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Abstract: This study aimed to explore the predictive role of peripheral blood indicators in the prognosis of cutane-
ous squamous cell carcinoma (cSCC) patients treated with immune checkpoint inhibitors (ICIs). Clinical data of 
139 cSCC patients receiving ICIs treatment were retrospectively collected. Peripheral blood indicators, including 
blood cell counts, neutrophil-to-lymphocyte ratio (NLR), liver and kidney function markers, and inflammation mark-
ers, were examined. A binary logistic regression model was used to identify risk factors for non-response to ICIs, 
and a predictive model was constructed. Additionally, multiple linear regression and Pearson correlation analysis 
were employed to assess relevant influences and relationships. Results showed that immunotherapy timing, lym-
phocyte count, NLR, and C-reactive protein (CRP) were influencing factors for non-response to ICIs (all P<0.05). The 
area under the curve (AUC) for these indicators in predicting non-response risk was 0.651 (95% CI: 0.529-0.773), 
0.671 (95% CI: 0.542-0.801), 0.775 (95% CI: 0.682-0.868), and 0.717 (95% CI: 0.573-0.861), respectively. The 
combined AUC of these four factors was 0.878 (95% CI: 0.790-0.966), with sensitivity and specificity of 76.0% and 
93.0%, respectively. After internal verification, the constructed model exhibited predicted sensitivity and specificity 
of 80.00% and 94.29% respectively. Multiple linear regression analysis indicated that these four factors were inde-
pendent predictors of progression-free survival (PFS) in cSCC patients. Immunotherapy timing, NLR, and CRP were 
negatively correlated with PFS (r = -0.235, -0.330, -0.494), while lymphocyte count was positively correlated with 
PFS (r = 0.326). In conclusion, peripheral blood indicators are valuable for predicting the response to ICIs in cSCC 
and can influence patients’ PFS.
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Introduction

Cutaneous squamous cell carcinoma (cSCC) is 
a common skin malignancy accounting for 25% 
of all skin cancers, with a higher malignancy 
and metastasis rate than basal cell carcinoma 
[1]. Most cSCC cases are caused by actinic  
keratosis due to long-term sunlight exposure. 
Besides, scars after burns and trauma, and 
chronic inflammatory ulcers can also induce 
cSCC. In recent years, the incidence of cSCC 
has been on the rise [2]. With advancements in 
medical treatments, immune checkpoint inhibi-
tors (ICIs) have shown great potential in manag-
ing cSCC [3]. However, not all patients benefit 
equally from ICI therapy, and their prognosis 

can vary widely [4]. Identifying reliable prognos-
tic predictors is crucial for optimizing treatment 
plans and improving patient outcomes.

Peripheral blood indicators, being simple, ac- 
cessible, and repeatable, are of great signifi-
cance in the diagnosis and prognosis evalua-
tion of tumors. Recent studies have increa- 
singly focused on the relationship between 
peripheral blood indicators and tumor progno-
sis. For example, the neutrophil-to-lymphocyte 
ratio (NLR) has been closely linked to the prog-
nosis of various cancers, with a high NLR often 
indicating a poor prognosis [5-7]. Lymphocyte 
count is also associated with immune status 
and tumor prognosis, where higher counts typi-
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cally correlate with better prognosis [8, 9]. In 
the context of ICI therapy, peripheral blood 
markers could serve as important predictors  
of prognosis in cSCC patients by reflecting 
immune status, inflammation, and other fac-
tors. Markers such as immune cell subsets and 
inflammatory factors may interact with immune 
checkpoint inhibitors, influencing treatment 
response and survival outcome of patients [10, 
11].

This study aims to investigate the predictive 
role of peripheral blood indicators in the prog-
nosis of cSCC patients undergoing ICI treat-
ment. By analyzing various peripheral blood 
markers, we seek to identify key indicators that 
can accurately predict patient outcomes and 
provide a scientific basis for personalized treat-
ment plans, ultimately enhancing treatment 
effectiveness and patient quality of life.

