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Unresectable hepatocellular carcinoma (HCC) is rarely an isolated oncologic

condition. In patients with cirrhosis, tumor control and hepatic reserve are

inextricably intertwined, with portal hypertension (PH) potentially shaping both the

safe delivery of systemic therapy and the magnitude of its clinical benefit. This is

particularly relevant in patients treated with atezolizumab-bevacizumab (AtezoBev),

as hepatic decompensation has emerged as a major determinant of mortality,

sometimes outweighing tumor progression itself
[1]

. Against this background, Rabasco

Meneghetti et al. asked whether information already contained in routine contrast-

enhanced computed tomography (CT) could replace part of the endoscopic work-up,

particularly pretreatment esophagogastroduodenoscopy (EGD) and provide

information on the eventual appearance of hepatic decompensation and on

prognosis
[2]

. Their multicenter retrospective study included 489 patients with

cirrhosis and unresectable HCC treated with AtezoBev at five French centers.

Arterial-phase CT was available for 341 patients and processed using the frozen

vision encoder of MERLIN, a pretrained three-dimensional vision-language

foundation model designed to extract generalizable features from volumetric CT

images for a wide range of clinical tasks
[3]

. Finally, the authors developed the

HepatoSageCT score and analyzed its ability to predict the presence of esophageal

varices (EVs) and the appearance of hepatic decompensation
[2]

. Portosystemic shunts

(PSS), manually identified by a radiologist, emerged as the strongest non-invasive

predictor of EVs
[2]

. Moreover, the HepatoSageCT score provided incremental

predictive value beyond PSS alone, improving risk stratification for EVs while also

enabling prognostic assessment of hepatic decompensation
[2]

. In the validation

pathway population, comprising 125 patients without prior acute variceal bleeding,

PSS combined with HepatoSageCT yielded a negative predictive value (NPV) of

87.5% for any-grade EVs, potentially sparing EGD in 24/125 patients. Three of 72

patients with EVs were missed (4.2%), all with grade 1 varices
[2]

.
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The architecture of the study is clinically persuasive: an interpretable radiological sign provides the first layer,

and artificial intelligence (AI) refines the uncertainties in the PSS-negative group. It also extracts additional

value from imaging already required for HCC staging, without adding further procedures to the patient’s

burden. Notably, a foundation-model approach reduces dependence on very large, HCC-specific annotated

imaging datasets. The inclusion of patients across a broad spectrum of liver disease severity reflects real-

world clinical practice, while the consistent findings observed in patients with compensated disease are

particularly relevant, as these patients are likely to derive the greatest clinical benefit from safely deferring

pretreatment EGD.

AI-based risk stratification in immunotherapy-treated HCC is not unprecedented. Models combining CT

and clinical data have predicted overall survival with anti-PD-1 therapy, while pretreatment radiomics has

predicted response, overall survival and progression-free survival after AtezoBev
[4,5]

. Prognosis alone rarely

identifies a superior alternative regimen, while HepatoSageCT
[2]

 targets a potentially modifiable competing

risk. In compensated, non-selective beta-blockers (NSBBs)-naive patients, a PSS/HepatoSageCT score

suggestive of EVs could prompt EGD and particularly NSBB initiation once clinically significant portal

hypertension (CSPH) is confirmed. Conversely, the absence of PSS combined with a low score may identify

patients in whom EGD could potentially be safely deferred or even avoided, pending prospective validation.

This creates a plausible route from prediction to intervention.

The clinical significance of reproducing an endoscopic diagnosis warrants a more nuanced interpretation.

Baveno VII shifted the therapeutic target from variceal size to CSPH, recommending NSBBs, particularly

carvedilol, to prevent the first decompensation
[6]

. This disease-modifying concept is supported by the trial of

β blockers to prevent decompensation of cirrhosis in patients with CSPH (PREDESCI), which demonstrated

that NSBBs can delay decompensation in patients with compensated cirrhosis and CSPH
[7]

. Thus, among

patients who already meet criteria for NSBB therapy, identifying EVs may add little to clinical decision-

making. Conversely, evaluating CSPH in advanced HCC remains challenging: tumor-related vascular

changes may weaken conventional algorithms based on liver stiffness and platelet count. In addition,

hemodynamic assessment is invasive and may not capture every component of PH
[8,9]

