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Simple Summary: Immune checkpoint inhibitors (ICIs) have been increasingly used to treat hepato-
cellular carcinoma (HCC) but lack effective biomarkers. Our study aimed to investigate the related
factors affecting the efficacy of ICIs treatment and develop a prognostic nomogram for patients with
unresectable HCC receiving ICIs therapy. The nomogram may predict the treatment efficacy and help
decision making in daily clinical practice.

Abstract: Background: Immune checkpoint inhibitors (ICIs) have been increasingly used to treat
hepatocellular carcinoma (HCC). Prognostic biomarkers are an unmet need. We aimed to develop
a prognostic nomogram for patients with unresectable HCC receiving ICIs therapy. Methods: A
total of 120 patients with unresectable HCC receiving ICIs treatment were enrolled in this study.
Patients were randomly divided into a training set (n = 84) and a validation set (n = 36) in a 7:3
ratio. Clinical characteristics were retrospectively analyzed. Serum α-fetoprotein protein (AFP)
response was defined as a decline of ≥20% in AFP levels within the initial eight weeks of treatment.
Univariable and multivariable Cox analyses were used to select relevant variables and construct
the nomogram. The areas under the receiver operating characteristic curves (AUCs) were used to
determine the performance of the model. Kaplan–Meier analysis with the log-rank test was used to
compare different risk groups. Results: The median progression-free survival (PFS) was 7.7 months.
In the multivariate Cox analysis, the presence of extrahepatic metastasis (hazard ratio [HR] = 2.08,
95% confidence interval [CI]: 1.02–4.27, p < 0.05), white blood cell count (HR = 3.48, 95% CI: 1.02–11.88,
p < 0.05) and AFP response (HR = 0.41, 95% CI: 0.18–0.95, p < 0.05) independently predicted PFS.
A nomogram for PFS was established with AUCs of 0.79 and 0.70 in the training and validation
sets, respectively. The median PFS of the high- and low-risk subgroups was 3.5 and 11.7 months,
respectively (p < 0.05). Conclusion: The nomogram could predict PFS in patients with unresectable
HCC receiving ICIs treatment and further help decision making in daily clinical practice.

Keywords: hepatocellular carcinoma; immune checkpoint inhibitor; AFP response; nomogram;
progression-free survival

1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most common malignancy and the third
leading cause of cancer death worldwide [1]. A majority of patients present with interme-
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diate and advanced-stage disease, with poor prognosis [2,3]. The Barcelona Clinic Liver
Cancer (BCLC) staging system is the most widely used treatment algorithm worldwide.
The BCLC staging and treatment strategy, in 2022, stated that for advanced-stage HCC
and intermediate stage patients with diffuse, infiltrative, extensive HCC liver involvement,
systemic therapy should be the recommended option [2].

In 2007, the SHARP experiment found that sorafenib monotherapy is significantly
better than placebo for advanced HCC. Sorafenib obtained approval from the United States
Food and Drug Administration (FDA) and dominated drug treatment for over a decade [4].
In 2018, the REFLECT phase III clinical study showed that the overall survival (OS) of
patients treated with lenvatinib was not inferior to that of sorafenib. The lenvatinib was
approved for first-line FDA treatment, breaking the dominance of sorafenib and becoming
a new treatment option for advanced HCC [5]. In recent years, various internationally
recognized therapeutic choices for HCC have expanded rapidly, and immune checkpoint
inhibitors (ICIs) have been extensively investigated in patients with HCC. Unlike traditional
treatment methods, ICIs do not directly destroy tumor cells but rather activate immune cells
by targeting the immune system or tumor microenvironment to kill tumors [6,7]. The Phase
I/II Checkmate040 clinical study showed that the median OS and objective response rate of
the treatment group with nivolumab were significantly better than those with sorafenib for
first-line treatment of advanced HCC. Nivolumab became the first immunotherapy drug
for HCC approved by the FDA for second-line treatment, marking the beginning of the era
of immunotherapy for advanced HCC [8]. There has already been one anti-programmed
cell death protein (PD)-1 (pembrolizumab) with two combinations, namely, nivolumab-
ipilimumab regimen and atezolizumab-bevacizumab regimen, approved by the United
States Food and Drug Administration [9]. Compared with sorafenib, the combination of
atezolizumab with bevacizumab significantly improved the median OS and progression-
free survival (PFS) of patients: 19.2 vs. 13.4 months (HR = 0.66, p < 0.001) and 6.9 months vs.
4.3 months (HR = 0.65, p < 0.001) [10], making this combination the benchmark for first-line
systemic treatment for the majority of HCC patients [2].