Materials and methods

Research subjects

Clinical data from 139 cSCC patients undergo-
ing ICIs treatment at the Hospital of Chengdu 
University of Traditional Chinese Medicine from 
August 2018 to July 2022 were retrospectively 
analyzed in this study. Inclusion criteria: (1) 
cSCC diagnosis confirmed by pathology, im- 
aging, and dermatovenereology [12]; (2) 
Immunotherapy for ≥2 cycles; (3) Eastern 
Cooperative Oncology Group-performance sta-
tus (ECOG-PS) [13] ≤3 points; (4) Presence of  
at least one measurable or evaluable primary 
or metastatic lesion on imaging; (5) Complete 
clinical, pathological, and follow-up data. Ex- 
clusion criteria: (1) Multiple primary tumors, 
either simultaneously or previously; (2) Pre- 
sence of hematological or immune system dis-
eases that affect hematological indicators. 

Another 100 cSCC patients treated with ICIs at 
our hospital between August 2022 and July 
2024 were selected for external validation of 
the predictive risk model.

This study was approved by the Ethics Com- 
mittee of Hospital of Chengdu University of 
Traditional Chinese Medicine.

Collection and detection methods of peripheral 
blood indicators

Blood routine detection: Before treatment, 2-5 
mL of fasting peripheral venous blood was col-

lected from patients. The samples were imme-
diately mix gently to prevent coagulation and 
stored at 2-8°C for further analysis. Blood  
cell counts and classifications, including white 
blood cells, lymphocytes, and neutrophils, were 
detected using a Mindray BC-6800 automatic 
hematology analyzer (Shenzhen Mindray Bio-
Medical Electronics Co., Ltd.), employing meth-
ods such as electrical impedance and laser 
scattering. The neutrophil-to-lymphocyte ratio 
(NLR) was calculated as the ratio of neutrophils 
to lymphocytes.

Liver and kidney function detection: Fasting 
peripheral venous blood was collected before 
treatment, centrifuged at 3000-4000 r/min for 
10-15 minutes to separate serum, which was 
stored in a refrigerator for subsequent analysis. 
Liver and kidney function markers (e.g., alani- 
ne aminotransferase, aspartate aminotransfer-
ase, creatinine, and urea nitrogen) were detect-
ed using a Beckman Coulter AU5800 auto- 
matic biochemical analyzer (Beckman Coulter 
Commerce (China) Co., Ltd.) with its corre-
sponding biochemical detection kit, applying 
the colorimetric method. 

Inflammatory marker detection: Before treat-
ment, inflammatory markers, including C-reac- 
tive protein (CRP) and procalcitonin (PCT), were 
measured using a Roche Cobas e 411 automat-
ic electrochemiluminescence immunoanalyzer 
(Roche Diagnostics (Shanghai) Co., Ltd.) and its 
respective detection kit.

Prognostic assessment

Follow-up data were obtained from hospital 
records or telephone calls, with a cutoff date of 
July 31, 2024. Efficacy was evaluated using the 
Response Evaluation Criteria in Solid Tumors 
(RECIST v.1.1) [14], which classifies responses 
as complete response (CR), partial response 
(PR), stable disease (SD), or progressive dis-
ease (PD). The objective response rate (ORR) 
was calculated as the percentage of patients 
achieving CR and PR after treatment, relative  
to the total number of patients; the disease 
control rate (DCR) was calculated as the per-
centage of patients achieving PR+CR+SD after 
treatment relative to the total number of cases. 
Response to ICIs was defined as tumor shrink-
age, tumor stability, or symptom improvement 
(corresponding to CR, PR and SD); while no 
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used to assess the impact of Immunotherapy 
timing, lymphocyte count, NLR, and CRP on 
PFS and to explore the relationships between 
these factors. A P-value of <0.05 was consid-
ered statistically significant.

