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Background: Hepatocellular carcinoma (HCC) presents a significant global health challenge due to its poor prognosis and high
recurrence rates post-surgery. This study examines the predictive efficacy of the Advanced Lung Cancer Inflammation Index (ALI) in
assessing the post-hepatectomy prognosis of patients with HCC.

Methods: A cohort comprising 1654 HCC patients who underwent hepatectomy at Guangxi Medical University Cancer Hospital from
2013 to 2019 was enrolled. Patients were stratified into two groups according to the median ALI level, and then subjected to
propensity score matching (PSM) in a 1:1 ratio. Kaplan-Meier survival curves, the traditional Cox proportional hazards (CPH) model,
and machine learning (ML) models were employed to analyze and evaluate ALI’s prognostic significance. Furthermore, ALI’s
prognostic value in digestive system tumors was validated via analysis of the National Health and Nutrition Examination Survey
(NHANES) database.

Results: After applying PSM, a final cohort of 1284 patients, categorized into high and low ALI groups, revealed a significantly
reduced survival time in the low ALI cohort. Univariate and multivariate Cox analyses identified ALI, BCLC stage, CK 19, Hepatitis
B virus (HBV) DNA, lymph node metastasis, and microvascular invasion (MVI) as independent predictors of prognosis. Both
traditional CPH and ML models incorporating ALI demonstrated excellent predictive accuracy, validated through calibration curves,
time-dependent ROC curves, and decision curve analysis. Furthermore, the prognostic value of ALI in digestive tumors was confirmed
in the NHANES database.

Conclusion: The ALI exhibits potential as a prognostic predictor in patients with HCC following hepatectomy, providing valuable
insights into postoperative survival.

Keywords: advanced lung cancer inflammatory index, ALI, hepatocellular carcinoma, HCC, prognosis, Cox regression, machine
learning, ML

Introduction

Primary liver cancer ranks as the sixth most prevalent cancer globally,' with a 5-year survival rate as low as 21%.”
Hepatocellular carcinoma (HCC) constitutes 80% of these cases’ and surgical resection remains the optimal treatment.
However, due to challenges in early diagnosis, approximately 9% and 55% of HCC cases in China were initially
diagnosed at intermediate and advanced stages, respectively, missing the window for surgery.* Furthermore, approxi-
mately 60-80% of patients experience recurrence or distant metastasis within 5 years post-surgery.” Current approaches
for advanced HCC treatment involve radiotherapy, chemotherapy, immunotherapy, etc. Yet, owing to the considerable
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heterogeneity of HCC, the efficacy is generally suboptimal.® Consequently, improving the prognosis of HCC patients
stands as a pressing challenge.

Recent evidence highlights the pivotal role of systemic inflammation and malnutrition in the onset and progression of
cancers.’ Systemic inflammation may occur in response to malignant neoplasia, mediated by immune proteins, cytokines, and
immune cells.® Simultaneously, malnutrition significantly affects all aspects of cancer management and prognosis by
diminishing treatment effectiveness, exacerbating treatment-related side effects, and decreasing patients’ quality of life.*”
Inflammation- or nutrition-based indices such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and C-reactive protein-to-albumin ratio (CAR) are widely employed for early prognosis assessment in various tumors.'® "2
The Advanced Lung Cancer Inflammation Index (ALI), initially proposed by Syed H. Jafri et al in 2013,"* has proven to be an
excellent prognostic predictor in lung cancer. Subsequently, ALI has demonstrated prognostic value in various tumors, such as

colorectal cancer, gastric cancer, and myeloma'*™"”

and correlated with a better prognosis. In liver cancer, ALI may predict the
efficacy of immunotherapy in advanced HCC patients™'® and predict the overall survival and cancer-specific survival after
hepatectomy.'!” However, research on the role of ALI in patients undergoing hepatectomy for HCC is limited because of the
imbalance of the clinicopathological data and hindered by small sample sizes. Therefore, the value of ALI in HCC patients
after surgery requires further investigation.

