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Background: This study aimed to develop and validate a novel nomogram to
predict survival in advanced non-small cell lung cancer (NSCLC) receiving
programmed cell death 1 (PD-1) inhibitor plus chemotherapy with or without
antiangiogenic therapy.

Methods: A total of 271 patients with advanced NSCLC who received anti-PD-1
plus chemotherapy with or without antiangiogenic therapy were enrolled in our
center and randomized into the training cohort (n = 133) and the internal
validation cohort (n = 138). Forty-five patients from another center were
included as an independent external validation cohort. The nomogram was
created based on the multivariate Cox regression analysis to predict overall
survival (OS) and progression-free survival (PFS). The performance of the
nomogram was assessed using the concordance index (C-index), the time-
dependent area under the receiver operating (ROC) curves (AUCs), calibration
curves, and decision curve analysis (DCA).

Results: Four factors significantly associated with OS were utilized to create a
nomogram to predict OS: Eastern Cooperative Oncology Group performance
status (ECOG PS), programmed cell death-ligand 1 (PD-L1) expression,
chemotherapy cycle, and pretreatment lactate dehydrogenase—albumin ratio
(LAR). Six variables significantly associated with PFS were incorporated into the
development of a nomogram for predicting PFS: ECOG PS, histology, PD-L1
expression, chemotherapy cycle, pretreatment platelet to lymphocyte (PLR), and
pretreatment LAR. The C-indexes of the nomogram for predicting OS and PFS
were 0.750 and 0.747, respectively. The AUCs for predicting the 6-month, 12-
month, and 18-month OS and PFS were 0.847, 0.791, and 0.776 and 0.810, 0.787,
and 0.861, respectively. The calibration curves demonstrated a good agreement
between predictions and actual observations. The DCA curves indicated that the
nomograms had good net benefits. Furthermore, the nomogram model was
well-validated in the internal and external cohorts.
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Conclusion: The novel nomogram for predicting the prognosis of advanced
NSCLC receiving anti-PD-1 plus chemotherapy with or without antiangiogenic
therapy may help guide clinical treatment decisions.
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1 Introduction

Lung cancer is a widespread and fatal malignancy worldwide (1).
Non-small cell lung cancer (NSCLC) accounts for 85% of lung cancer
(2). Most patients are diagnosed at an advanced stage. Platinum-
based chemotherapy is the standard first-line treatment regimen for
advanced NSCLC patients without driver mutations (3). However,
the efficacy of chemotherapy alone is limited, with response rates
ranging from 25% to 35% (4).

Immune checkpoint inhibitors (ICIs) such as programmed cell
death 1 (PD-1) inhibitors have demonstrated significant advantages
in antitumor therapy and are widely used in clinical practice (5).
Several studies have shown that ICIs improve the prognosis of
patients with advanced NSCLC in comparison to chemotherapy
(6-9). However, it has been reported that only approximately 20%
of patients exhibit a favorable response to ICIs (10, 11). Therefore, the
combination therapy has attracted the attention of clinicians. An
increasing body of evidence suggests that immunotherapy and
chemotherapy have a synergistic effect. Firstly, chemotherapy
enhances the sensitivity of tumor cells to immune-mediated killing
(12). Additionally, chemotherapy increases the immunogenicity of
tumor cells and eliminates immunosuppressive cells (13, 14).
Moreover, immunotherapy has the potential to enhance patients’
sensitivity to chemotherapy. The KEYNOTE-189 study analyzed the
efficacy of pembrolizumab plus chemotherapy versus chemotherapy
alone in patients with non-squamous NSCLC, and the results
suggested that pembrolizumab combined with platinum-based
chemotherapy significantly prolonged overall survival (OS) and
progression-free survival (PFS) when compared with chemotherapy
alone (6). The KEYNOTE-407 study also demonstrated a significant
improvement in OS and PFS for patients with metastatic squamous
NSCLC receiving pembrolizumab plus chemotherapy (15).