Results

Patient characteristics

The 139 cSCC patients were aged 49-68 years, 
with an average age of (57.72±3.81) years; the 
lesion diameter ranged from 1.7-8.6 cm, with 
an average of (5.28±1.32) cm; the disease 
duration ranged from 1-4 years, with an aver-
age disease course of (2.63±0.68) years. Of 
the patients, 92 cases (66.19%) were male,  
93 cases (66.91%) had lesions on exposed 
parts, 65 cases (46.76%) had tumors infiltrat-
ing into the subcutaneous tissue, 73 cases 
(52.52%) had moderate to high-grade cSCC. 
Additionally, 36 cases (25.90%) had a history  
of cSCC recurrence, and 93 cases (66.91%) 
had received radiotherapy (Table 1).

Analysis of treatment response

Thirteen patients (9.35%) achieved CR, 51 
patients (36.69%) achieved PR, 50 patients 
(35.97%) achieved SD, and 25 patients 
(17.98%) had PD. The ORR was 46.04%, and 
the DCR was 82.01%.

Clinicopathological features and peripheral 
blood index levels of patients with or without 
response to ICIs

Among patients without response to ICIs, a 
higher proportion had TNM stage I/II and under-
went second-/third-/later-line treatments com-
pared to those with a response (P<0.05). No 
significant differences were observed in other 
baseline data or pathological characteristics 
(P>0.05). In total, 25 patients did not respond 
to ICIs, while 114 patients showed a response. 
Peripheral blood analysis revealed that non-
responders had significantly higher NLR and 
CRP levels and lower lymphocyte counts com-
pared to responders (all P<0.05) (Table 2).

Logistic regression analysis of factors influenc-
ing non-response to ICIs

Taking response to ICIs as the dependent vari-
able (yes = 0, no = 1), logistic regression analy-

response was characterized by tumor progres-
sion or aggravated symptoms (corresponding 
to PD) [15, 16]. Progression-free survival (PFS) 
was defined as the time from the start of ICIs 
treatment to the first observation of PD, the  
last follow-up, or death [17, 18]. All evaluation 
was conducted by an independent team, not 
involved in patient treatment, to minimize eval-
uation bias.

Immune checkpoint inhibitor medication situ-
ation

In this study, the main immune checkpoint 
inhibitor used by the included patients was 
pembrolizumab (manufacturer: Merck Sharp & 
Dohme Corp., USA; approval number: National 
Drug Approval No. SJ20180019). Treatment 
with pembrolizumab began immediately after 
diagnosis. The average treatment duration was 
7.5 months, with a range from 5 months to 12 
months. Regarding drug changes, 129 patients 
continued with pembrolizumab throughout the 
treatment period. Ten patients changed their 
treatment regimen due to disease progression 
or intolerable adverse reactions, but the type  
of immune checkpoint inhibitor remained the 
same. For TNM stage at the time of treatment, 
stage I patients primarily received adjuvant 
therapy to reduce the risk of recurrence; stage 
II patients typically received pembrolizumab 
monotherapy, while some stage III patients 
were treated with a combination of immune 
checkpoint inhibitors and other therapeutic 
modalities, such as surgery or radiotherapy.

Statistical analysis

Data were analyzed using SPSS 21.0 soft- 
ware. Measurement data conforming to normal 
distribution were expressed as mean ± stan-
dard deviation, and compared using indepen-
dent sample t-test between two groups. Count 
data were described by n (%), and the chi-
square test or continuity correction was use for 
data comparison. A binary logistic regression 
model [19] was used to identify risk factors for 
non-response to ICIs in cSCC patients and to 
construct a predictive model. The model’s pre-
dictive performance was evaluated using re- 
ceiver operating characteristic (ROC) curves, 
area under the curve (AUC), sensitivity and 
specificity. Multiple linear regression [20] anal-
ysis and Pearson correlation analysis were 
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tors for non-response to ICIs in cSCC patients 
(P<0.05) (Table 3).

