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Background: Currently, there is a lack of well-established markers to predict the efficacy of chemoimmunotherapy in small-cell lung cancer 
(SCLC). Neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), advanced lung cancer inflammation index (ALI) and 
prognostic nutritional index (PNI) are associated with prognosis in several tumors, whereas their predictive role in SCLC remains unclear.
Methods: A retrospective study was conducted at Sun Yat-sen University Cancer Center, involving extensive-stage SCLC (ES-SCLC) 
patients who received first-line chemoimmunotherapy between January 2020 and December 2021. Peripheral blood biomarkers were 
extracted from medical records and their correlation with prognosis and immune-related adverse events (IRAEs) was analyzed.
Results: A total of 114 patients were included. Patients with a low PLR, high ALI and high PNI had prolonged progression-free 
survival (PFS) compared to those with a high PLR, low ALI and low PNI. Patients with a low NLR, low PLR, high ALI and high PNI 
had prolonged overall survival (OS) compared to those with a high NLR, high PLR, low ALI and low PNI. Cox regression model 
showed that PNI was an independent risk factor for both PFS and OS. ROC curve showed that PNI outperforms NLR, PLR and ALI in 
predicting both PFS and OS. The PNI-based nomogram demonstrated strong predictive capability for both PFS and OS. In addition, 
there was a significant correlation between PNI and IRAEs.
Conclusion: A high baseline PNI might be associated with improved prognosis and the occurrence of IRAEs in ES-SCLC patients 
treated with first-line chemoimmunotherapy.
Keywords: peripheral blood markers, predictive ability, chemoimmunotherapy, small-cell lung cancer, immune-related adverse events

Introduction
Lung cancer is a highly prevalent and lethal malignancy worldwide. Among its histological subtypes, small-cell lung 
cancer (SCLC) accounts for approximately 14% of all lung cancer cases.1 SCLC is characterized by its remarkable 
aggressiveness, rapid growth and propensity for metastasis, and a majority of patients already have local or distant 
metastases at diagnosis.2

For extensive-stage small-cell lung cancer (ES-SCLC) patients, systemic therapy plays a pivotal role in treatment, and 
platinum-based combination chemotherapy has been regarded as the standard approach over the past three decades.3,4 

However, its overall efficacy is modest, with a median overall survival (mOS) ranging from 8 to 13 months.5,6
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In recent years, there has been a growing trend in using immunotherapy in the treatment of ES-SCLC.7 A clinical trial 
conducted on SCLC patients, IMpower133,8 found that combining chemotherapy with immunotherapy (atezolizumab) 
significantly improved mOS compared with chemotherapy alone (12.3 months vs 10.3 months, HR = 0.70, 95% CI 0.54 
to 0.91; P=0.007). Another clinical trial on SCLC, CASPIAN,9 also showed that adding immunotherapy (durvalumab) to 
chemotherapy significantly improved mOS (13 months vs 10.3 months, HR = 0.73, 95% CI 0.59 to 0.91; p=0.0047). 
Therefore, chemotherapy plus immunotherapy has become a better first-line treatment option for ES-SCLC.10

However, the efficacy benefit of adding immune checkpoint inhibitors to chemotherapy is still not satisfactory in ES- 
SCLC, and it may lead to various immune-related adverse events (IRAEs) in some patients.11,12 Therefore, it is an urgent 
clinical challenge to identify potential beneficiaries in order to enhance clinical efficacy and manage IRAEs.