Abbreviations: NSCLC, non-small cell lung cancer; PD-1, programmed cell
death 1; PD-L1, programmed cell death-ligand 1; ICIs, immune checkpoint
inhibitors; OS, overall survival; PFS, progression-free survival; ECOG PS, Eastern
Cooperative Oncology Group performance status; NLR, neutrophil to
lymphocyte ratio; PLR, platelet to lymphocyte ratio; MLR, monocyte to
lymphocyte ratio; LAR, lactate dehydrogenase—albumin ratio; LDH, lactate
dehydrogenase; Alb, albumin; ORR, objective response rate; DCR, disease
control rate; CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease; C-index, concordance index; time-dependent ROC,
time-dependent receiver operating characteristic; DCA, decision curve analysis;

AUC, area under of the time-dependent ROC curve; IQR, interquartile range.
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Combination immunotherapy is increasingly recommended as a
first-line treatment regimen for advanced NSCLC (16). However,
identifying the optimal population for combination immunotherapy
remains a significant challenge. Programmed cell death-ligand 1 (PD-
L1) expression is now commonly used as a predictor of
immunotherapy efficacy in NSCLC. However, PD-L1 expression
alone is not sufficient to predict efficacy accurately (17), especially
in the modality of combination immunotherapy. As the combination
immunotherapy approach is widely applied in clinical practice, it is
necessary to explore more potential indicators to predict survival.
Therefore, in this study, we aim to identify predictive markers that
influence efficacy and attempt to create a novel nomogram predicting
the prognosis of advanced NSCLC patients who were treated with
anti-PD-1 plus chemotherapy with or without antiangiogenic
therapy, which is beneficial for guiding clinical treatment decisions.

2 Methods
2.1 Study population

This retrospective study included 316 patients with advanced
NSCLC receiving anti-PD-1 plus chemotherapy with or without
antiangiogenic therapy from two centers: 271 patients from our
center between January 2018 and January 2023 and 45 patients from
another center between January 2021 and March 2023. The inclusion
criteria were as follows: 1) pathologically confirmed NSCLC, 2)
diagnosis with stages ITIB-IV, 3) age =18 years, and 4) Eastern
Cooperative Oncology Group performance status (ECOG PS) 0-2.
The exclusion criteria were as follows: 1) had EGFR/ALK/ROSI
mutations, 2) had infection and steroid hormone treatment within 1
month prior to treatment initiation, 3) had other sites of primary
malignancy, and 4) previously received other antitumor treatments.

2.2 Data collection

The clinical information included age, gender, smoking history,
Eastern Cooperative ECOG PS, histology, PD-L1 expression, clinical
stage, brain metastases, bone metastases, liver metastases,
chemotherapy cycle, antiangiogenic therapy, and hematological
biomarkers including neutrophil to lymphocyte ratio (NLR), platelet
to lymphocyte (PLR), monocyte to lymphocyte ratio (MLR), and
lactate dehydrogenase-albumin ratio (LAR). Peripheral blood
biomarkers were collected from 1 week before the initiation of anti-
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PD-1 treatment. The NLR, PLR, MLR, and LAR were calculated as
follows: NLR = absolute neutrophil count (ANC)/absolute lymphocyte
count (ALC), PLR = platelet count/ALC, MLR = absolute monocyte
count (AMC)/ALC, and LAR = lactate dehydrogenase (LDH)/
albumin (Alb).

2.3 Treatment

All patients received first-line anti-PD-1 therapy in
combination with chemotherapy. The PD-1 inhibitors included
pembrolizumab, sintilimab, camrelizumab, and tislelizumab.
Chemotherapy regimens included PP (pemetrexed + cisplatinum/
carboplatin) and TP (paclitaxel + cisplatinum/carboplatin). Anti-
angiogenic agents included bevacizumab and endostar. All patients
received at least two cycles of anti-PD-1 plus chemotherapy.

2.4 Outcomes

The primary outcome was overall survival (OS) and progression-
free survival (PFS). OS was measured from the time of first treatment
with PD-1 inhibitors until death due to any cause. PFS was calculated
from the date of first treatment with PD-1 inhibitors until disease
progression or death by any cause. The secondary outcome was
immunotherapy response, including objective response rate (ORR)
and disease control rate (DCR). ORR was the proportion of complete
response (CR) or partial response (PR). DCR was the proportion of
CR or PR or stable disease (SD). The iRECIST criteria were used to
assess tumor treatment response (18). The evaluation of the efficacy
of tumor treatment was performed independently by two experienced
clinicians. When there were disagreements between two clinicians,
another experienced clinician was invited to participate in the efficacy
assessment. The follow-up was conducted through an electronic
medical record system and telephone. The last follow-up was
conducted in June 2023. The median follow-up time for the overall
population was 24 months.

2.5 Nomogram

Eligible patients at our center were randomly assigned to either
the training cohort (n = 133) or the internal validation cohort (n =
138). The training cohort was used to identify prognostic factors
and construct the nomogram model, while the internal validation
cohort was used to validate the performance of the nomogram
model. Additionally, we included an external validation cohort
consisting of 45 patients from another center. Furthermore, we
utilized the concordance index (C-index), the time-dependent area
under the receiver operating characteristic (ROC) curves (AUCs),
calibration curves, and decision curve analysis (DCA) to assess the
performance of the nomogram model.