Risk model building, predictive performance, 
and internal validation

A risk prediction model for non-response to  
ICIs in cSCC patients was constructed based 
on significant risk factors: Logit(P) = -4.875 + 
1.484 * Immunotherapy timing - 3.071 * lym-
phocyte count + 0.758 * NLR + 0.259 * CRP. 
The AUCs of these indicators for predicting  
non-response to ICIs were: Immunotherapy tim-
ing: 0.651 (95% CI: 0.529-0.773); Lymphocyte 
count: 0.671 (95% CI: 0.542-0.801); NLR: 
0.775 (95% CI: 0.682-0.868); and CRP: 0.717 
(95% CI: 0.573-0.861). Immunotherapy timing 
and NLR demonstrated relatively high sensitivi-
ties, 60.0% and 88.0%, respectively, while lym-
phocyte count and NLR showed high specifici-
ties of 97.4% and 86.8%, respectively (Table 4; 
Figure 1).

Prediction performance and internal validation 
of the risk model

The model’s predictive performance was first 
evaluated using a training set of 139 patients. 
Additionally, data from 100 other cSCC patients 
treated with ICIs were used as an external vali-
dation set. 

ROC curve analysis: Training set: ROC curve 
analysis indicated a strong predictive ability, 
with an AUC of 0.866 (95% CI: 0.773-0.958), 
suggesting high prediction accuracy in the tra- 
ining set (Figure 2A). Validation set: The ROC 
curve for the validation set also demonstrated 
good performance, with an AUC of 0.826 (95% 
CI: 0.726-0.926). Although slightly lower than 
that of the training set, this result still showed 
that the model had a certain ability to distin-
guish between responders and non-responders 
in new data, highlighting its acceptable gener-
alization capability (Figure 2B).

Calibration curve analysis: Training set: The 
“Apparent” and “Bias-corrected” curves dem-
onstrated the model’s prediction accuracy by 
comparing them to the “Ideal” curve. As shown 
in Figure 3A, the calibration curve for the train-
ing set data was closely aligns with the ideal 
curve within a certain range, indicating good 
consistency between the model’s predicted 

Table 1. Baseline characteristics of the included 
139 patients
Characteristic N Percentage
Gender
    Male 92 66.19%
    Female 47 33.81%
Age
    <60 years old 98 70.50%
    ≥60 years old 41 29.50%
Lesion location
    Exposed 93 66.91%
    Unexposed 46 33.09%
Lesion diameter
    <5 cm 58 41.73%
    ≥5 cm 81 58.27%
Infiltration depth
    Epidermis 32 23.02%
    Dermis 42 30.22%
    Subcutaneous tissue 65 46.76%
Pathological grade
    Low grade 66 47.48%
    Moderate/high grade 73 52.52%
TNM stage
    Stage I/II 98 70.50%
    Stage III 41 29.50%
Lymph node metastasis
    Yes 16 11.51%
    No 123 88.49%
cSCC recurrence
    Yes 36 25.90%
    No 103 74.10%
Radiotherapy
    Yes 93 66.91%
    No 46 33.09%
Disease course (years)
    <2 years 65 89.93%
    ≥2 years 74 10.07%
Immunotherapy timing
    First-line treatment 104 74.82%
    Second-/third-/later-line treatment 35 25.18%

sis was performed with the following signifi- 
cant indicators as independent variables: TNM 
stage (stage I/II = 0, stage III/IV = 1), 
Immunotherapy timing (first-line = 0, second-
line, third-line or later-line treatment = 1), lym-
phocyte count, NLR, CRP levels. The analysis 
revealed that Immunotherapy timing, lympho-
cyte count, NLR, and CRP were influencing fac-