However, the objective response rate (ORR) for ICI monotherapy ranged from 15%
to 23% and only increased to about 30% after combination therapy [7]. Several predictive
biomarkers for ICIs treatment have been proposed, including PD-L1 expression, tumor mu-
tational burden (TMB), microsatellite instability status (MSI) and activated Wnt/β-catenin
signaling [11–15]. However, these biomarkers can only be acquired from tumor tissues, and
the utility is limited because of the invasive procedures. Serum alpha-fetoprotein (AFP)
is a glycoprotein acquired from a simple blood test routinely available in clinical practice.
AFP is the most widely accepted serum biomarker in the surveillance and non-invasive
diagnosis of HCC. Dynamic changes in AFP levels are associated with the therapeutic effect
of HCC and guide clinical practice in most cases [16]. Previous studies have shown that
early AFP response was associated with therapeutic efficacy and prognosis of ICIs therapy
for HCC [17–19]. A systematic review with meta-analysis revealed that a decline of ≥20%
in AFP levels within eight weeks of treatment may be the appropriate definition for early
AFP response [20]. A comprehensive prognostic model, including AFP response, could be
developed to predict the survival outcomes and guide treatment decision making of ICIs
therapy for unresectable HCC.

Therefore, this study explored potential predictors associated with the survival of ICIs
treatment and developed a prognostic nomogram based on early AFP response in patients
with unresectable HCC.

2. Materials and Methods

The study was approved by the Ethics Committee of the First Affiliated Hospital of
Sun Yat-Sen University (Guangzhou, China). Since it was a retrospective study, informed
consent from the patients could not be obtained, but all the patients had signed informed
consent before the ICIs treatment.
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2.1. Patients

From January 2019 to January 2023, a total of 193 patients with unresectable HCC
received ICIs treatment and were enrolled in this study. The inclusion criteria were as
follows: (1) age more than 18 years old; (2) pathologically or clinically diagnosed with HCC
following the European Association for the Study of the Liver [21]; (3) patients with HCC
who were not suitable for curative treatment (resection, transplantation or ablation) and
received at least one dose of ICI therapy; (4) Child-Pugh class A or B; (5) Eastern Cooperative
Oncology Group performance status (ECOG PS) <2. The exclusion criteria were as follows:
(1) no records of follow-up imaging or laboratory profile (n = 60); (2) patients who received
ICIs treatment before (n = 8); (3) history of cancer other than HCC (n = 2); (4) patients who
underwent liver transplantation (n = 2); (5) pregnant or lactating women (n = 1). We finally
included 120 patients in this study (Figure 1). The patients were randomly divided into
training (n = 84) and validation cohorts (n = 36) at a ratio of 7:3. The randomization process
was performed once with the “caret” package of R studio.
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Figure 1. Patient selection flowchart.

Clinical data of patients were acquired from electronic medical records, mainly includ-
ing gender, age, etiology (hepatitis B virus infection), combination therapy (transarterial
chemoembolization (TACE) or hepatic artery infusion chemotherapy (HAIC)), Child-Pugh
class and Barcelona Clinic Liver Cancer (BCLC stage). In addition, imaging profile (tumor
number, max tumor size, portal vein invasion, extrahepatic metastasis) and laboratory
parameters were acquired before the start of treatment, including peripheral blood count
(platelet (PLT), white blood cell count (WBC), neutrophil count (NEUT), monocyte count
(MONO)), liver function (albumin (ALB), alanine aminotransferase (ALT), total bilirubin
(TBIL), prothrombin time (PT)) and tumor marker (AFP). We further collected AFP levels
within the initial eight weeks after ICIs treatment. NLR (absolute neutrophil count/absolute
lymphocyte count), PLR (absolute platelet count/absolute lymphocyte count) and MLR
(absolute monocyte count/absolute lymphocyte count) were calculated.