. However, according to

Baveno VIII
[10]

, this limitation appears to apply primarily to patients with macrovascular invasion, in whom

non-invasive tests (NITs) for CSPH and high-risk varices may not be applicable. Nonetheless, in patients

with compensated advanced chronic liver disease and Barcelona Clinic Liver Cancer (BCLC) stages 0-C

without macrovascular invasion, liver stiffness ≤ 15 kPa combined with a platelet count ≥ 150 × 10
9
/L can rule

out CSPH with an NPV > 90%. EGD may therefore be avoided in this setting
[10,11]

. It should be considered

that, despite a 94% agreement, the corresponding statement received only a weak recommendation from the

consensus, reflecting the conflicting evidence available in the literature
[9]

 and underscoring the need for

confirmatory studies to determine the clinical impact of safely deferring or avoiding EGD. This Baveno-

based recommendation is distinct from the proposed CT/AI pathway, for which EGD deferral requires

prospective validation. EGD remains the reference standard in selected clinical settings. CT cannot identify

red wale markings or other endoscopic high-risk stigmata, nor can it reliably grade varices. In secondary

prophylaxis, endoscopic variceal ligation combined with NSBBs remains standard, and, importantly, patients

with previous acute variceal bleeding were excluded from the EV decision-making workflow
[2]

. The proposed

pathway is therefore most credible as a primary-prophylaxis triage or when access to timely EGD is limited.

The absence of missed large EVs in the validation cohort does not necessarily imply that no varices needing

treatment were missed. Nevertheless, this finding is somewhat reassuring, particularly in a real-world setting

characterized by heterogeneous and relatively limited use of NSBBs. Of note, the same treatment pattern

extended to patients with previous or current hepatic decompensation. Although such variability in NSBBs

use may have influenced variceal burden and bleeding risk, the consistent performance of this approach

under these conditions strengthens its relevance to routine clinical practice.
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Several methodological points should be considered to better interpret the relevance of these findings. Held-

out validation and leave-one-center-out testing are evident strengths of the study. On the other hand, this

retrospective study was restricted to French centers, included a large majority of males (87%), and suitable

arterial-phase CT was available for about 70% of the cohort. No hemodynamic data were available, and EVs

were used as a pragmatic surrogate for CSPH. Although CSPH is the main driver of EVs, these are not

invariably present in patients with CSPH, with studies suggesting that they develop in only a proportion of

patients, particularly in the compensated stage of cirrhosis
[12]

. Moreover, PSS were manually identified and

treated equally regardless of number, dimension or anatomy. Combining compensated, previously

decompensated and currently decompensated patients enhanced real-world representation but led to

analyzing together very diverse groups of patients, particularly regarding prognostic and functional

stratification. Of note, addition of clinical data did not improve the ability of the HepatoSageCT score to

predict decompensation consistent with the relevant role of ascites and splenomegaly, both readily detectable

on imaging
[2]

. Data obtained in compensated patients are particularly interesting. In this group of patients, AI

detects subtler imaging manifestations of PH, predicting both baseline EVs and subsequent hepatic

decompensation
[2]

.

The two outputs of the study represent different clinical expressions of the same underlying PH phenotype,

although their actionability differs. The EVs pathway may be particularly valuable in compensated, NSBBs-

naïve patients for whom non-invasive assessment of CSPH is less reliable, especially those with

macrovascular invasion and/or large tumors extensively involving the right hepatic lobe. In contrast, the

decompensation score retains prognostic value, stratifying patients according to risk but without validated

thresholds to inform intensified monitoring, deferment of bevacizumab, or selection of an alternative

treatment regimen. However, in the study by Rabasco Meneghetti et al., all patients received AtezoBev, and

any potential benefits from alternative treatments cannot be inferred in the absence of a treatment-outcome

interaction analysis
[2]

. Moreover, the exploratory NSBBs analysis is vulnerable to confounding by indication,

and association with overall survival does not show that AI-guided management improves survival. These

scores should inform, rather than dictate, treatment decisions and should not, in isolation, preclude

otherwise appropriate therapy.