Prognosis of immune checkpoint inhibitors

1709	 Am J Cancer Res 2025;15(4):1705-1718

Table 2. Comparison of baseline characteristics between patients with and without response to ICIs
Characteristic Responders (n=25) Non-responders (n=114) x2/t P
Gender 0.045 0.832
    Male 17 (68.00%) 75 (65.79%)
    Female 8 (32.00%) 39 (34.21%)
Age 0.620 0.431
    <60 years old 16 (64.00%) 82 (71.93%)
    ≥60 years old 9 (36.00%) 32 (28.07%)
Lesion location 0.357 0.550
    Exposed 18 (72.00%) 75 (65.79%)
    Unexposed 7 (28.00%) 39 (34.21%)
Lesion diameter 0.037 0.847
    <5 cm 10 (40.00%) 48 (42.11%)
    ≥5 cm 15 (60.00%) 66 (57.89%)
Infiltration depth 2.826 0.243
    Epidermis 8 (32.00%) 24 (21.05%)
    Dermis 9 (36.00%) 33 (28.95%)
    Subcutaneous tissue 8 (32.00%) 57 (50.00%)
Pathological grade 0.250 0.617
    Low grade 13 (52.00%) 53 (46.49%)
    Moderate/high grade 12 (48.00%) 61 (53.51%)
TNM stage 8.180 0.004
    Stage I/II 10 (40.00%) 80 (70.18%)
    Stage III 15 (60.00%) 34 (29.82%)
Lymph node metastasis 0.068 0.794
    Yes 2 (8.00%) 14 (12.28%)
    No 23 (92.00%) 100 (87.72%)
cSCC recurrence 0.591 0.442
    Yes 8 (32.00%) 28 (24.56%)
    No 17 (68.00%) 86 (75.44%)
Radiotherapy 1.638 0.201
    Yes 14 (56.00%) 79 (69.30%)
    No 11 (44.00%) 35 (30.70%)
Disease course (years) 1.678 0.195
    <2 years 13 (52.00%) 75 (65.79%)
    ≥2 years 12 (48.00%) 39 (34.21%)
Immunotherapy timing 7.224 0.007
    First-line treatment 11 (44.00%) 82 (71.93%)
    Second-/third-/later-line treatment 14 (56.00%) 32 (28.07%)
White blood cell (×109/L) 6.35±1.27 6.72±1.50 1.146 0.254
Lymphocyte (×109/L) 1.02±0.28 1.19±0.31 2.524 0.013
Neutrophil (×109/L) 2.35±0.56 2.28±0.73 0.451 0.653
NLR 2.89±1.41 2.00±0.87 4.086 <0.001
Alanine aminotransferase (U/L) 32.55±4.68 30.62±5.61 1.601 0.112
Aspartate aminotransferase (U/L) 28.22±3.54 29.16±3.70 1.159 0.248
Creatinine (μmol/L) 75.16±5.11 73.58±8.42 0.901 0.369
Urea nitrogen (mmol/L) 6.02±1.54 5.79±1.28 0.784 0.435
CRP (mg/L) 24.16±12.39 13.28±3.21 8.281 <0.001
Procalcitonin (μg/mL) 0.33±0.08 0.35±0.06 1.416 0.159
ICI: Immune checkpoint inhibitor; cSCC: cutaneous squamous cell carcinoma; NLR: Neutrophil-to-Lymphocyte Ratio; CRP: C-
reactive protein.
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Table 4. Predictive performance of the constructed risk model

Test result variable AUC (95% CI) Standard 
error P Sensitivity 

(%)
Specificity 

(%)
Optimal  

cut-off value
Immunotherapy timing 0.651 (0.529-0.773) 0.062 0.018 60.0 70.2 -
Lymphocyte count 0.671 (0.542-0.801) 0.066 0.007 52.0 97.4 18.55
NLR 0.775 (0.682-0.868) 0.047 0.000 52.0 86.8 0.26
CRP 0.717 (0.573-0.861) 0.074 0.001 88.0 45.0 1.96
NLR: Neutrophil-to-Lymphocyte Ratio; CRP: C-reactive protein.

Table 3. Logistic regression analysis of factors influencing non-response to ICIs in cSCC patients
Variable B SE Wals P OR (95% CI)
Step 1
    TNM staging 0.026 0.624 0.002 0.967 1.026 (0.302-3.487)
    Immunotherapy timing 1.485 0.628 5.596 0.018 4.415 (1.290-15.110)
    Lymphocyte count -3.070 1.274 5.810 0.016 0.046 (0.004-0.564)
    NLR 0.758 0.247 9.411 0.002 2.134 (1.315-3.463)
    CRP 0.259 0.075 11.858 0.001 1.296 (1.118-1.502)
    Constant -4.890 1.727 8.017 0.005 0.008 
Step 2
    Immunotherapy timing 1.484 0.627 5.596 0.018 4.412 (1.290-15.091)
    Lymphocyte count -3.071 1.273 5.818 0.016 0.046 (0.004-0.562)
    NLR 0.758 0.247 9.448 0.002 2.135 (1.316-3.462)
    CRP 0.259 0.075 11.939 0.001 1.295 (1.119-1.500)
    Constant -4.875 1.685 8.365 0.004 0.008
ICI: Immune checkpoint inhibitor; cSCC: cutaneous squamous cell carcinoma; NLR: Neutrophil-to-Lymphocyte Ratio; CRP: C-
reactive protein.