2.6 Statistical analysis

Statistical analyses were performed using SPSS software version
25.0 and R version 4.2.1. Quantitative data was presented using the
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median (interquartile range, IQR). Categorical variables were
analyzed by the chi-square test or the Fisher’s exact test, and
numerical variables were analyzed by the Kruskal-Wallis test.
Kaplan-Meier curves and log-rank test were utilized to analyze
OS and PES. Univariate Cox analyses was performed for each
variable, and variables that were statistically significant (P < 0.05)
were included in the multivariate Cox analyses to identify
independent prognostic factors affecting OS and PFS. Univariate
and multivariate logistic regression analyses were used to identify
factors that independently influenced the ORR. The results were
considered statistically significant when the two-sided P-value was
less than 0.05.

3 Results
3.1 Patients’ characteristics

A total of 316 patients with advanced NSCLC who received
anti-PD-1 plus chemotherapy with or without antiangiogenic
therapy were included in this study. Among them, 184 (58.2%)
were younger than 65 years, 266 (84.2%) were men, and 226
(71.5%) had smoking history. The majority of patients (88.0%)
had an ECOG PS of 0-1. According to PD-L1 expression, patients
with low PD-L1 expression (1%-49%) accounted for 24.4%, and
those with high PD-L1 expression (250%) accounted for 15.8%.
There were 271 eligible patients in our hospital, of whom 133 and
138 were randomly assigned to the training cohort and the internal
validation cohort, respectively. We also included 45 patients from
another hospital as an external independent validation cohort. The
baseline clinical characteristics are listed in Table 1. No statistically
significant differences in baseline characteristics were observed in
the different cohorts.

3.2 Efficacy and survival analysis

Of the 316 patients, 12 (3.8%) achieved CR, 111 (35.1%)
achieved PR, 157 (49.7%) had SD, and 36 (11.4%) had PD. The
ORR and DCR were 38.9% and 88.6%, respectively (Table 2). A
total of 174 (55.1%) patients died with a median OS of 18 months
(95% CI, 17-22 months) (Figure 1A). The 1-year, 2-year, and 3-year
OS rates were 65.2%, 40.3%, and 31.2%, respectively. Two hundred
fifty-six patients (81.0%) had disease progression with a median PES
of 8 months (95% CI, 7-9 months) (Figure 1B). The 1-year, 2-year,
and 3-year PFS rates were 32.6%, 17.0%, and 10.3%, respectively.

3.3 Univariate and multivariate Cox
analyses for OS

To determine the effect of different variables on OS, we
performed univariate and multivariate Cox analyses in the
training cohort (Table 3). Univariate Cox analysis showed that
ECOG PS, PD-L1 expression, chemotherapy cycle, and
pretreatment LAR were significantly associated with OS (all P <
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TABLE 1 Baseline characteristics.

