 / 17

(63.8/36.2%)

21 / 16

(56.8 / 43.2%)

1.2

(0.63 –

2.3)

0.58

APRI: Low / intermediate

/ high risk group.

43 / 3 / 2

(89.6/6.3/4.2%)

36 / 3

(92.3 / 7.7%)

0.64

(0.22 –

1.87)

0.42

FIB-4: low / intermediate

/ high risk group.

15 / 30 / 3

(31.3/62.5/6.3%)

12 / 23 / 4

(30.8/59/10.3%)

1.04

(0.61 –

1.77)

0.9

ALBI score: 1 / 2 / 3 35 / 13 28 / 9 / 2 1.31 0.41



(72.9 – 27.1%) (71.8/23.1/5.1%) (0.69 –

2.48)

Platelets (x1012/L) 203

(176 – 236)

191

(176 – 246)

1

(0.99 –

1.004)

0.88

HCC diagnosis: Follow-up

US/incidental/symptoms

12 / 28 / 8

(25/58.3/16.7%)

9 / 23 / 7

(23.1/59/17.9%)

1.04

(0.65 –

1.67)

0.86

Differentiation degree:

WD/MD vs PD/U

45 / 2

(95.7/4.3%)

34 / 3

(91.9/8.1%)

2.45

(0.75 –

8.03)

0.14

AFP (ng/ml): <20/≥20 38 / 7

(84.4/15.6%)

27 / 10

(73/27%)

1.7

(0.83 –

3.56)

0.14

AFP level (ng/ml) 3 (2 – 8.6) 4.6 (2 – 37.5) 1 (1 – 1) 0.004

Main nodule size (cm) 42.5 (25 – 77) 50 (30 – 91) 1.005

(0.99 –

1.011)

0.17

ECOG: 0/≥1 43 / 5

(89.6 / 10.4%)

37 / 2

(94.9 / 5.1%)

0.51

(0.12 –

2.13)

0.36

Type of surgical

resection:

• Anatomical

laparoscopy

• Anatomical laparotomy

• Non-anatomical

laparotomy

19 (39.6%)

23 (47.9%)

6 (12.5%)

16 (41%)

18 (46.2%)

5 (12.8%)

0.89

(0.61 –

1.31)

0.57

Major liver resection 12 (25%) 6 (16.2%) 0.88

(0.37 –

2.11)

0.77



ASA physical status

classification system: 1-2

/ 3-4.

23 / 25

(47.9/52.1%)

25 / 12

(67.5/ 32.5%)

0.82

(0.57 –

1.17)

0.27

mVI/S 10 (20.8%) 12 (31.6%) 2.08

(1.05 –

4.14)

0.037

HRC 25 (52.1%) 30 (78.9%) 2.95

(1.35 –

6.45)

0.007

MULTIVARIATE ANALYSIS

FOR RECURRENCE

(surgical group)

HR (95%CI) p value

Active lifestyle 0.16 (0.05 – 0.49) 0.013

AFP level 1 (1 – 1) 0.15

mVI/S 1.59 (0.67 – 3.79) 0.29

HRC 3.26 (1.34 – 7.96) 0.009



UNIVARIATE ANALYSIS OF

MORTALITY RISK

FACTORS (surgical group)

Death

HR

(95%CI)

p

value

No (n=62) Yes (n=25)

Median (IQR)

n (%)

Median

(IQR)

n (%)

Age at diagnosis (years) 69.5

(62.5 – 76)

72

(60.5 – 77)

0.49

(0.11 –

2.07)

0.33

Sex (male) 49 (79%) 23 (92%) 0.99

(0.95 –

1.03)

0.72

BMI (kg/m2) 26

(24 – 30)

27

(25 – 31)

1.07

(0.98 –

1.18)

0.146

AHT (yes) 32 (54.2%) 16 (64%) 1.64

(0.72 –

3.73)

0.24

DM (yes) 19 (30.6%) 12 (48%) 2.17

(0.98 –

4.79)

0.055



Toxic habits:

 Smoker (yes).

 Drinker (yes).

41 (69.5%)

24 (40.7%)

18 (72%)

15 (60%)

0.89

(0.37 –

2,16)

1.46

(0.66 –

3.27)

0.81

0.35

Other cancers (yes) 13 (21%) 10 (40%) 2.08

(0.93 –

4.63)

0.074

Coffee drinkers (yes) 34 (79.1%) 14 (56%) 0.52

(0.21 –

1.29)

0.159

Active lifestyle (yes) 24 (54.5%) 5 (22.7%) 0.239

(0.87 –

0.66)

0.006

Underlying liver disease:

viral/non-viral/healthy

liver

16 / 35 / 11

(25.8/56.5/17.7%)

7 / 15 / 3

(28/60/12%)

0.9

(0.52 –

1.57)

0.72

Fibrosis stage: F0-1 / F2-3 39 / 21

(65 / 35%)

12 / 12

(50 / 50%)

1.68

(0.75 –

3.74)

0.204

APRI: Low / intermediate /

high risk group.

57 / 4 / 1

(91.9/6.5/1.6%)

22 / 2 / 1

(88/8/4%)

1.12

(0.44 –

2.88)

0.81

FIB-4: low / intermediate /

high risk group.