Figure 1. ROC curves for immunotherapy timing, lymphocyte count, NLR 
and CRP in predicting the non-response to ICIs in cSCC patients. ROC: re-
ceiver operating characteristic; NLR: Neutrophil-to-Lymphocyte Ratio; CRP: 
C-reactive protein; ICIs: Immune checkpoint inhibitors.

probabilities and the actual outcomes (Figure 
3A). Validation set: Similar to the training set, 
the calibration curve for the validation set was 
also closely approached the ideal curve, further 

confirming the reliability of the 
model’s predicted probabilities 
in the validation set (Figure 
3B).

Decision curve analysis: Trai- 
ning set: The decision cur- 
ve analysis demonstrated that 
the “Premodel” curve provided 
a net benefit. Compared with 
the “All” and “None” curves, 
the “Premodel” curve was in a 
relatively high position, indicat-
ing that using this model for 
decision-making could yield a 
greater net benefit, that is, the 
model has strong clinical deci-
sion-making value in the train-
ing set (Figure 4A). Validation 

set: The decision curve of the validation set 
showed a similar trend. Within a certain risk-
threshold range, the “Premodel” curve was  
also higher than the “All” and “None” curves, 



Prognosis of immune checkpoint inhibitors

1711	 Am J Cancer Res 2025;15(4):1705-1718

Figure 2. The ROC curves for the constructed predictive model in training set (A) and the validation set (B).

Figure 3. The calibration curves for the constructed predictive model in training set (A) and the validation set (B).

indicating that the model maintains clinical 
decision-making value in the validation set and 
can provide a valuable reference for clinical 
decision-making (Figure 4B).

Influence of immunotherapy timing, lympho-
cyte count, NLR, and CRP, on PFS

Multiple linear regression analysis was per-
formed with PFS of cSCC patients as the de- 
pendent variable and immunotherapy timing, 
lymphocyte count, NLR, and CRP as indepen-
dent variables. The results showed that immu-

notherapy timing, lymphocyte count, NLR, and 
CRP are independent factors influencing PFS  
in cSCC patients (all P<0.05) (Table 5). The 
model summary and ANOVA show that an R 
value greater than 0.6 (0.630) indicates a  
good model fit. The P-value of Anova for PFS 
being less than 0.05 implies a linear correla-
tion. The histogram (Figure 5A) shows that the 
residual distribution is roughly higher in the 
middle and lower on both sides, approximating 
a normal distribution, which indicates a good 
model fit for the data. In the scatter plot (Figure 
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Table 5. Influence of Immunotherapy timing, lymphocyte count, 
NLR, and CRP on PFS
Variable β SE β′ t P
Constant -0.217 0.127 - -1.706 0.040 
Immunotherapy timing 0.160 0.054 0.199 2.947 0.004 
Lymphocyte count -0.207 0.083 -0.167 -2.485 0.014 
NLR 0.083 0.022 0.268 3.820 <0.001 
CRP 0.025 0.004 0.413 5.934 <0.001 
β is the unstandardized coefficient, β’ is the standardized coefficient, and t is the 
t-value of multiple linear regression analysis. NLR: Neutrophil-to-Lymphocyte Ratio; 
CRP: C-reactive protein.

Figure 4. The decision curves for the constructed predictive model in training set (A) and the validation set (B).