Characteristic

All cohorts

Training coho

Internal validation

10.3389/fimmu.2023.1297188

External validation P-

[cases (%)] [cases (%)] [cases (%)] [cases (%)] value
Total 316 133 138 45
Age <65 184 (58.2) 73 (54.9) 81 (58.7) 30 (66.7) 0.585
>65 132 (41.8) 60 (45.1) 57 (41.3) 15 (33.3)
Gender Female 50 (15.8) 16 (12) 25 (18.1) 9 (20.0) 0.463
Male 266 (84.2) 117 (88) 113 (81.9) 36 (80.0)
Smoking history No 90 (28.5) 34 (25.6) 43 (31.2) 13 (28.9) 0.790
Yes 226 (71.5) 99 (74.4) 95 (68.8) 32 (71.1)
ECOG PS 0-1 278 (88.0) 118 (88.7) 117 (84.8) 43 (95.6) 0.279
2 38 (12.0) 15 (11.3) 21 (15.2) 2 (4.4)
Histology Squamous 144 (45.6) 60 (45.1) 66 (47.8) 18 (40.0) 0.429
Adenocarcinoma | 150 (47.5) 62 (46.6) 61 (44.2) 27 (60.0)
Others 22 (7.0) 11 (8.3) 11 (8.0) 0 (0.0)
PD-LI expression Negative 59 (18.7) 25 (18.8) 30 (21.7) 4 (8.9) 0.228
1%-49% 77 (24.4) 32 (24.1) 33 (23.9) 12 (26.7)
>50% 50 (15.8) 18 (13.5) 18 (13.0) 14 (31.1)
Unknown 130 (41.1) 58 (43.6) 57 (41.3) 15 (33.3)
Clinical stage 1IIB-C 22 (7.0) 12 (9.0) 7 (5.1) 3(6.7) 0.498
IVA 217 (68.7) 93 (69.9) 98 (71.0) 26 (57.8)
IVB 77 (24.4) 28 (21.1) 33 (23.9) 16 (35.6)
Brain metastasis No 287 (90.8) 119 (89.5) 128 (92.8) 40 (88.9) 0.775
Yes 29 (9.2) 14 (10.5) 10 (7.2) 5(11.1)
Bone metastasis No 242 (76.6) 119 (89.5) 128 (92.8) 31 (68.9) 0.439
Yes 74 (23.4) 14 (10.5) 10 (7.2) 14 (31.1)
Liver metastasis No 292 (92.4) 124 (93.2) 126 (91.3) 42 (93.3) 0.935
Yes 24 (7.6) 9 (6.8) 12 (8.7) 3(6.7)
Chemotherapy 2-3 58 (18.4) 23 (17.3) 21 (15.2) 14 (31.1) 0.117
cycle
>4 258 (81.6) 110 (82.7) 117 (84.8) 31 (68.9)
Antiangiogenic No 193 (61.1) 87 (65.4) 79 (57.2) 27 (60.0) 0.381
therapy
Yes 123 (38.9) 46 (34.6) 59 (42.8) 18 (40.0)
Pretreatment NLR Median (IQR) 3.1 (1.9, 5.1) 3.0 (1.9, 4.9) 3.2 (1.9, 5.0) 34 (2.2,5.5) 0.520
Pretreatment PLR Median (IQR) 167.2 (118.2, 240.7) 166.5 (121.4, 233.3) 166.6 (119.5, 238.3) 176.2 (107.8, 248.3) 0.993
Pretreatment MLR Median (IQR) 0.34 (0.24, 0.48) 0.31 (0.22, 0.45) 0.35 (0.26, 0.48) 0.38 (0.24, 0.60) 0.213
Pretreatment LAR Median (IQR) 5.6 (4.7, 6.9) 5.3 (4.7, 6.6) 5.7 (4.7, 7.0) 5.5 (4.7, 6.9) 0.837

0.05). The results of multivariate Cox analysis demonstrated that
ECOG PS 2 (HR, 3.807; 95% CI, 2.032-7.134; P < 0.001) and
pretreatment LAR (HR, 1.106; 95% CI, 1.052-1.162; P < 0.001) were
unfavorable independent prognostic factors for OS, while PD-L1
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expression (1%-49%: HR, 0.413; 95% CI, 0.202-0.845; P = 0.015;
>50%: HR, 0.185; 95% CI, 0.062-0.555; P = 0.003) and
chemotherapy cycle 24 (HR, 0.319; 95% CI, 0.167-0.607; P <
0.001) were favorable independent prognostic factors for OS.
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TABLE 2 Evaluation of efficacy.

Parameter N (%)

Overall best response CR 12 (3.8 %)
PR 111 (35.1%)
SD 157 (49.7%)
PD 36 (11.4%)

ORR CR+PR 123 (38.9%)

DCR CR+PR+SD 280 (88.6%)

3.4 Univariate and multivariate Cox
analyses for PFS

Table 4 shows the results of the univariate and multivariate Cox
analyses of PFS in the training cohort. In the univariate Cox
analysis, ECOG PS, histology, PD-L1 expression, chemotherapy
cycle, pretreatment PLR, and pretreatment LAR were significantly
associated with PFS (all P < 0.05). In the multivariate Cox analysis,
PD-LI1 expression (1%-49%: HR, 0.427; 95% CI, 0.225-0.811; P =
0.009; >50%: HR, 0.373; 95% CI, 0.176-0.793; P = 0.010),
adenocarcinoma (HR, 0.589; 95% CI, 0.387-0.896; P = 0.013),
and chemotherapy cycles 24 (HR, 0.229; 95% CI, 0.136-0.285; P
= 0.001) were favorable prognostic factors for PFS. In contrast,
ECOG PS 2 (HR, 3.802; 95% CI, 2.029-7.125; P < 0.001),
pretreatment PLR (HR, 1.003; 95% CI, 1.001-1.004; P = 0.003),
and pretreatment LAR (HR, 1.065; 95% CI, 1.015-1.118; P = 0.011)
were unfavorable prognostic factors for PFS.