2.2. Treatment Strategy for HCC

Patients were evaluated by a multidisciplinary team consisting of expert radiologists,
interventional radiologists, oncologists and surgeons in the field of HCC in the First
Affiliated Hospital of Sun Yat-sen University for treatment guidance based on the tumor
burden and general condition. ICIs treatment was recommended based on the status
and general condition of the HCC. ICIs were intravenously administered at the standard
dose every three weeks: camrelizumab 200 mg, sintilimab 200 mg, tislelizumab 200 mg,
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toripalimab 240 mg and pembrolizumab 200 mg. Patients were treated according to the
treatment plan until intolerable adverse events or disease progression.

2.3. Follow-up

Patients underwent abdominal contrast-enhanced computer tomography (CT), mag-
netic resonance imaging and chest-enhanced CT every 6–8 weeks during treatment. Tumor
response was assessed according to Modified Response Evaluation Criteria in Solid Tumors
(mRECIST). Progressive disease (PD) was defined as an increase of at least 20% in the sum
of the diameters of viable target lesions in the arterial phase, taking as reference the baseline
value or if new lesions appeared [22]. We further collected AFP levels within the initial
eight weeks after ICI treatment. Based on previous studies, AFP response was defined as
a decline of ≥20% in the serum AFP level within eight weeks of ICI therapy [17,18,20,23].
PFS was defined as the time from the start of the first dose of ICI therapy to radiologic
tumor progression, death or the last follow-up.

2.4. Statistical Analysis

Continuous variables were expressed as medians (interquartile range, IQR) and were
compared by the Mann–Whitney U test. Categorical variables were expressed as numerical
values with percentages and were compared by chi-squared or Fisher’s exact tests. We
included 23 variables that could be classified as tumor burden, pretreatment laboratory
inflammatory indicator and AFP response after treatment and used Cox regression analysis
to identify factors associated with PFS. Variables with a p value less than 0.05 on the univari-
able analysis were considered for multivariable Cox analysis to construct the nomogram
in the training set. The nomogram constructed from the training set was evaluated in
the validation sets. The areas under the receiver operating characteristic curves (AUCs)
were used to determine the sensitivity and specificity of the nomogram. Kaplan–Meier
analysis with the log-rank test was used to compare different risk groups. All analyses
were performed using R software (version 4.1.1, Chicago, IL, USA). A two-sided p value
less than 0.05 was considered statistically significant. The software packages involved in
this study were “ggplot2”, “survminer”, “survival”, “glmnet”, “rms”, “riskRegression”,
“dcurves”, “caret” and “nomogramFormula”.