20 / 36 / 6

(32.3/58.1/9.7%)

7 / 17 / 1

(28 / 68 /

4%)

0.5

(0.2 – 1.4)

0.21

ALBI score: 1 / 2 / 3 47 / 15 / 0

(75.8 / 24.2%)

16 / 7 / 2

(64/28/8%)

1.75

(0.86 –

3.59)

0.125



Platelets (x1012/L) 205

(175 – 239)

192

(177 – 249)

1.001

(0.99 –

1.006)

0.58

HCC diagnosis: Follow-up

US/incidental/symptoms

13 / 37 / 12

(21/59.7/19.4%)

8 / 14 / 3

(32 / 56 /

12%)

0.67

(0.37 –

1.21)

0.18

Differentiation degree:

WD/MD vs PD/U

59 / 1

(98.3 / 1.7%)

20 / 4

(83.3 /

16.7%)

3.92

(1.34 –

11.52)

0.013

AFP (ng/ml): <20/≥20 47 / 11

(81 / 19%)

18 / 6

(75/25%)

1.39

(0.55 –

3.5)

0.48

AFP (ng/ml) 3 (2 – 9.45) 4.8 (1.8 –

29.5)

1

(0.99 –

1.001)

0.54

Size (mm) 46.5

(25.7 – 70)

45

(25.5 – 96.5)

1.004

(0.99 –

1.01)

0.35

ECOG: 0/≥1 59 / 3

(91.9 / 8.1%)

22 / 3

(88% / 12%)

1.72 (0.59

– 5.03)

0.32

Type of surgical resection:

• Anatomical laparoscopy

• Anatomical laparotomy

• Non-anatomical

laparotomy

24 (38.7%)

30 (48.4%)

8 (12.9%)

11 (44%)

11 (44%)

3 (12%)

0.9

(0.56 –

1.43)

0.66

Major liver resection 14 (23%) 4 (16.7%) 0.88

(0.301 –

2.59)

0.82

ASA physical status

classification system: 1-2 /

3-4.

37 / 24

(60.7/39.3%)

11 / 13

(45.8/54.2%)

1.4

(0.88 –

2.22)

0.157



mVI/S 12 (19.7%) 10 (40%) 2.61

(1.68 –

5.83)

0.019

HRC 37 (60.7%) 18 (72%) 1.69

(0.71 –

4.07)

0.24

MULTIVARIATE ANALYSIS

OF MORTALITY RISK

FACTORS (surgical group)

HR (95%CI) p value

Active lifestyle 0.27 (0.09 – 0.8) 0.018

mVI/S 3.03 (1.18 – 7.75) 0.021

Differentiation degree 1.46 (0.44 – 4.85) 0.53

ABBREVIATIONS: BMI: Body Mass Index, AHT: Arterial hypertension, DM: Diabetes

mellitus, HCC: hepatocellular carcinoma, US: ultrasonography, WD/MD: Well-

differentiated/Moderately differentiated., PD/U: Poorly differentiated

/Undifferentiated AFP: alpha-fetoprotein, ECOG: Eastern Cooperative Oncology Group,

BCLC: Barcelona Clinic Liver Cancer, SR: surgical resection, ST: systemic therapy, mVI/S:

microvascular invasion and/or satellitosis, HRC: high-risk characteristics17.



Legends for all figures

FIGURE 1



Figure 1. Flow diagram of patient selection and subgroup analyses.





Figure 2. Cumulative overall survival in all study cohort according to BCLC staging

system, initial treatment and AFP level.

Median OS according to BCLC staging system (n=141, 63 events): 0 and A median OS

not assessable, B 25.1 months (CI95%: 5.5-44.7), C 8.3 months (95%CI: 2.2-14.5), D 0.9

months; p=0.0001.

Median OS according to initial treatment (n=141, 63 events): loco-regional treatment

(TACE/TARE) 32.8 months (95%CI: 10.5-55.3), systemic therapy 10 months (95%CI:

6-14) and symptomatic treatment 1.4 months (95%CI: 0.6-2.3); SR and ablation:

median OS not assessable; p=0.0001.



Median OS according to AFP level (n= 135, 62 events): <20ng/ml 54.3 months (95%CI:

not assessable) and AFP≥20 ng/ml 20 months (CI95%: 9.2-30.8); p=0.0001.

ABBREVIATIONS: BCLC: Barcelona Clinic Liver Cancer, SR: surgical resection, TACE:

transarterial chemoembolization, TARE: transarterial radioembolization, AFP: alpha-

fetoprotein.





Figure 3. Recurrence and survival in surgically treated patients according to mVI/S and

lifestyle.

Median time to recurrence (n= 86, 38 events) was 56.3 months (95%CI: not assessable)

in patients without mVI/S and 25.9 months (95%CI: 0.001 – 52.8) in patients with

mVI/S.

Recurrence at 1-, 2- and 4-years was 38.1, 49.4% and 64% in patients with mVI/S and

9.5%, 25.9 and 45.3% in patients without mVI/S, respectively; p=0.033.



Median OS (n=86, 25 events) was 43.2 months (95%CI: 36.6 – 49.9) in patients with

mVI/S and not assessable in patients without mVI/S. Survival at 1-, 2- and 4-years was

95.5%, 77% and 43.9% in patients with mVI/S and 96.9%, 92.1% and 73.8%, in patients

without mVI/S and respectively; p=0.015.

Median time to recurrence (n= 66, 30 events) was 28.8 months (95%CI: 6 – 51) in

patients with sedentary lifestyle and not assessable in patients with active lifestyle.

Recurrence at 1-, 2- and 4-years was 22.2%, 44.4% and 66.2%, in patients with

sedentary lifestyle and 10.5%, 17.9% and 31.1% in patients with active lifestyle,

respectively; p=0.015.

Median OS (n=66, 22 events) was 45.9 months (95%CI: 35 – 56) in patients with

sedentary lifestyle and not assessable in patients with active lifestyle. Survival at 1-, 2-

and 4-years was 94.6%, 81.1% and 49.2% in patients with sedentary lifestyle and 100%,

92.9% and 79.6% in patients with active lifestyle, respectively; p=0.003.

ABBREVIATIONS: mVI/S: microvascular invasion and/or satellitosis.