This study aims to investigate the prognostic significance of ALI in HCC patients post-hepatectomy. We evaluated the
significance of ALI in predicting overall survival (OS) and constructed both traditional Cox proportional hazards (CPH)
models and machine learning (ML) models. Subsequently, we validated their effectiveness in a separate validation set.
We anticipate that these findings may contribute to identifying effective prognostic biomarkers and ultimately improving

the prognosis for HCC patients.

Methods

Patient Selection
Over the period spanning December 2013 to December 2019, a total of 2198 consecutive adult patients, aged 18
years or older, underwent surgical interventions at Guangxi Medical University Cancer Hospital. These individuals
underwent validation for HCC through a combination of radiological and histological methodologies. The patients
underwent a thorough evaluation. Inclusion criteria comprised individuals who (1) underwent RO resection,
characterized by complete tumor removal with a negative microscopic margin; (2) were postoperatively confirmed
to have HCC through pathology; and (3) had no history of prior anti-cancer treatments, including radiation,
transcatheter arterial chemoembolization (TACE), or targeted therapy. Exclusion criteria were applied to patients
with (1) incomplete clinical data, (2) a follow-up duration of less than 30 days, or (3) concurrent presence of other
malignancies. The study followed the principles outlined in the Declaration of Helsinki (2013 revision) and
obtained approval from the Ethics Committee of Guangxi Medical University Cancer Hospital (Approval No.
KY2024017). Written informed consent was obtained from all eligible participants enrolled in the study. The
investigators were aware of both the outcome and predictor variables as blinding was not implemented.
Mortality outcomes and survival analysis data from individuals participating in National Health and Nutrition
Examination Survey (NHANES)'® between 1999 and 2020 were correlated to demonstrate the effectiveness of ALI in an
external dataset. The NHANES, conducted by the Centers for Disease Control and Prevention (CDC), is a biennial cross-
sectional survey. Its primary objective is to assess the nutritional and health status of children and adults in the United States.
NHANES employs a complex multistage probability sampling design®® to select a representative sample of the US
population. The survey includes interviews covering demographic, dietary, health-related, and socio-economic factors,
supplemented by laboratory tests conducted by trained medical personnel. All NHANES protocols obtained ethical approval
from the National Center for Health Statistics Board, and participants provided written informed consent.

Clinicopathological Characteristics
Within 24 hours before surgery, clinical characteristics and biochemical data, including age, gender, height, weight,
albumin (ALB), absolute neutrophil count, absolute lymphocyte count, platelet (PLT) count, total bilirubin (TBIL), HBV
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DNA load, HBsAg, ascites, alpha-fetoprotein (AFP), BCLC (Barcelona Clinic Liver Cancer) staging, Child-Pugh
classification, intrahepatic bile duct dilation (IHBD), cirrhosis, splenomegaly, and alcohol history, were collected.
Postoperatively, pathological details, such as microvascular invasion (MVI), Edmondson-Steiner grading, lymph node
metastasis, tumor quantity, and cytokeratin 19 (CK19), were documented.

Follow-Up and Survival

Following hepatectomy, examinations were performed bi-monthly during the initial two years, transitioning to a three-
month frequency thereafter. Clinical monitoring, including physical examinations, liver function tests, blood routine
assessments, AFP level evaluations, and at least one imaging technique (eg, abdominal ultrasonography, enhanced
computed tomography, or magnetic resonance imaging), was implemented. Patient follow-ups extended from admission
until either death or September 2023. Overall survival (OS) was defined as the duration between hepatectomy and the
occurrence of death or the conclusion of the follow-up period.

ALl Calculations

ALI was computed using the following formulas: ALI = Body Mass Index (BMI) * ALB / NLR. BMI is determined by
the weight (in kilograms) divided by the square of height (in meters). ALB represents the serum albumin level (in g/dL),
and NLR is calculated as the absolute neutrophil count divided by the absolute lymphocyte count.