This field is of considerable interest and has been the focus of substantial research efforts. Kramer et al.

recently reported the results of an international, multi-cohort study validating the Cirrhosis Risk Identifier

(CIRI), a machine-learning model based on laboratory and demographic data that predicts first hepatic

decompensation in patients with compensated advanced chronic liver disease with an accuracy comparable

to that of hepatic venous pressure gradient measurement and greater precision than widely used NITs
[13]

. The

advent of AI will provide a powerful tool to fine-tune the management of these complex patients. In the

meantime, clinicians may immediately value the results provided by detection of PSS as good predictors of

PH.

In prospect, the great opportunity is not simply to reduce endoscopic workload, but to move PH assessment

upstream in the HCC pathway, from identifying existing EVs to anticipating hepatic decompensation. Future

prospective studies should predefine safety-oriented thresholds, quantify calibration and net benefit,

automate PSS characterization, and prioritize patient-centered outcomes, including missed large or high-risk

EVs, actual EGD avoided, time to systemic treatment, bleeding, first or further decompensation and

survival
[14,15]

. Ultimately, success should not be measured by a higher area under the receiver operating

characteristic curve (AUROC), but by earlier disease-modifying treatments, safer oncologic decisions and

fewer episodes of hepatic decompensation.

DECLARATIONS
Authors’ contributions

Conceptualization: Vozza A, Vizzutti F, Marra F



Page 4 of 5 Vozza et al. Hepatoma Res. 2026;12:62

Writing - original draft: Vozza A, Vizzutti F

Writing - review and editing: Marra F

All authors reviewed and approved the final version of the manuscript.

Availability of data and materials

Not applicable.

AI and AI-assisted tools statement

Not applicable.

Financial support and sponsorship

None.

Conflicts of interest

Marra F is a consultant for Roche, AstraZeneca, MSD, and Ipsen. The other authors declare no conflicts of

interest.

Ethical approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Copyright

© The Author(s) 2026.

REFERENCES
1. Celsa C, Cabibbo G, Fulgenzi CAM, et al. Hepatic decompensation is the major driver of mortality in patients with HCC treated with

atezolizumab plus bevacizumab: the impact of successful antiviral treatment. Hepatology. 2025;81:837-52. DOI PubMed

2. Rabasco Meneghetti A, Campani C, Roux C, et al. Detection of esophageal varices and prediction of hepatic decompensation in

unresectable hepatocellular carcinoma using AI. J Hepatol. 2026;84:1149-63. DOI PubMed

3. Blankemeier L, Kumar A, Cohen JP, et al. Merlin: a computed tomography vision-language foundation model and dataset. Nature.

2026;652:1318-28. DOI PubMed PMC

4. Vithayathil M, Koku D, Campani C, et al. Machine learning based radiomic models outperform clinical biomarkers in predicting

outcomes after immunotherapy for hepatocellular carcinoma. J Hepatol. 2025;83:959-70. DOI PubMed

5. Xia Y, Zhou J, Xun X, et al. CT-based multimodal deep learning for non-invasive overall survival prediction in advanced hepatocellular

carcinoma patients treated with immunotherapy. Insights Imaging. 2024;15:214. DOI PubMed PMC

6. de Franchis R, Bosch J, Garcia-Tsao G, Reiberger T, Ripoll C; Baveno VII Faculty. Baveno VII - renewing consensus in portal

hypertension. J Hepatol. 2022;76:959-74. DOI PubMed PMC

7. Villanueva C, Albillos A, Genescà J, et al. β blockers to prevent decompensation of cirrhosis in patients with clinically significant portal

hypertension (PREDESCI): a randomised, double-blind, placebo-controlled, multicentre trial. Lancet. 2019;393:1597-608. DOI PubMed

8. Thabut D, Kudo M. Treatment of portal hypertension in patients with HCC in the era of Baveno VII. J Hepatol. 2023;78:658-62. DOI

PubMed

9. Allaire M, Campion B, Demory A, et al. Baveno VI and VII criteria are not suitable for screening for large varices or clinically

significant portal hypertension in patients with hepatocellular carcinoma. Aliment Pharmacol Ther. 2023;58:346-56. DOI PubMed

