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Introduction

Hepatocellular carcinoma (HCC) stands as a significant 
contributor to cancer-related mortality, ranking as the fifth 
leading cause of cancer-related death (1). In 80% of cases, 
HCC arises from an underlying liver disease (2). Despite 
screening programs for at-risk patients, the prognosis for 
HCC remains even dismal because of late diagnosis. The 
only curative options currently available are liver resection 
for selected cases, and liver transplantation. However, the 
high rate of recurrence after surgery makes the prognosis 
bleak. In fact, following curative intent resection, the 5-year 
recurrence is approximately 60% (3), with 5-year survival 
after recurrence of 35% (4).

This highlights the urgent need for improved prognostic 
indicators and early detection methods. Identifying early 
recurrences, namely happening within 2 years from liver 
surgery, is crucial for the possibility of an effective loco-
regional treatment such as second liver resection or salvage 
liver transplantation. Indeed, systemic protocols have 
demonstrated poor disease control.

The application of a new model for an old 
problem

In light of this challenging situation, the recently published 
paper by Zeng et al. (5). presents a novel approach to 
address an old and longstanding problem. The identification 
of factors capable of predicting early recurrence in 
patients undergoing curative intent resection is of utmost 
importance in the era of personalized medicine. The ability 
to identify a high-risk subgroup, as shown in the paper, 
would allow for a more strict follow-up and the eventuality 
of considering these patients for adjuvant chemotherapy 
protocols, including the promising new immune checkpoint 
inhibitors (6).

In their remarkable job, the authors developed an 
interesting prediction tool based on a random survival 
forest (RSF) model, which not only demonstrates its validity 
through external validation but also outperforms other 
well-established models. Indeed, as already reported (7), 
the limitations of these existing models stem from their 
reliance on linear assumptions underlying the calculation 
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of proportional hazard, which restricts their predictive 
performance. In line with other milestones in the field 
of artificial intelligence, such as those by Singal et al. (8) 
or Cucchetti et al. (9), Zeng et al. demonstrate how the 
application of machine learning algorithms to forecasting 
significantly improves the accuracy of predictions. The 
model’s discriminatory power was well evaluated using 
several methods, including Harrell’s C-index, Gonen & 
Heller’s K and time-dependent areas under the receiver 
operating characteristics curve. Furthermore, the authors 
successfully stratified patients into three different risk 
groups, identifying a high-risk category that accounted 
for 14.6% of the patients but encompassed 86.2% of early 
recurrences. Notably, the decision curve analysis (DCA) 
showed superior net benefit compared to other models, 
providing convincing evidence of its efficacy.

However, some methodological details could have been 
addressed to enhance the quality of the results. Specifically, 
handling missing values is an important consideration in 
data mining due to the abundance of datasets. Imputation 
techniques could have been employed to mitigate the 
impact of missing data, as merely removing patients with 
incomplete clinical data may result in the loss of valuable 
information. Overfitting represents another potential 
issue that warrants attention. Although the quality scores 
obtained for both internal and external validation are 
impressive, it is crucial to assess the similarities among 
groups and ascertain whether the model is simply 
memorizing data rather than learning from them. This is 
particularly relevant when looking at baseline characteristics 
of the cohort. More than 80% of cases have hepatitis B virus 
infection across all groups, either training either internal 
and validation cohorts. Consequently, careful consideration 
and validation with other geographic subsets should be 
undertaken to ensure broader applicability. Indeed this 
could be the reason why the model considers etiology, 
liver cirrhosis, and alpha-fetoprotein (AFP) of neglectable 
importance whereas they could be more relevant in 
patients with different etiologies as metabolic or alcoholic 
steatohepatitis. In this optic, validation with an independent 
group with a different pathological substrate would be 
beneficial in further confirming the results.

Furthermore, from the variable importance analysis, it 
emerges that the most important ones are largely beyond 
the surgical intervention, emphasizing the role of tumor 
biology on recurrence dynamics and the significance of 
strict follow-up in specific subgroups of patients other than 
tailored protocols for the management of the disease.

With no doubts, this paper navigates the uncharted 
territory of prediction and forecasting, where machine 
learning models are supposed to dominate in the coming 
decades. Moreover, as for other recently published 
algorithms (10), the value of this work is amplified by the 
availability of a web-based prediction tool, facilitating 
practical application and easy dissemination.

Conclusions

To conclude, it should be highlighted that the model’s 
indications should be interpreted and translated as 
supportive information rather than a replacement for the 
expertise and professionalism of physicians in real-life 
scenarios. The actual challenge is exactly that of letting the 
artificial intelligence be embraced by the medical expertise 
to let the outperforming pupil work with the whole needed 
information.
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