3.5 Factors associated with ORR

Multivariate logistic regression results confirmed that PD-L1
expression and pretreatment LAR were independent predictors of
ORR (Table 5). Compared with patients with PD-L1-negative
tumors, ORR was significantly improved in patients with PD-L1
250% (OR, 5.923; 95% CI, 1.459-24.044; P = 0.013). In addition,

10.3389/fimmu.2023.1297188

patients with higher pretreatment LAR had lower ORR (OR, 0.773;
95% CI, 0.612-0.976; P = 0.030).

3.6 Construction of the nomogram

The results of the multivariate Cox analysis of the training
cohort indicated that ECOG PS, PD-L1 expression, chemotherapy
cycle, and pretreatment LAR were independent prognostic factors
affecting OS. Therefore, we incorporated these four factors into the
construction of the nomogram model to predict the 6-month, 12-
month, and 18-month OS (Figure 2A). Moreover, ECOG PS,
histology, PD-L1 expression, chemotherapy cycle, pretreatment
PLR, and pretreatment LAR were independent prognostic factors
affecting PFS. Subsequently, we combined these six factors into the
construction of the nomogram model to predict the 6-month, 12-
month, and 18-month PFS (Figure 2B).

3.7 Validation of the nomogram

The C-indexes of the nomogram model for predicting OS were
0.750 (95% CI, 0.718-0.783) in the training cohort, 0.684 (95% CI,
0.651-0.718) in the internal validation cohort, and 0.880 (95% CI,
0.843-0.917) in the external validation cohort. The AUCs for
predicting the 6-month, 12-month, and 18-month OS were 0.847,
0.791, and 0.776, respectively, in the training cohort (Figure 3A);
0.795, 0.659, and 0.648, respectively, in the internal validation
cohort (Figure 3B); and 0.970, 0.886, and 0.896, respectively, in
the external validation cohort (Figure 3C). The calibration curves
for the 6-month, 12-month, and 18-month OS probabilities showed
a good agreement between predictions and actual observations
(Figures 3D-F). In addition, the DCA curves of the nomogram
model in predicting the 18-month OS showed good net benefits
(Figures 3G-I).

Similarly, the C-indexes of the nomogram model for predicting
PES were 0.747 (95% CI, 0.723-0.771) in the training cohort, 0.665
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Kaplan—Meier analysis for OS (A) and PFS (B) in advanced NSCLC receiving PD-1 inhibitor plus chemotherapy with or without antiangiogenic therapy

in the whole cohort.
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TABLE 3 Univariate and multivariate Cox analyses for overall survival in the training cohort.

Characteristics

Univariate analysis

W GYETTEICIET EIWA

HR (95% CI) P-value HR (95% CI) P-value
Age <65 Reference
>65 1.420 (0.872-2.312) 0.159
Gender Female Reference
Male 1.190 (0.564-2.510) 0.647
Smoking history No Reference
Yes 1.303 (0.749-2.269) 0.349
ECOG PS 0-1 Reference Reference
2 4.146 (2.260-7.606) <0.001 3.807 (2.032-7.134) <0.001
Histology Squamous Reference
Adenocarcinoma 0.632 (0.374-1.066) 0.085
Others 1.537 (0.709-3.332) 0.276
PD-L1 expression Negative Reference Reference
1%-49% 0.507 (0.257-0.999) 0.050 0.413 (0.202-0.845) 0.015
>50% 0.181 (0.061-0.539) 0.002 0.185 (0.062-0.555) 0.003
Unknown 0.581 (0.320-1.054) 0.074 0.602 (0.330-1.098) 0.098
Clinical stage IIB-C Reference
IVA 1.585 (0.569-4.412) 0.378
IVB 2.750 (0.927-8.161) 0.068
Brain metastasis No Reference
Yes 1.705 (0.861-3.375) 0.126
Bone metastasis No Reference
Yes 1.190 (0.667-2.125) 0.555
Liver metastasis No Reference
Yes 1.711 (0.684-4.277) 0.251
Chemotherapy cycle 2-3 Reference Reference
>4 0.359 (0.195-0.659) 0.001 0.319 (0.167-0.607) <0.001
Antiangiogenic therapy No Reference
Yes 0.795 (0.474-1.332) 0.383
Pretreatment NLR 1.025 (0.956-1.099) 0.487
Pretreatment PLR 1.001 (0.999-1.003) 0.149
Pretreatment MLR 2.302 (0.782-6.772) 0.130
Pretreatment LAR 1.115 (1.066-1.166) <0.001 1.106 (1.052-1.162) <0.001