5B), although the scatter points are somewhat 
dispersed, they generally show a random dis- 
tribution around a certain horizontal position 
without an obvious curvilinear trend, suggest-
ing a linear relationship between the indepen-
dent and dependent variables. Immunotherapy 
timing, NLR, and CRP were negatively correlat-
ed with PFS (r = -0.235, -0.330, -0.494), while 
lymphocyte count was positively correlated 
with PFS (r = 0.326) (all P<0.05).

Discussion

Immune checkpoint inhibitors (ICIs) have shown 
potential in the treatment of cSCC [21]. Based 
on the objective response rate (ORR) and dis-
ease control rate (DCR), this treatment has 
shown some effectiveness. The ORR indicates 
that nearly half of the patients experienced sig-
nificant tumor shrinkage or complete disap-
pearance after treatment, which is a positive 

outcome for cSCC patients 
and aligns with findings by 
Grob [22] and Rischin [23].  
The DCR suggests that most 
patient’ conditions were con-
trolled, with stable or remitted 
disease, offering survival ben-
efits and improved quality of 
life [24, 25]. The distribution of 
patients in different response 
states also provides further 
insight. The relatively high pro-
portion of patients achieving 

PR and SD indicates that ICIs are effective in 
controlling disease progression. However, the 
relatively low proportion of patients achieving 
CR suggests a need to further optimize treat-
ment strategies to enhance the likelihood of 
deeper remission. Patients with PD also need 
closer monitoring to adjust treatment plans 
promptly [26, 27].

Treatment line may reflect both the stage of dis-
ease progression and dynamic changes in the 
immune system [28, 29]. During first-line treat-
ment, patients typically have a lower tumor bur-
den and a relatively intact immune system, 
increasing the likelihood of responding to ICIs. 
As the disease progresses to second-line, third-
line, or later treatments, tumors may develop 
immune escape mechanisms [30, 31]. The 
immune system of patients with early-stage 
tumors is often more active, allowing immune 
cells to effectively target and attack tumor cells 
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Figure 5. Multiple linear regression analysis of factors influencing progres-
sion-free survival (PFS). A. Histogram; B. Scatter plot.

[32, 33]. In contrast, at later stages, the im- 
mune system may be severely compromised, 
reducing the effectiveness of immunotherapy 
[34]. 

The non-response of cSCC patients to ICIs may 
be related to the imbalance in lymphocyte sub-
sets. A study [35] found that SCC cells recruit 
regulatory T cells (Tregs) into the tumor micro-
environment (TME), potentially to evade im- 
mune surveillance. Tregs suppress effector T 
cell activity, and an excessive number of Tregs 
can impair anti-tumor immunity [36]. Further- 
more, some cSCC patients exhibit the expres-
sion of new immune checkpoint molecules, 
which hinder the efficacy of ICIs [37]. The im- 
munosuppressive factors in the TME also affect 
lymphocyte function, and altered lymphocyte 
metabolism may contribute to non-responsive-
ness to ICIs. A study [38] indicates that ab- 
normal lymphocyte metabolism in some cSCC 

patients may affect their func-
tion and survival, thus influenc-
ing the efficacy of ICIs. 

A high NLR is associated with 
poor prognosis in cSCC, likely 
due to several mechanisms. 
Neutrophils release various tu- 
mor-promoting factors, such 
as vascular endothelial growth 
factor (VEGF) [39] and matr- 
ix metalloproteinases (MMPs) 
[40], which promote tumor 
growth, invasion, and angio-
genesis. Additionally, neutro-
phils can also inhibit the ac- 
tivity of lymphocytes, weaken-
ing the anti-tumor immune 
response. Elevated NLR is 
often indicative of immune 
system dysfunction [41]. An 
increase in neutrophils can 
trigger excessive inflammati- 
on, suppressing immune func-
tion, while a decrease in lym-
phocytes implies a weakened 
anti-tumor ability [42]. 