10. Baveno VIII Faculty. Baveno VIII - advancing consensus in portal hypertension. J Hepatol. 2026;85:993-1018. DOI PubMed

11. Wu CW, Lui RN, Wong VW, et al. Baveno VII criteria is an accurate risk stratification tool to predict high-risk varices requiring

intervention and hepatic events in patients with advanced hepatocellular carcinoma. Cancers. 2023;15:2480. DOI PubMed PMC

12. Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch J. Portal hypertensive bleeding in cirrhosis: risk stratification, diagnosis, and

management: 2016 practice guidance by the American Association for the study of liver diseases. Hepatology. 2017;65:310-35. DOI

PubMed

13. Kramer G, Hildeman A, Tozzi C, et al. A machine learning approach to non-invasive prediction of hepatic decompensation in

compensated advanced chronic liver disease: the CIRI model. J Hepatol. 2026;Epub ahead of print. DOI PubMed

https://dx.doi.org/10.1097/HEP.0000000000001026
https://www.ncbi.nlm.nih.gov/pubmed/39028886
https://dx.doi.org/10.1016/j.jhep.2026.01.021
https://www.ncbi.nlm.nih.gov/pubmed/41679555
https://dx.doi.org/10.1038/s41586-026-10181-8
https://www.ncbi.nlm.nih.gov/pubmed/41781626
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC13082451
https://dx.doi.org/10.1016/j.jhep.2025.04.017
https://www.ncbi.nlm.nih.gov/pubmed/40246150
https://dx.doi.org/10.1186/s13244-024-01784-8
https://www.ncbi.nlm.nih.gov/pubmed/39186192
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11347550
https://dx.doi.org/10.1016/j.jhep.2021.12.022
https://www.ncbi.nlm.nih.gov/pubmed/35120736
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11090185
https://dx.doi.org/10.1016/s0140-6736(18)31875-0
https://www.ncbi.nlm.nih.gov/pubmed/30910320
https://dx.doi.org/10.1016/j.jhep.2022.11.019
https://www.ncbi.nlm.nih.gov/pubmed/36460163
https://dx.doi.org/10.1111/apt.17599
https://www.ncbi.nlm.nih.gov/pubmed/37300315
https://dx.doi.org/10.1016/j.jhep.2026.07.030
https://www.ncbi.nlm.nih.gov/pubmed/42624290
https://dx.doi.org/10.3390/cancers16030661
https://www.ncbi.nlm.nih.gov/pubmed/38339413
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10854488
https://dx.doi.org/10.1002/hep.28906
https://www.ncbi.nlm.nih.gov/pubmed/27786365
https://dx.doi.org/10.1016/j.jhep.2026.06.042
https://www.ncbi.nlm.nih.gov/pubmed/42462822


Vozza et al. Hepatoma Res. 2026;12:62 Page 5 of 5

14. Collins GS, Moons KGM, Dhiman P, et al. TRIPOD+AI statement: updated guidance for reporting clinical prediction models that use

regression or machine learning methods. BMJ. 2024;385:e078378. DOI PubMed PMC

15. Cabibbo G, Celsa C, Bhoori S, Reiberger T, Pinato DJ, Cammà C. Establishing hepatic decompensation as a meaningful clinical

outcome during systemic therapy for hepatocellular carcinoma. J Hepatol. 2025;83:1443-51. DOI PubMed

Disclaimer/Publisher’s Note: All statements, opinions, and data contained in this publication are solely those of the individual author(s) and
contributor(s) and do not necessarily reflect those of OAE and/or the editor(s). OAE and/or the editor(s) disclaim any responsibility for harm to
persons or property resulting from the use of any ideas, methods, instructions, or products mentioned in the content.

© The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution and

reproduction in any medium or format, for any purpose, even commercially, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons license, and indicate if changes were made.

https://dx.doi.org/10.1136/bmj-2023-078378
https://www.ncbi.nlm.nih.gov/pubmed/38626948
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11019967
https://dx.doi.org/10.1016/j.jhep.2025.07.020
https://www.ncbi.nlm.nih.gov/pubmed/40759204
https://creativecommons.org/licenses/by/4.0/