The Construction of the Traditional CPH Model and ML Model

Patients were categorized into high and low ALI groups based on the median ALI level. To minimize potential
confounding factors in prognostic assessment, we employed 1:1 propensity score matching (PSM) with a tolerance of
0.05 (12, 13). The traditional CPH model was developed using univariate and multivariate analysis, predicting patient
survival outcomes with significant independent predictor variables (P < 0.05). The model evaluation consists of assessing
the area under the receiver operating characteristic (ROC) curve, Harrell’s C-index, and time-based decision curve
analysis (DCA).

To explore and validate ALI’s role in the postoperative prognosis of HCC patients, we incorporated a variety of ML
algorithms and combinations, such as Elastic Net (Enet), CoxBoost, Random Survival Forest (RsF), and Survival Support
Vector Machine (SVM). After PSM processing, outliers were initially trimmed based on quartiles, and pairwise Pearson
correlation matrices were employed to assess collinearity among variables (with a threshold of r > 0.8). Then, stepwise
Cox and Least Absolute Shrinkage and Selection Operator (LASSO) algorithms were employed for feature selection. The
data were randomly divided into training and testing sets at a 7:3 ratio, followed by grid search for five-fold cross-
validation to ascertain the optimal model hyperparameters. For each model obtained, the C-index was computed on the
test set, and the model with the highest average C-index was chosen as the best model.

The chi-square test was utilized for analyzing categorical variables. All analyses were conducted using R software version
4.3.2 (http://www.r-project.org/) and Python software version 3.10 (https:/www.python.org/). The following R packages were

CEINTS LE RT3 CEINT3

utilized: “readxl”, “survminer”, “survival”, “ggplot2”, “compareGroups”, “tableone”, “Matchlt”, “plyr”, “car”, “rms”,
“pROC”, “timeROC”, “caret”, “PredictABEL”, “ggDCA”, “tidyverse”, “reshape2”, “ggcorrplot”, “cormtcars”, “DynNom”,
“foreign”, and “rsconnect”. A P-value < 0.05 was deemed statistically significant.

Results

Baseline Characteristics

A total of 2198 patients underwent screening, and ultimately, 1654 patients met the inclusion criteria (Figure 1). In this
cohort, 86.28% of the patients were female, with a mean age of 52.99 years. Approximately 85.49% of the patients tested
positive for HBsAg. Based on the median ALI, patients were categorized into high ALI (n=827) and low ALI (n=827).
There were no differences in gender, HBV DNA, and liver cirrhosis between these two groups (Supplementary Table 1).

However, significant disparities were observed in age, AFP, HBsAg, BCLC stage, and MVI between the high and low
ALI groups (P<0.05), which may confound ALI’s predictive ability. Then, we performed PSM to balance these unequal
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Figure | Patient Selection Flowchart.

factors. As a result, 1282 patients (641 per group) were obtained through PSM, and their characteristics are detailed in
Table 1. The mean age was 52.84 + 11.11 years in the low ALI group and 53.52 &+ 11.90 years in the high ALI group. The
proportions of males were 85.65% and 85.96%, respectively, indicating similarity between the two groups. No significant
disparities were observed in various clinical and postoperative pathological characteristics.

Survival Benefits for Patients with High ALI

The median OS for low ALI patients was 44 months, whereas high ALI patients experienced an extended survival period
of 49 months. High ALI patients exhibited a significantly prolonged OS (P=0.002), with higher OS rates (Figure 2A).
The 1-year, 3-year, and 5-year survival rates were 90.04%, 74.94%, and 66.66% for patients in the high ALI group,
respectively, compared to 83.30%, 66.87%, and 59.54% for those in the low ALI group. The hazard ratio (HR) for ALI
was 0.75, with a 95% confidence interval (CI) ranging from 0.62 to 0.90. These findings suggest that ALI may serve as
an outstanding prognostic factor for postoperative survival in HCC patients.
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Table | Characteristics of PSM HCC Patients