CRP was identified as an in- 
fluencing factor for the non-
response to ICIs in cSCC 
patients. High CRP levels gen-
erally indicate a strong inflam-

matory state, which can lead to the release of 
inflammatory cells and cytokines [43] that pro-
mote tumor progression. Elevated CRP level 
may also signify immune system dysfunction 
[44]. The mechanism of ICIs involves activating 
the immune system to attack tumor cells; how-
ever, when CRP levels are too high, the immune 
system may become over-activated or unbal-
anced, reducing ICI efficacy. In addition, CRP 
may interact with the complement system, trig-
gering the complement cascade and producing 
immunosuppressive fragments that inhibit im- 
mune cell activity [45]. Thus, CRP is a poten- 
tial biomarker for predicting the treatment 
response of cSCC patients to ICIs.

The developed risk prediction model shows 
that each individual risk factor has predictive 
value for the non-response risk of cSCC pa- 
tients to ICIs. Notably, the combined prediction 
model, which incorporates all four indicators, 
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demonstrates a higher AUC than any single 
indicator, underscoring the advantage of a 
multi-factorial approach. This combined predic-
tion model provides a more powerful tool for 
clinicians, enabling early identification of high-
risk patients who may not respond to ICIs. 
Clinicians can then adjust the treatment plans 
accordingly, such as considering combination 
therapies or intensifying monitoring. Addi- 
tionally, this approach supports personalized 
medicine, allowing for tailored treatment strate-
gies based on individual risk profiles, ultimately 
improving treatment outcomes and enhancing 
patient quality of life.

Multiple linear regression analysis showed a 
significant linear relationship between immuno-
therapy timing, lymphocytes, NLR, and CRP 
with PFS. First, the impact of immunotherapy 
timing on PFS is likely related to differences in 
the patient’s tumor burden, immune system 
state, and TME at various stages of treatment. 
Early initiation of immunotherapy may more 
effectively stimulate the immune system to 
attack the tumor before immune escape mech-
anisms become more established, thereby pro-
longing PFS [46]. A high NLR is associated with 
a shorter PFS, suggesting that immune imbal-
ance hinders disease control in patients [47, 
48]. Hu et al. [49] showed that a high NLR was 
associated with poor overall survival (OS) and 
PFS in hypopharyngeal cancer, which aligns 
with the findings in this study. Elevated CRP lev-
els reflect systemic inflammation, which can 
promote tumor progression and immune sup-
pression. A high level of CRP is associated with 
a poor PFS, likely due to an inflammatory micro-
environment that undermines the effective-
ness of immunotherapy [50, 51]. Lower lym-
phocytes may imply immune dysfunction, ne- 
gatively affecting both immunotherapy respon- 
se and PFS. Similar studies have confirmed 
that these factors significantly influence immu-
notherapy outcomes and survival in various 
tumor types [52-54]. 

This study still has several limitations. First, its 
retrospective design may introduce selection 
and information bias, potentially affecting the 
reliability of the results. Second, the relatively 
small sample size may limit statistical power 
and affect the generalizability of the findings. 
Third, the study mainly focused on peripheral 

blood indicators, potentially overlooking other 
key prognostic factors, such as the gene muta-
tions and other molecular markers in the TME. 
In addition, variations in detection methods 
and patients’ physiological changes could influ-
ence the stability of the results. Finally, this 
study lacks long-term follow-up data, which 
may prevent a comprehensive assessment of 
the long-term prognosis of patients. Future 
studies should aim to expand the sample size, 
adopt a prospective design, include additional 
prognostic factors, and conduct long-term fol-
low-ups to further elucidate the predictive role 
of peripheral blood indicators in the prognosis 
of cSCC patients treated with ICIs.

Conclusion 

Peripheral blood indicators can effectively pre-
dict the treatment response of cSCC patients 
to ICIs and are also associated with patient 
PFS. This study confirms the significant role of 
immunotherapy timing, lymphocytes, NLR, and 
CRP in tumor immunotherapy. The possible 
mechanisms include tumor burden, immune 
system dysfunction, and alterations in the TME. 
These results offer valuable clinical insights for 
the treatment of cSCC patients, aiding in the 
development of personalized treatment plans. 
Future studies can further explore the specific 
mechanisms through which these factors influ-
ence ICIs response, providing additional evi-
dence to enhance cSCC treatment outcomes.
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