3. Results
3.1. Patient Characteristics

The median age of this cohort was 52 years (IQR, 42–61). One hundred and sixteen
(96.7%) patients were infected with the hepatitis B virus. Ninety-five patients (79.2%) had
Child-Pugh A liver function, and 101 (84.2%) patients were in BCLC stage C. Overall, 87
(72.5%) had intrahepatic tumors >3, and 76 (63.3%) had a maximum tumor size >5 cm. Sixty-
one (50.8%) patients had portal vein invasion, and 71 (59.2%) had extrahepatic metastases.
The baseline AFP level of 48.3% (58/120) of the patients was beyond 400 µg/L, and 48.3%
(58/120) detected AFP response. Ninety-six (80%) patients received a combination of
transarterial chemoembolization or hepatic artery infusion chemotherapy. Until the last
follow-up, the median PFS (mPFS) was 7.7 months. More patients with multiple tumors
were in the validation (88.9%) than in the training set (65.5%), and the difference was
statistically significant. The mPFS of the training and validation sets was 4.5 months and
5.5 months, respectively, with no statistical difference between the two groups (p = 0.82).
The mPFS distribution of the two groups was shown in Figures S1 and S2. The baseline
data, including gender, age, HBV infection status, max tumor size, portal vein invasion,
extrahepatic metastasis, Child-Pugh class, BCLC stage and combination therapies, PLT,
ALB, ALT, TBIL, PT, WBC, NEUT, MONO, AFP, NLR, PLR and MLR, did not show a
statistically significant difference between the training set and the validation set. The
detailed baseline characteristics of 120 patients are listed in Table 1.
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Table 1. Baseline characteristics of patients in the training and validation sets (n = 120).

Variable Training Set (n = 84) Validation Set (n = 36) p-Value

Gender
Male 75 (89.29) 35 (97.22) 0.15
Female 9 (10.71) 1 (2.78)
Age (year)
<60 63 (75.00) 25 (69.44) 0.53
≥60 21 (25.00) 11 (30.56)
HBV
Negative 2 (2.38) 2 (5.56) 0.38
Positive 82 (97.62) 34 (94.44)
Tumor number
<3 29 (34.52) 4 (11.11) 0.01
≥3 55 (65.48) 32 (88.89)
Max tumor size
<5 cm 35 (41.67) 9 (25.00) 0.08
≥5 cm 49 (58.33) 27 (75.00)
Portal vein invasion
Negative 44 (52.38) 15 (41.67) 0.28
Positive 40 (47.62) 21 (58.33)
Extrahepatic metastasis
Negative 34 (40.48) 15 (41.67) 0.90
Positive 50 (59.52) 21 (58.33)
Child-Pugh class
A 66 (78.57) 29 (80.56) 0.81
B 18 (21.43) 7 (19.44)
BCLC stage
II 11 (13.10) 8 (22.22) 0.21
III 73 (86.90) 28 (77.78)
Combine TACE/HAIC
No 20 (23.81) 4 (11.11) 0.11
Yes 64 (76.19) 32 (88.89)
PLT
<100 × 109/L 11 (13.10) 5 (13.89) 0.91
≥100 × 109/L 73 (86.90) 31 (86.11)
ALB
<35 g/L 30 (35.71) 11 (30.56) 0.59
≥35 g/L 54 (64.29) 25 (69.44)
ALT
<40 U/L 46 (54.76) 21 (58.33) 0.72
≥40 U/L 38 (45.24) 15 (41.67)
TBIL
<34.2 µmol/L 80 (95.24) 33 (91.67) 0.44
≥34.2 µmol/L 4 (4.76) 3 (8.33)
PT
<14 s 75 (89.29) 33 (91.67) 0.69
≥14 s 9 (10.71) 3 (8.33)
WBC
<10 × 109/L 76 (90.48) 34 (94.44) 0.47
≥10 × 109/L 8 (9.52) 2 (5.56)
NEUT
<6.4 × 109/L 72 (85.71) 34 (94.44) 0.17
≥6.4 × 109/L 12 (14.29) 2 (5.56)
MONO
<0.5 × 109/L 42 (50.00) 21 (58.33) 0.40
≥0.5 × 109/L 42 (50.00) 15 (41.67)
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Table 1. Cont.