Variables Low ALI High ALI P value
(n= 641) (n= 641)

Age 0.865
<60 269 (41.97%) 273 (42.59%)
260 372 (58.03%) 368 (57.41%)

Gender 0.936
female 92 (14.35%) 90 (14.04%)
male 549 (85.65%) 551 (85.96%)

PLT, x10%/uL 0.822
<100 44 (6.86%) 41 (6.40%)
=100 597 (93.14%) 600 (93.60%)

AFP, ng/mL 1.000
<400 396 (61.78%) 395 (61.62%)
2400 245 (38.22%) 246 (38.38%)

Ascites 0.847
Absence 580 (90.48%) 583 (90.95%)
Presence 61 (9.52%) 58 (9.05%)

BCLC stage 0.901
0-A 460 (71.76%) 463 (72.23%)
B-C 181 (28.24%) 178 (27.77%)

Child-Pugh 1.000
A 613 (95.63%) 612 (95.48%)
B 28 (4.37%) 29 (4.52%)

TBIL, umol/L 1.000
<34 626 (97.66%) 627 (97.82%)
234 15 (2.34%) 14 (2.18%)

HBsAg 1.000
Negative 91 (14.20%) 91 (14.20%)
Positive 550 (85.80%) 550 (85.80%)

HBV DNA, IU/mL 0.312
<500 276 (43.06%) 295 (46.02%)
2500 365 (56.94%) 346 (53.98%)

IHBD 1.000
No 453 (70.67%) 453 (70.67%)
Yes 188 (29.33%) 188 (29.33%)

Liver cirrhosis 0.655
No 319 (49.77%) 328 (51.17%)
Yes 322 (50.23%) 313 (48.83%)

Splenomegaly 0.465
No 348 (54.29%) 362 (56.47%)
Yes 293 (45.71%) 279 (43.53%)

Alcohol 0.638
No 426 (66.46%) 417 (65.05%)
Yes 215 (33.54%) 224 (34.95%)

Lymph node metastasis 0915
No 592 (92.36%) 594 (92.67%)
Yes 49 (7.64%) 47 (7.33%)

Tumor number 1.000
Solitary 474 (73.95%) 474 (73.95%)
Multiple 167 (26.15%) 167 (26.15%)

(Continued)
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Table | (Continued).

Variables Low ALI High ALI P value
(n= 641) (n= 641)
MVI 1.000
Absence 365 (56.94%) 366 (57.10%)
Presence 276 (43.06%) 275 (42.90%)
CKI9 0.947
Negative 492 (76.76%) 490 (76.44%)
Positive 149 (23.24%) 151 (23.56%)
Edmondson Steiner classification 0.737
-l 331 (51.64%) 338 (52.73%)
v 310 (48.36%) 303 (47.27%)

Abbreviations: PLT, platelet; TBIL, total bilirubin; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic
Liver Cancer; IHBD, intrahepatic bile duct dilation; MVI, microvascular invasion; CK 19, cytokeratin |9;
HBYV, Hepatitis B virus.

Selection of Independent Prognostic Factors
To explore the potential correlations among the included study variables, we calculated the Pearson correlation and
presented it in a heatmap (Figure 2B). Consistent with clinical knowledge, splenomegaly exhibited a close association
with liver cirrhosis and platelet count, while Child-Pugh grade was correlated with TBIL and ascites. However, ALI
showed no significant relationship with other variables, indicating its potential as an independent biomarker.

We then performed univariate and multivariate Cox analyses to identify potential risk factors for OS. ALI
splenomegaly, BCLC stage, CK19, HBV DNA, lymph node metastasis, and MVI were identified as independent
prognostic factors influencing OS (Table 2).

