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Management of recurrent hepatocellular carcinoma (HCC) from nonalcoholic fatty liver 

disease (NAFLD), the fastest rising HCC etiology,1 is critical given the extremely high 

recurrence rate even after surgical therapies with curative intent (70% within 5 years of 

treatment).2 Prediction of HCC recurrence is expected to guide decision of neo/adjuvant 

therapies currently under active development.3 For more precise recurrence prediction to 

enable rational interventions with clinically available molecular targeted and/or immune-

based agents, it is important to predict both of the following 2 distinct types of recurrence, 

that is, disseminative recurrence originating from microscopic dissemination of HCC cells 
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from surgically resected tumor, and de novo recurrence attributable to independent tumor 

clones newly arisen from NAFLD-affected liver.2 Clinically, the former is observed within 

1–2 years after surgical resection as early recurrence, whereas the latter is often observed 

thereafter as late recurrence, recognized as 2 peaks in recurrence hazard plot over time after 

the surgery.2

We previously identified a hepatic transcriptome signature, prognostic liver signature (PLS)-

NAFLD, that stratified NAFLD patients according to future HCC risk.4 In HCC-naïve 

NAFLD patients, PLS-NAFLD identified low-risk individuals who were HCC-free over 15 

years of longitudinal followup. These low-risk NAFLD patients therefore could be spared 

from the guideline-recommended semiannual HCC screening to mitigate the burden on the 

screening program, which is already overwhelmed with the vast size of the NAFLD patient 

population.5 In contrast, in surgically treated NAFLD-related HCC patients, PLS-NAFLD 

successfully predicted post-surgical HCC recurrence (adjusted hazard ratio [aHR], 2.28; 

95% confidence interval [CI], 1.02–5.07), but the residual risk of HCC recurrence in the 

low-risk patients was substantial (3-year recurrence rate of 40% mostly occurred with 2 

years).4 This observation suggested that the nontumor liver-derived PLS-NAFLD does not 

capture the risk of disseminative recurrence. In fact, the recurrence hazard plot showed a 

sharp peak of early recurrence within 2 years after surgery (Figure A).

To refine the recurrence prediction in patients with NAFLD-related HCC, we defined a 

tumor-derived transcriptomic signature associated with the recurrence in the derivation 

cohort of 45 patients who underwent surgical HCC resection, among which 25 (56%) 

experienced recurrence (Table A1), by using genome-wide transcriptome profiles generated 

with RNA-Seq (see Supplementary Methods). We identified a 410 gene signature, consisting 

of 328 high- and 82 low-risk genes (Figure B, Table A2) as Disseminative Recurrence 

Signature for NAFLD-related HCC (DRS-NAFLD). DRS-NAFLD was associated with 

tumor stage and histological nuclear atypia. Among the high-risk genes, SPP1 (encoding 

osteopontin) is known to promote tumor progression, metastasis, and escape from antitumor 

immunity via induction of suppressive immune checkpoint proteins.6 CD36 encodes a fatty 

acid receptor and promotes HCC progression by regulating aerobic glycolysis through 

Src/PI3K/AKT axis.7 Among the low-risk genes, ACVR2A was reported as a potential 

tumor suppressor and its somatic mutation is more frequently observed in NAFLD-related 

HCC.8 Molecular pathway analyses revealed that DRS-NAFLD is highly associated with 

cell proliferation, especially TP53- and Myc-mediated cell cycle-related genes (Figure C), 

consistent with the high prevalence of a nuclear atypia. Myc is also known to induce 

evasion from antitumor immunity.9 Interestingly, enrichment of dysfunctional antitumor 

immunity such as PD1-positive exhausted CD8 T cells was less in the tumors with high-risk 

DRS compared to the rest, suggesting that the signature may inform response to immune 

checkpoint blockades (eg, suboptimal response of high-risk DRS tumors to anti-PD1 due to 

scarcity of the target cell population).