Variable Training Set (n = 84) Validation Set (n = 36) p-Value

Baseline AFP
<400 µg/L 43 (51.19) 19 (52.78) 0.87
≥400 µg/L 41 (48.81) 17 (47.22)
AFP response
No 45 (53.57) 17 (47.22) 0.52
Yes 39 (46.43) 19 (52.78)
NLR 3.14 (2.41, 4.51) 2.90 (2.04, 4.13) 0.14
PLR 134.65 (96.17, 206.67) 154.62 (117.42, 199.42) 0.25
MLR 0.42 (0.31, 0.60) 0.41 (0.30, 0.47) 0.15

HBV: hepatitis B virus; BCLC: Barcelona Clinic Liver Cancer; TACE: transarterial chemoembolization; HAIC:
hepatic artery infusion chemotherapy; PLT: platelet; ALB: albumin; ALT: alanine aminotransferase; TBIL: total
bilirubin; PT: prothrombin time; WBC: white blood cell count; NEUT: neutrophil; MONO: monocyte; AFP:
alpha-foetoprotein; NLR: neutrophil-to-lymphocyte ratio neutrophil; PLR: platelet-to-lymphocyte ratio; MLR:
monocyte–to-lymphocyte ratio.

3.2. Independent Predictors of PFS and Predictive Nomogram Construction (Training Set)

Based on the mRECIST guidelines, PD was observed in 46 (54.8%) patients, and
the mPFS was 4.5 months in the training set. In the univariate analysis, a max tumor
size >5 cm (HR = 0.53, 95% CI: 0.29–0.58, p = 0.04), presence of extrahepatic metasta-
sis (HR = 1.95, 95% CI: 1.03–3.68, p = 0.04), combined TACE /HAIC (HR = 0.50, 95%
CI: 0.27–0.91, p = 0.02), WBC ≥ 10 × 109/L (HR = 3.63, 95% CI: 1.46–8.99, p = 0.01),
NEUT ≥ 6.4 × 109/L (HR = 2.34, 95% CI: 1.11–4.94, p = 0.03) and AFP response (HR = 0.52,
95% CI: 0.27–0.91, p = 0.04) were associated with PFS (Figure 2). These predictors were
included in the multivariate analysis. The presence of extrahepatic metastasis (HR = 2.08,
95% CI: 1.02–4.27, p < 0.05), WBC ≥ 10 × 109/L (HR = 3.48, 95% CI: 1.02–11.88, p < 0.05)
and AFP response (HR = 0.41, 95% CI: 0.18–0.95, p < 0.05) independently predicted PFS
(Figure 3). Following that, a nomogram with independent predictors of PFS based on
extrahepatic metastasis, WBC and AFP response was constructed to evaluate the 6-month
PFS probability (Figure 4).

3.3. Model Performance and Validation

The AUC values for AFP response, metastasis and WBC were 0.59 (95% CI, 0.53–0.65),
0.66 (95% CI, 0.60–0.71) and 0.59 (95% CI, 0.55–0.62), respectively. The AUC values of
the multivariable models were 0.79 (95% CI, 0.90–0.68) and 0.70 (95% CI, 0.91–0.50) for
the training set and the validation set, respectively (Figure 5). Decision curve analysis
(DCA) showed that the models predicted a clear net benefit compared to “none” or “all”,
and the clinical utility was better (Figure 6). According to the constructed model, the
study cohort was divided into high-risk and low-risk groups, with mPFS of 3.5 months
and 11.7 months, respectively. The cutoff value for low-risk and high-risk groups is 0.
Kaplan–Meier curves among groups were shown in Figure 7, with significant differences
between groups (HR = 3.71, 95CI%: 2.04–6.74, p < 0.05).
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4. Discussion

The results of this study revealed that AFP response, extrahepatic metastasis and WBC
count were independent predictors of PFS in patients with unresectable HCC receiving ICIs
therapies. We included three variables and developed a prognostic model that exhibited
good discrimination abilities in the training set and achieved good verification results in the
validation set. The model could help identify patients who may benefit from ICIs therapies.