Construction, Evaluation, and Validation of the CPH Model and ML Model
The patients were randomly divided into a training dataset (n=898) and a validation dataset (n=384) at a 7:3 ratio. There were no
differences in basic clinicopathologic characteristics (see Supplementary Table 2) and survival (Figure 2C) between the two

groups. To enhance the predictive accuracy for OS, we developed a diagnostic nomogram incorporating the aforementioned
independent variables (Figure 3) which is available on the website: https://aligiuxin.shinyapps.io/DynNomapp/. The calibration

curves demonstrated exceptional consistency in the OS rates between the model’s predictions and actual observations. The
standard lines in both the training and validation sets closely matched the calibration curves, regardless of the 1-year, 3-year, or
S-year timeframes. (Figure 4A and B). Furthermore, we evaluated the model’s accuracy through 1000 bootstrapped resamples,

A
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Figure 2 OS and Variable Correlation of ALI. (A) OS analysis for patients categorized by low or high ALIl. (B) Heat map illustrating the correlation between variables, with
color depth indicating the value. (C) OS analysis for patients in both training and validation datasets.
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Table 2 Univariate and Multivariate Analysis for OS

Univariate Analysis Multivariate Analysis
HR (95% CI) P HR (95% CI) P

Age 0.77 (0.64-0.92) | 0.005 1.05 (0.86—1.28) 0.631
Gender 1.15 (0.88-1.51) | 0.303
PLT 0.83 (0.58-1.18) | 0.300
AFP 1.53 (1.27-1.84) | P<0.001 | I.11 (0.91-1.35) 0.323
Ascites 1.40 (1.04-1.88) | 0.025 I.15 (0.85-1.55) 0.372
BCLC stage 2.98 (2.48-3.6) | P<0.001 | 2.48 (1.97-3.11) | P<0.001*
Child-Pugh 1.34 (0.89-2.00) | 0.160
TBIL 1.32 (0.76-2.30) | 0.321
HBsAg 1.29 (0.97-1.72) | 0.084
HBV DNA 1.55 (1.28-1.88) | P<0.001 | 1.37 (1.13-1.67) | 0.002*
IHBD 1.12 (0.92-1.37) | 0.255
Liver cirrhosis 1.32 (1.10-1.59) 0.003 0.99 (0.79-1.22) 0.891
Splenomegaly 1.5 (1.24-1.80) | P<0.001 | 1.38 (I.12-1.71) 0.003*
Lymph node metastasis 1.72 (1.29-2.31) | P<0.001 | 1.45 (1.08-1.95) 0.013*
Tumor number 1.92 (1.58-2.33) | P<0.001 | 1.0l (0.79-1.27) 0.967
MVI 2.4 (1.99-2.89) | P<0.001 | 2.11 (1.74-2.56) | P<0.001*
CK19 1.72 (1.41-2.11) | P<0.001 | 1.66 (1.34-2.07) | P<0.001%*
Edmondson Steiner classification | 1.31 (1.09-1.58) 0.004 1.16 (0.97-1.40) 0.112
Alcohol 1.19 (0.98-1.44) | 0.076
ALl 0.75 (0.62-0.90) | 0.002 | 0.69 (0.58-0.84) | P<0.001*

Note: “*’represents P <0.05.
Abbreviations: PLT, platelet; TBIL, total bilirubin; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer;
IHBD, intrahepatic bile duct dilation; MVI, microvascular invasion; CK19, cytokeratin 19; HBV, Hepatitis B virus.

resulting a C-index of 0.714 (95% CI, 0.682, 0.738) for the training set and 0.706 (95% CI, 0.658, 0.741) for the validation set.
Subsequently, time-dependent ROC curves were generated to validate the model’s predictive capability. The AUC:s for the 1-, 3-,
and 5-year survival rates in the training set were 0.805, 0.751, and 0.749, respectively (Figure 4C). Similarly, the AUCs for the 1-,
3-, and 5-year survival rates in the validation set were 0.783, 0.728, and 0.724, respectively (Figure 4D). Then, we compared our
nomogram with traditional predictive methods, such as BCLC,”' China liver cancer staging (CNLC),” Albumin-Bilirubin
(ALBI),> Okuda,** and Tumor-Node-Metastasis (TNM)* stages. The AUC values of the nomogram were significantly higher
than those of the traditional methods in both the training and validation datasets (Figure 4E and F). Additionally, DCA curves
were constructed to further assess the nomogram (4 G, H). DCA is a method used to evaluate the clinical value of predictive
models by considering the net benefit across different risk thresholds. If the model curve is above the baseline lines (ALL and
None) in most or all risk thresholds, it indicates that the model has higher utility and net benefit in prediction. In our study, the
nomograms for 1-, 3-, and 5-year predictions were all above the ALL and None lines in the training dataset, and mostly above
these baselines in the validation dataset, suggesting that the nomogram model formulated in this investigation demonstrates
robust predictive consistency, offering enhanced accuracy in forecasting the prognosis of HCC patients with hepatectomy.