Subsequently, DRS-NAFLD in tumor tissues was evaluated in an independent validation 

cohort of 50 NAFLD-related HCC patients who underwent surgical resection for early-stage 

HCC (American Joint Committee of Cancer stage I-II) (Table A1). DRS-NAFLD identified 

31 (62%) high-risk and 19 (38%) low-risk patients, which was associated with recurrence-
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free survival within 2 years (aHR, 2.98;95% CI, 1.04–8.50) with incidence rates at 2 years 

of 67% and 37% in high- and low-risk HCC, respectively (Figure D). It is noteworthy 

that the recurrence risk predictions by the tumor-derived DRS-NAFLD and liver-derived 

PLS-NAFLD were independent of each other (Figure B and E), suggesting that these 

signatures capture complementary risk information, corresponding to disseminative and de 
novo recurrence, respectively. The complementary risk signatures were combined to define 

high-, intermediate-, or low-risk groups as high-risk prediction by both, either, or none of the 

2 signatures, respectively. This integrative prediction identified 11 (26%) high-, 20 (47%) 

intermediate-, and 12 (28%) low-risk patients with further improved risk stratification (aHR, 

9.24 [95% CI, 2.48–34.4] for high-risk compared to low-risk patients; aHR, 2.81 [95% CI, 

0.86–9.21] for intermediate-risk compared to low-risk patients) (Figure F). The recurrence 

rates in the high-, intermediate- and low-risk patients at 2 years were 90%, 42%, and 17%, 

respectively.

These results support that the integrative use of the tumor-derived DRS-NAFLD and 

the liver-derived PLS-NAFLD enables more precise prediction of HCC recurrence after 

surgical resection. Molecular pathways of dysfunctional antitumor immunity associated with 

the high-risk DRS-NAFLD and PLS-NAFLD suggest their clinical utility in informing 

indication of neo/adjuvant therapies with immune-targeted agents. These assays, already 

implemented in an Food and Drug Administration-approved diagnostic platform, are readily 

applicable in daily clinical practice by using waste surgical tissues (only one five-micron-

thick formalin-fixed paraffin-embedded tissue section) without obtaining any additional 

specimen. Such refined recurrence risk stratification can also inform the strategy of post-

surgical patient follow-up. For example, the use of sensitive but costly screening tests 

such as circulating methylated cell-free DNA assay10 may be justified for patients with 

a high-risk prediction for cost-effective early detection of HCC recurrence followed by 

rational salvage treatment. In conclusion, the tumor-derived DRS-NAFLD improves HCC 

recurrence prediction by the liver-derived PLS-NAFLD and will refine clinical management 

of patients with NAFLD-related HCC and contribute to improvement of the poor patient 

survival.
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Figure. 
Disseminative Recurrence Signature for NAFLD (DRS-NAFLD). (A) Hazard of HCC 

recurrence over time after surgical resection in the derivation cohort. The first 2 years 

is shaded with gray color. (B) Expression pattern of DRS-NAFLD in the derivation 

cohort. The signature-based risk prediction as well as clinical, histological, and molecular 

characteristics are attached. (C) Molecular pathways enriched in patients with high- or 

low-risk DRS-NAFLD prediction in the derivation cohort. (D) HCC recurrence in the 

validation cohort stratified by DRS-NAFLD. (E) Concordance of risk prediction between 

tumor-derived DRS-NAFLD and liver-derived PLS-NAFLD. (F) HCC recurrence stratified 

by combination of PLS-NAFLD and DRS-NAFLD. PLS, prognostic liver signature; 

NAFLD, nonalcoholic fatty liver disease; DRS, Disseminative Recurrence Signature; HCC, 

hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; AJCC, American Joint 

Committee of Cancer; AFP, alpha-fetoprotein; DCP, Des-gamma-carboxy-prothrombin; 

AFP-L3, AFP L3 fraction; Mut., somatic mutation; Mutational sig., mutational signature.
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