(95% CI, 0.638-0.693) in the internal validation cohort, and 0.758
(95% CI, 0.716-0.800) in the external validation cohort. The AUCs
for predicting the 6-month, 12-month, and 18-month OS were
0.810, 0.787, and 0.861, respectively, in the training cohort
(Figure 4A); 0.706, 0.699, and 0.658, respectively, in the internal
validation cohort (Figure 4B); and 0.834, 0.833, and 0.750,
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respectively, in the external validation cohort (Figure 4C). The
calibration curves for the 6-month, 12-month, and 18-month OS
probabilities showed a good agreement between predictions and
actual observations (Figures 4D-F). In addition, the DCA curves of
the nomogram model in predicting the 18-month OS showed good
net benefits (Figures 4G-I).
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TABLE 4 Univariate and multivariate Cox analyses for progression-free survival in the training cohort.

Characteristics

Univariate analysis

W GYETTEICIET EIWA

HR (95% CI) P-value HR (95% CI) P-value
Age <65 Reference
265 1.077 (0.729-1.591) 0.708
Gender Female Reference
Male 1.008 (0.563-1.806) 0.978
Smoking history No Reference
Yes 1.330 (0.846-2.092) 0.217
ECOG PS 0-1 Reference Reference
2 3.147 (1.779-5.568) <0.001 3.802 (2.029-7.125) <0.001
Histology Squamous Reference Reference
Adenocarcinoma 0.618 (0.410-0.931) 0.021 0.589 (0.387-0.896) 0.013
Others 0.819 (0.388-1.730) 0.601 0.823 (0.355-1.908) 0.650
PD-L1 expression Negative Reference Reference
1%-49% 0.489 (0.269-0.888) 0.019 0.427 (0.225-0.811) 0.009
>50% 0.351 (0.169-0.728) 0.005 0.373 (0.176-0.793) 0.010
Unknown 0.744 (0.447-1.238) 0.255 0.815 (0.482-1.337) 0.444
Clinical stage IIB-C Reference
IVA 1.287 (0.620-2.672) 0.498
IVB 1.426 (0.627-3.241) 0.397
Brain metastasis No Reference
Yes 1.246 (0.681-2.279) 0.475
Bone metastasis No Reference
Yes 0.801 (0.475-1.351) 0.406
Liver metastasis No Reference
Yes 1.632 (0.755-3.529) 0.213
Chemotherapy cycle 2-3 Reference Reference
>4 0.313 (0.193-0.509) <0.001 0.229 (0.136-0.285) 0.001
Antiangiogenic therapy No Reference
Yes 0.783 (0.519-1.183) 0.245
Pretreatment NLR 1.049 (0.995-1.106) 0.079
Pretreatment PLR 1.002 (1.000-1.004) 0.016 1.003 (1.001-1.004) 0.003
Pretreatment MLR 2.056 (0.856-4.940) 0.107
Pretreatment LAR 1.076 (1.031-1.124) 0.001 1.065 (1.015-1.118) 0.011

4 Discussion

The efficacy of anti-PD-1 monotherapy is limited in the setting
of NSCLC. Consequently, combination treatment has received
widespread attention. Preclinical studies have confirmed that anti-
PD-1 plus chemotherapy can achieve interactive synergistic effects.
Furthermore, multiple clinical studies have demonstrated
improvement in patients’ prognosis with the use of anti-PD-1
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plus chemotherapy (19, 20). In our study, patients who received
anti-PD-1 plus chemotherapy with or without antiangiogenic
therapy had a median OS and PFS of 19 months and 8 months,
respectively, with an ORR of 38.9%, suggesting that this
combination therapy has a favorable clinical benefit. However, the
selection of the best population is still challenging. Therefore, our
study included advanced NSCLC patients from two independent
centers. The results suggested that ECOG PS, PD-L1 expression,
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TABLE 5 Univariate and multivariate logistic regression for ORR.