To enhance our understanding of whether ALI exhibits consistent predictive abilities for postoperative HCC patients
across different models, we utilized various ALI-based ML methods and ensemble validations. Utilizing 9 different
algorithms, we constructed predictive models on our dataset and calculated the C-index and ROC curves for each model
and presented these values of the test dataset in Figure 5A. The specific values of AUC for the training and validation
datasets are shown in Supplementary Table 3, while the ROC curves for each dataset are presented in Supplementary

Figure 1. The results showed that the combination of the Survival-SVM model was optimal, achieving the highest
average C-index (0.7138). Compared to the actual survival outcomes in the same dataset, the combined model performed
excellently in predicting 1-year, 3-year, and 5-year OS (represented as 0.8052, 0.7432, and 0.7644, respectively).

Interestingly, we observed that the C-index for the other 8 models based on ALI exceeded 0.7, demonstrating remarkable
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Figure 3 Nomogram for OS Forecast in HCC Patients Post-Hepatectomy.

accuracy in predicting OS at 1, 3, and 5 years. This underscores the fact that even after adjusting for available algorithms
and clinical features, ALI still retains favorable predictive efficacy.

Significance of ALl in Digestive Tumors

To further investigate the significance of ALI in predicting the prognosis of cancers, particularly digestive system tumors
(including HCC), we investigated its role in NHANES database. From 1999 to 2020, a total of 111,066 individuals were
investigated, among them, 5769 (5.19%) were diagnosed with cancer, and 522 (0.47%) were patients with digestive
neoplasms. Among these digestive cancer patients, 343 patients with complete survival and clinical data were enrolled
for further analysis. After calculating the ALI value of each patient, we divided them into low and high group according
to the median (ALI=53.70) in a similar manner. The clinical data in each group were comparable (Table 3), and patients
with a high ALI value had significantly prolonged survival time (Figure 5B). The median survival times for the high and
low ALI groups were 160 and 87 months, respectively. The 1-year, 3-year, and 5-year survival rates for patients in the
high ALI group were 97.08%, 88.91%, and 82.14%, respectively, compared to 97.09%, 82.46%, and 69.27% for those in
the low ALI group. These findings suggest that ALI serves as an excellent predictor not only in HCC patients who
underwent surgery but also in patients with digestive cancers.

Discussion

Malnutrition and inflammation are closely related with the survival state of cancer patients, leading to immune
deficiencies and metabolic disorders.”® However, few markers can effectively combine inflammation and nutrition.
Therefore, it is crucial to explore an efficient indicator that can seamlessly integrate these factors. ALI, characterized
by the amalgamation of BMI, albumin, and NLR, proficiently accomplishes this task, representing the simultaneous state
of nutritional well-being and inflammatory response. In colorectal cancer patients undergoing surgery, a lower ALI was
associated with an increased occurrence of postoperative complications and poorer OS.'* Likewise, ALI serves as
a proficient predictor for both postoperative complications and the long-term outcomes in individuals diagnosed with
gastrointestinal cancer.”” In HCC, ALI is also a prognostic marker in patients receiving immunotherapy.™'® However, the
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Figure 5 Predictive Performance of Machine Learning Models and OS in NHANES. (A) Evaluation of machine learning models using the C-index and ROC curves in the
validation dataset. (B) OS analysis for patients with digestive cancers in the NHANES database.