The advent of immunotherapy has revolutionized the landscape of cancer treatment,
offering new hope for patients with advanced HCC. However, no reliable biomarkers have
been found to predict the efficacy of immunotherapy for HCC. The expression status of
PD-L1, TMB, MSI and specific gene mutations are widely studied predictive indicators
for the therapeutic efficacy of ICIs. However, the proportion of HCC with high TMB
and MSI is deficient. A study analyzed the genomic profiling of 755 HCC specimens;
the TMB-high only accounted for 1%. Of 542 cases assessed for MSI, only one MSI-high
and TMB-high were found [12]. In addition, the expression of PD-L1 is generally low,
accounting for approximately 10–20% of tumor cells [24]. Although some clinical studies
suggest that patients with PD-L1 expression can benefit from immunotherapy, there is
little difference with PD-L1 negative HCC, and objective response can also be observed in
PD-L1 negative HCC [8]. Different detection methods, spatial heterogeneity and standard
thresholds further limit the exploration and application of the above biomarkers [25,26].
A simple and non-invasive evaluation and prediction method is urgently demanded in
current clinical practice.

AFP level is widely used in the surveillance and non-invasive diagnosis of HCC, and
its predictive value on the prognosis of HCC has also been reported [27–29]. In addition
to promoting tumor growth by several mechanisms that include apoptotic regulation and
cytoplasmic signaling modulation, AFP may also mediate suppression of the anti-tumor
immune response, as it interacts with macrophages to decrease their phagocytic activity,
inhibits the activity of natural killer cells, reduces proliferation of T-lymphocytes and
promotes the activity of T-suppressor cells [30]. Moreover, previous studies have demon-
strated that AFP may stimulate angiogenesis and induce metastasis of HCC. Increased
serum AFP concentration was correlated with the up-regulation of vascular endothelial
growth factor (VEGF) signaling in HCC tissue [31]. Excessive levels of VEGF can promote
angiogenesis and induce an immunosuppressive tumor microenvironment [32]. The tumor
growth-promoting and immunosuppressive activities of AFP may hamper the efficacy
of immunotherapy.

Increasing studies have demonstrated that a decline in AFP levels is a positive pre-
dictor of ICIs treatment. Lee et al. proposed a 10-10 rule to early predict ICI response and
OS based on baseline AFP levels ≥10 ng/mL and a 10% reduction within four weeks of
treatment [19]. Hsu et al. reported that a ≥20% decline in AFP levels within the first three
months of treatment predicted objective response and PFS [18]. Shao et al. reported that a
>20% decline in AFP levels within the first four weeks of treatment was associated with
higher efficacy of ICIs for advanced HCC [17]. A previous study revealed that a decline of
≥20% in AFP levels within eight weeks of treatment may be the appropriate definition for
early AFP response [20]. In this study, we constructed a prognostic model based on AFP
response for unresectable HCC receiving ICIs therapies.

According to the BCLC stage, BCLC C includes patients presenting with vascular
invasion or extrahepatic metastasis and should be evaluated for systemic therapies [2].
Extrahepatic metastasis is a significant independent prognostic factor for ICIs therapy in
unresectable HCC, which is consistent with the results of the previous study [33]. Unlike
traditional chemotherapy and molecular targeted therapy, ICIs induce anti-tumor effects by
reactivating exhausted T cells and thus stimulating anti-tumor immunity. A previous study
revealed that tumor response to ICIs in HCC may vary among different organs because
heterogeneous tumor-immune microenvironments and lung metastases were shown to
respond most favorably to ICIs [34]. Our study did not analyze different organs, and
further research on specific metastatic sites is warranted.
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Previous studies have evaluated the role of inflammatory markers, including serum
C-reactive protein, NLR and PLR, as prognostic predictors for several malignancies treated
with ICIs therapy [35–37]. The prognostic and predictive value of circulating neutrophils
has been reported as an independent indicator or as part of the NLR [38]. In addition,
higher levels of WBC count and NLR before treatment are independent predictors of poor
survival in patients receiving chemotherapy for advanced colorectal cancer [39]. Our
study reported that a circulating neutrophil level was associated with PFS in the univariate
analysis, and a high WBC count negatively predicted PFS. These results may be due to
the tumor-promoting effects, including fostering of cancer cell proliferation, metastatic
seeding and angiogenesis induced by the inflammatory tumor microenvironment [40].
Circulating white cells increased during cancer-mediated myelopoiesis, with neutrophils
the most abundant. The neutrophil precursors, including myelocytes and promyelocytes,
might be released in an inflammatory environment. The elevation of neutrophils induces
the production of neutrophil-derived cytokines such as VEGF, matrix metalloproteinases
and interleukin-18 (IL-18). The metalloproteinases increase migration and extravasation,
and IL-18 impairs natural killer cell and T cell function, thus promoting progression and
metastasis [41].