Characteristics

Univariate analysis

10.3389/fimmu.2023.1297188

Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value
Age <65 Reference
>65 0.713 (0.356-1.428) 0.340
Gender Female Reference
Male 0.721 (0.253-2.052) 0.539
Smoking history No Reference
Yes 0.795 (0.363-1.740) 0.566
ECOG PS 0-1 Reference
2 0.296 (0.079-1.105) 0.070
Histology Squamous Reference
Adenocarcinoma 1.406 (0.686-2.882) 0.353
Others 0.563 (0.135-2.336) 0.428
PD-L1 expression Negative Reference Reference
1%-49% 2.269 (0.744-6.922) 0.150 2.372 (0.724-7.769) 0.154
>50% 6.686 (1.731-25.823) 0.006 5.923 (1.459-24.044) 0.013
Unknown 1.571 (0.566-4.365) 0.386 1.405 (0.484-4.078) 0.532
Clinical stage IIIB-C Reference
IVA 0.1875 (0.528-6.658) 0.331
IVB 0.800 (0.187-3.423) 0.764
Brain metastasis No Reference
Yes 1.380 (0.455-4.184) 0.569
Bone metastasis No Reference
Yes 1.028 (0.432-2.447) 0.950
Liver metastasis No Reference
Yes 0.358 (0.072-1.795) 0.212
Chemotherapy cycles 2-3 Reference Reference
>4 3.228 (1.119-9.308) 0.030 2.987 (0.974-9.156) 0.056
Antiangiogenic therapy No Reference
Yes 1.040 (0.505-2.139) 0.916
Pretreatment NLR 0.960 (0.848-1.087) 0.523
Pretreatment PLR 0.998 (0.995-1.001) 0.305
Pretreatment MLR 0.671 (0.121-3.725) 0.648
Pretreatment LAR 0.762 (0.615-0.945) 0.013 0.773 (0.612-0.976) 0.030

chemotherapy cycle, and pretreatment LAR were independent
prognostic factors for OS, while ECOG PS, histology, PD-L1
expression, chemotherapy cycle, pretreatment PLR, and
pretreatment LAR were independent prognostic factors for PFS.
Then, a novel nomogram was constructed based on these factors to
predict OS and PES. So far, there is no valid and reliable predicted
model to predict the prognosis of advanced NSCLC receiving anti-
PD-1 plus chemotherapy with or without antiangiogenic therapy.
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The nomogram models in our study were evaluated and validated to
have good predictive performance.

Pretreatment LAR, a novel hematological marker, is derived
from the combination of serum LDH and Alb levels. LAR was found
to be associated with survival in many malignancies and may be an
independent poor prognostic factor (21, 22). Currently, there are
few reports on the value of pretreatment LAR in advanced NSCLC.
Our previous study found that pretreatment LAR was significantly
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FIGURE 2

The construction of the nomogram. The nomogram for predicting the 6-month, 12-month, and 18-month OS (A). The nomogram for predicting the

6-month, 12-month, and 18-month PFS (B)

associated with survival for advanced EGFR-mutated NSCLC (23).
In this study, we also demonstrated that pretreatment LAR was an
independent prognostic factor affecting OS, PFS, and ORR in
advanced NSCLC patients who received anti-PD-1 plus
chemotherapy with or without antiangiogenic therapy. LDH is an
enzyme that plays a role in glycolysis, converting pyruvate into
lactate. Serum LDH reflects the degree of tumor load and hypoxia
(24). The increase in tumor volume leads to increased tumor cell
load and hypoxia, which subsequently enhances glycolytic
metabolism and results in an elevation of LDH levels (25, 26).
High LDH levels may lead to lactate production and acidification of
the extracellular environment, thereby inhibiting the antitumor
immune response (27). Clinical studies have demonstrated that
patients with high LDH do not respond well to immunotherapy
(28). Serum Alb reflects the nutritional status of tumor patients.
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Poor nutritional status is usually correlated with worse survival. A
retrospective study included NSCLC patients who were treated with
PD-1 inhibitors and showed that patients with high Alb (=3.5 g/dl)
had better ORR, PFS, and OS (29). A possible explanation is that
patients with poor nutritional status have a poorly functioning
immune system that does not activate immune cells to kill tumor
cells. LAR comprehensively reflects the nutritional status and
systemic inflammation by integrating serum LDH and Alb, which
might be promising hematological biomarkers for advanced
NSCLC receiving PD-1 inhibition plus chemotherapy with or
without antiangiogenic therapy.