value of ALI in HCC patients received surgery was rarely explored. In this study, we collected clinical data of 1654 HCC
patients who underwent hepatectomy to explore the significance of ALI. To mitigate the influence of confounding factors,
we employed PSM and found no difference between low and high ALI after matching. Consistent with previous studies,
the patients with higher ALI showed obviously prolonged survival, establishing ALI as a standalone risk determinant for
OS. Furthermore, the COX model based on ALI, along with various ML algorithm models, exhibited excellent AUC
values and predictive capabilities, indicating ALI as an outstanding prognostic factor for the survival of HCC patients
after liver resection.

To further validate ALI’s prognostic predictor function, we explored its role in the NHANES database, a nationally
representative cross-sectional survey. Due to the low incidence of HCC in the United States, we attempted to explore

Table 3 Characteristics of NHANES Patients

Variable Low ALI High ALI P value
(n=172) (n=171)

Age 0.117
<60 25 (14.53%) 37 (21.64%)
260 147 (85.47%) 134 (78.36%)

Gender 0.628
female 79 (45.93%) 84 (49.12%)
male 93 (54.07%) 87 (50.88%)

PLT, x10°/pL 1.000
<100 2 (1.16%) 2 (1.17%)
=100 170 (98.84%) 169 (98.83%)

TBIL, umol/L 0.499
<34 170 (98.84%) | 171 (100.00%)
234 2 (1.16%) 0 (0.00%)

HBsAg 0.543
Negative 137 (98.56%) 130 (99.24%)
Positive 2 (1.44%) 1 (0.76%)
NA 33 40

Abbreviations: NHANES, National Health and Nutrition Examination
Survey; PLT, platelet; TBIL, total bilirubin.
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ALI’s function in digestive cancer sufferers. Surprisingly, ALI was also strongly associated with the prognosis in
digestive tumors. Patients with high ALI showed significantly lengthened OS compared to those with low ALI. These
data provide robust external evidence for the prognostic value of ALI.

The significance of ALI in HCC patients post-surgery was first discussed by Wen YZ et al."” They found that ALI had
robust predictive value and constructed a nomogram incorporating ALI, age, and TNM stage. However, the study’s
sample size of 425 patients was relatively small, which limited its reliability. In this study, the sample size surpasses 1000
cases, this substantial sample volume significantly bolsters statistical power, ensuring robust stability and consistency.
Furthermore, Wen YZ et al only compared some clinical data between the high and low ALI groups, without discussing
common biochemical markers and pathological results. In our study, beyond the variables necessary for calculating ALI,
we incorporated 20 additional variables, comprehensively covering all crucial indicators for HCC patients both before
and after surgery. The baseline data is exceptionally comprehensive; therefore, the ALI value derived from this study
possesses greater persuasiveness.

Confounding variables pose significant challenges in retrospective studies, often difficult to mitigate. For example, in a study
assessing the prognostic nutritional index (PNI) in HCC, differences in age, BMI, CNLC stage, and tumor number between low
and high PNI groups substantially undermine the confidence in PNI’s prognostic value.”® Similarly, in a study examining
C-reactive protein (CRP) as a predictor of response to PD-1 inhibitors in HCC patients, inconsistencies in AFP level, NLR, and
tumor size across high and low CRP groups greatly diminish result credibility.” However, the clinicopathological data in the low
and high ALI groups in our study underwent PSM, which excluded 372 cases to ensure baseline data balance. All variables across
these two groups showed no discrepancies, maximizing control over confounding factors, bolstering the credibility of causal
inference, and enhancing internal validity, thus strengthening the convincingness of our results.