Although many studies regarded NLR as a strong predictive prognostic factor, some
reported negative results. For example, previous research reported that NLR was not
an independent prognosticator of PFS in patients treated with atezolizumab plus beva-
cizumab [42]. In our study, neither neutrophils nor NLR were significantly associated with
PFS. Due to our study’s relatively small sample size, we will further increase the sample
size to verify this result.

Several studies have constructed prognostic models to predict the treatment efficacy of
ICIs therapies. A previous study demonstrated that C-reactive protein and AFP score in im-
munotherapy (CRAFITY) are associated with survival and radiological response [35]. Hsu
WF et al. combined the CRAFITY score and AFP response to predict treatment outcomes in
patients with unresectable hepatocellular carcinoma receiving immunotherapy [43]. Chen
Q et al. identified tumor burden, laboratory indicators and immune target-related adverse
events as key factors associated with tumor response and constructed prognostic models
for predicting the tumor response in HCC patients receiving immunotherapy combined
with targeted therapy [44]. Our study considered tumor burden, pretreatment laboratory
inflammatory indicator and AFP response after treatment as essential biomarkers for sur-
vival outcomes. Instead of focusing on a specific type of biomarker, our study further
combined independent and different clinical factors to develop an objective scoring system.
The indicators are non-invasive and typically discovered during clinical practice without
additional costs. The prognostic model exhibited good specificity, accuracy and verifica-
tion results, which could help clinicians identify patients who would benefit most from
ICIs therapy.

There are some meta-analyses of relevant cohort studies to identify the prognostic
factors for HCC patients undergoing ICI treatment. By conducting a meta-analysis of
47 relevant cohort studies and analyzing 18 risk factors, Ma D et al. identified AFP,
albumin-bilirubin score (ALBI), NLR, ECOG performance status, ChildPugh stage, BCLC
stage, tumor number and vascular invasion as predictors for the PFS model, with AUC
values of 0.575, 0.749 and 0.691 at 1-year, 2-year and 3-year follow-up points [45]. Our study
identified AFP response, WBC and metastasis as predictors for the PFS model, with AUCs
of 0.79 and 0.70 at the 6-month time point in the training and validation sets. Our models
demonstrated relatively good performance for the PFS prediction, but the follow-up time
of our study is relatively short, and further follow-up is needed. Another meta-analysis
included a total of 44 articles with 5322 patients and confirmed that only NLR, early AFP
response (AFP decrease > 10–20% in 4–6 weeks after starting treatment) and ALBI grade
were significantly associated with OS and PFS in HCC patients receiving ICIs [46]. Our
study’s definition of AFP response is different, and further analysis to identify the optimal
definition of AFP response is also warranted.
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There were several limitations to our study. First, this is a retrospective study in a
single center without external validation and with a small sample size of only 120 patients
included. Second, most of the patients were infected with the hepatitis B virus. Our
results should be interpreted with caution when investigating other populations. Third, the
patients in this study were relatively mixed because the patients were treated with various
ICIs agents. However, this may better represent the real-world HCC population. Finally, the
follow-up time of this study is relatively short. Further follow-up is warranted to explore the
predictors of OS. However, our study developed and validated the predictive nomogram
for PFS, and these results can assist the early screening of patients who may benefit from
ICIs treatment to avoid the risk of adverse reactions and improve clinical outcomes.

5. Conclusions

We constructed a comprehensive and simple nomogram for predicting PFS in patients
with unresectable HCC receiving ICIs treatment. The model may predict the treatment
efficacy and help decision making in daily clinical practice.
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