In addition, PLR is another common hematologic marker
reflecting the platelet to lymphocyte ratio, which is an important
component of the systemic inflammatory response. Studies have
confirmed that PLR was associated with the efficacy of
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FIGURE 3

The evaluation of the nomogram for predicting OS. The area under the time-dependent receiver operating characteristic curves for predicting the
6-month, 12-month, and 18-month OS in the training cohort (A), the internal validation cohort (B), and the external validation cohort (C). Calibration
curves for predicting the 6-month, 12-month, and 24-month OS in the training cohort (D), the internal validation cohort (E), and the external
validation cohort (F). Decision curve for predicting the 18-month OS in the training cohort (G), the internal validation cohort (H), and the external

validation cohort (I)

immunotherapy in multiple solid tumors (30, 31). A retrospective
study showed that PLR >200 was related to worse OS (HR, 1.94;
95% CI, 1.29-2.94; P = 0.002) and PFS (HR, 1.894; 95% CI, 1.27-
2.82; P = 0.002) (31). Russo et al. also found that patients had
shorter PFS in the high PLR group (30). Similar to their results, our
study demonstrated that pretreatment PLR was a poor prognostic
factor, and patients with high PLR had poor PES. Therefore,
pretreatment PLR may also serve as a significant biomarker for
advanced NSCLC patients undergoing PD-1 inhibition combined
with chemotherapy, regardless of antiangiogenic therapy.

PD-L1 expression is currently the most widely reliable clinical
predictor of response to ICIs. Several clinical trials have confirmed
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that a higher level of PD-L1 expression was associated with a more
substantial benefit from ICIs (7-9). The KEYNOTE-042 study
compared pembrolizumab with chemotherapy for advanced
NSCLC. The results showed that OS was significantly longer in the
pembrolizumab group than in the chemotherapy group and patients
with higher PD-L1 expression had a lower risk of death (8). In our
study, PD-L1 expression was an important prognostic indicator as
well, and the benefit was particularly significant for patients with PD-
L1 expression >50%. Nevertheless, PD-L1 expression also has some
inherent flaws and does not fully predict the efficacy of
immunotherapy accurately (32, 33). Therefore, it is necessary to
combine multiple markers that might improve predictive accuracy.
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The evaluation of the nomogram for predicting PFS. The area under the time-dependent receiver operating characteristic curves for predicting the
6-month, 12-month, and 18-month PFS in the training cohort (A), the internal validation cohort (B), and the external validation cohort (C).
Calibration curves for predicting the 6-month, 12-month, and 24-month PFS in the training cohort (D), the internal validation cohort (E), and the
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ECOG PS is also an important prognostic factor. A meta-
analysis that included 67 studies evaluated the efficacy and safety
of ICIs in patients with ECOG PS >2. The results showed that
ECOG PS predicted not only the prognosis but also the response to
ICIs (34). In addition, a large study included 1,426 patients with
advanced NSCLC and confirmed that patients with an ECOG PS of
2 had a lower median OS (35). In our study, the multivariate
analysis result similarly suggested that ECOG PS was an
independent prognostic factor for OS and PFS. The number of
chemotherapy cycle is an essential factor affecting prognosis as well.
Our study revealed a significant prolongation of OS and PFS in
patients who received four or more cycles of chemotherapy.

Frontiers in Immunology

11

Therefore, we recommend at least four cycles of platinum-based
chemotherapy if the patient can tolerate it.

The nomogram is a convenient and reliable predictive tool (36).
More studies focus on creating a nomogram to predict the prognosis
of NSCLC patients receiving PD-1/PD-L1 monotherapy. For
example, Yuan et al. established a nomogram for predicting
treatment response and prognosis in NSCLC patients who were
treated with anti-PD-1 (37). Moreover, Botticelli et al. also established
a prognostic nomogram based on three factors (liver and lung
metastases and ECOG PS) for predicting survival in NSCLC
patients undergoing nivolumab (38). However, to date, no studies
have constructed nomogram models to accurately predict the
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prognosis of patients with advanced NSCLC receiving PD-1 antibody
plus chemotherapy with or without antiangiogenic therapy. To the
best of our knowledge, our study was the first to build a nomogram
model based on clinical characteristics and hematological markers to
predict survival. This nomogram model has been evaluated and
validated to have good predictive ability, which is worthy to be
promoted in the clinic and may help physicians to make clinical
treatment decisions.

Our study also has some limitations. Firstly, our study is a
retrospective study with some unavoidable bias. Secondly, our
study has a proportion of patients with missing PD-L1 expression
data, which may affect the predictive value of the study population.
Finally, the data were obtained from two independent medical centers
in the same city, and the sample size of external validation in this
study was limited. Therefore, further large sample size, prospective,
multicenter studies are needed to validate our model in the future.

5 Conclusion

Our study built a novel nomogram, which was validated to
accurately predict the prognosis of advanced NSCLC after receiving
anti-PD-1 plus chemotherapy with or without antiangiogenic
therapy. The nomogram has been validated and is worth
promoting in the clinical setting.
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