In the present era, numerous novel biomarkers and methods predict the survival of cancer patients after surgery, including
results from bulk transcriptomics and single-cell sequencing analysis,’**! MR features,*® and the expression of specific genes
in the tumor.**~** However, the costs of these methods are generally high and pose a considerable economic burden for patients
and are difficult to apply in clinical practice. In contrast, ALI is derived from BMI, blood routine, and liver function results,
which are all common clinical indexes. These indicators are easily accessible, and calculating the value of ALI is straightfor-
ward. While for the common existing prognostic measures, such as the BCLC and CNLC stages, generally have low
specificity and sensitivity, resulting in smaller AUC values and difficulties in accurately predicting survival outcomes for
HCC patients post-surgery. By incorporating ALI into routine clinical assessments, healthcare providers can more accurately
stratify patients into different risk categories. This stratification enables clinicians to tailor treatment plans more effectively,
ensuring that high-risk patients receive more aggressive and timely interventions while low-risk patients can be managed with
less intensive approaches. Moreover, traditional nomograms are cumbersome to calculate; therefore, we developed a web-
based nomogram to overcome this limitation. Serving as a network or mobile-based clinical decision tool, it enables clinicians
to effortlessly input seven clinical data points, significantly enhancing convenience. This model holds significant promise for
widespread adoption and application.

BMI, a fundamental metric for assessing body obesity, frequently functions as a broad indicator reflecting overall
nutritional status. A low BMI value is an important diagnostic standard of cachexia,® generally associated with a poor
prognosis. Conversely, an appropriate BMI may indicate better nutritional condition and boost immune function to fight
against cancer.*® Albumin, the richest protein in the body, is mainly synthesized by the liver and maintains colloid osmotic
pressure.®” Additionally, albumin mediates inflammation by binding and transporting inflammatory substances,® protecting
tissues against inflammatory injury.*® Low albumin is related to malnutrition, weaker systemic inflammatory reactions, and
poorer survival.** In normal individuals, neutrophil may swallow bacteria and exert anti-inflammatory function. In the tumor
patients, neutrophil may produce reactive oxygen species and nitric oxide with a potential ability to inhibit T-cell
differentiation,*' playing a role in promoting cancer. While Lymphocytes, mainly including T cells, B cells, and Natural
killer cells, play a crucial role in the adaptive response of the immune system and act as key mediators of humoral and cellular
immunity.** The ratio of neutrophils and lymphocytes, namely NLR, has been reported to predict outcomes in many cancers,
such as non-small cell lung cancer, gastric cancer, and rectal cancer.*> ™ Therefore, maintaining a suitable BMI, an elevated

albumin level, and a reduced NLR can result in an increased ALI level, ultimately contributing to an improved prognosis.
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Our study has certain limitations. Firstly, it was conducted in a single center, which may pose challenges to internal
validity. The generalizability of our study outcomes might be limited by specific geographic locations, patient demo-
graphics, or treatment modalities. Despite utilizing the NHANES database for external validation, it is not exclusive to
HCC patients and lacks sufficient externally matched clinical-pathological data to validate the efficacy of ALI and the
nomogram. Therefore, our primary objective was to anchor our findings in authentic scenarios using extensive sample
data, aiming to address these limitations and highlight potential avenues for model improvement. Secondly, although the
study addressed potential confounding factors like age and gender, it inadequately considered other variables such as
socioeconomic status, necessitating further investigation. In subsequent research phases, we intend to perform external
validation across diverse cohorts and conduct prospective investigations both locally and internationally to enhance the
accuracy of our findings. Thirdly, while we introduced an outstanding index and model for predicting post-hepatectomy
survival in HCC patients, specific strategies to improve OS were not delineated. Nevertheless, given the rapid advance-
ments in targeted immunotherapy for HCC, we contend that our model establishes a foundation for further analyses in
this field and may facilitate the integration of innovative therapeutics in the future.

Conclusion

ALI is an effective prognostic predictor for HCC patients post-surgery. The nomogram and ML models based on ALI
provide clinicians with valuable insights into patient survival outcomes. This study may enhance comprehensive
treatment strategies and improve survival rates for HCC patients after surgery.
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