Exploring the predictive biomarkers for the efficacy of immunotherapy has been a prominent research focus. Several 
studies have investigated the efficacy biomarkers of chemoimmunotherapy in ES-SCLC, but the results have been less 
than satisfactory.13 And there remains a lack of well-established marker to predict the efficacy of chemoimmunotherapy 
in ES-SCLC patients currently.14,15

Studies have demonstrated a close association between inflammation and cancer, as it modulates the immune 
microenvironment and triggers the activation of carcinogenic signaling pathways that facilitate the proliferation and 
metastasis of cancer cells.16,17 The prognostic value of some peripheral blood biomarkers associated with inflammation 
has been studied. The neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), advanced lung cancer 
inflammation index (ALI), and prognostic nutritional index (PNI) are some of the blood-based markers that have been 
extensively studied in this regard. NLR is calculated by dividing the absolute neutrophil count by the absolute 
lymphocyte count,18 while PLR is calculated by dividing the platelet count by the lymphocyte count.19 ALI is derived 
from NLR and albumin levels,20 and PNI is calculated based on albumin and lymphocyte counts.21 These markers reflect 
the balance between inflammation and immune response, as well as the nutritional and overall health status of the patient. 
Studies have shown that high NLR and PLR, as well as low ALI and PNI are associated with poor clinical outcomes and 
reduced response to immunotherapy in various cancers.18–21 However, no studies have explored the association between 
these markers with the efficacy of first-line chemotherapy plus immunotherapy for ES-SCLC.

Therefore, this study retrospectively collected data on NLR, PLR, ALI, and PNI at baseline in ES-SCLC patients 
treated with first-line chemoimmunotherapy, and analyze the correlation between these markers and patients’ outcomes. 
The objective was to identify a promising marker for predicting efficacy in ES- SCLC patients treated with first-line 
chemoimmunotherapy.

Materials and Methods
Study Design and Patient Population
All patients with histologically confirmed ES-SCLC at Sun Yat-sen University Cancer Center from January 1, 2020 to 
December 30, 2020 were retrospectively enrolled. The patients exhibited measurable lesions according to the Response 
Evaluation Criteria in Solid Tumors, version1.1 (RECIST v1.1)22 and their major organ functions were within normal range. 
Patients were treated with etoposide plus platinum plus PD-L1 inhibitors, specifically atezolizumab (N=48) and durvalumab 
(N=66). (Figure S1)

Evaluation of Baseline NLR, PLR, ALI and PNI Score
NLR was calculated as the ratio of absolute neutrophil count to absolute lymphocyte count. PLR was calculated as the ratio of 
absolute platelet count to absolute lymphocyte count. ALI was calculated as Body Mass Index × serum albumin (g/L) × 0.1 /NLR. 
And PNI was calculated as serum albumin(g/L) +5 × absolute lymphocyte count. The cut-off values utilized in this study were 
adopted from previous literature, which were 5 for NLR,23,24 185 for PLR,25 18 for ALI,20 and 45 for PNI.26,27

Efficacy Assessments and Evaluation of Adverse Events
Treatment efficacy was evaluated by two oncologists using the RECIST v1.1. Physical examinations, hematologic and 
biochemical tests were conducted at baseline and after every 3–4 weeks (within a week before each chemoimmunotherapy 
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session), and tumors were assessed using contrast-enhanced computed tomography scans of the chest and upper abdomen, as 
well as contrast-enhanced magnetic resonance imaging scans of the brain at baseline and after every second cycle of treatment 
(6–8 weeks). Treatment toxicity was evaluated by two independent medical professionals according to the Common 
Terminology Criteria for Adverse Events (CTCAE) version 4.03.28

Statistical Analysis
The descriptive statistics were used to summarize all variables. Categorical variables were analyzed using appropriate 
statistical tests such as Chi-square or Fisher’s exact test. Survival data were estimated using Kaplan-Meier curves and 
compared using a Log rank test. The risk of disease progression and death was evaluated using Cox proportional hazards 
regression model, and the hazard ratio (HR) and 95% confidence interval (CI) were calculated. Univariate and multi-
variate Cox proportional hazards regression analyses were conducted to assess the prognostic value for progression-free 
survival (PFS) and overall survival (OS). The analysis of ROC and AUC curves was performed using the timeROC 
package, while the ggplot2 package was used for visualizing the results. The development of nomogram and the 
calibration curve analysis was performed using the survival package, while the rms package was used for visualizing 
the results.

Statistical analysis was performed with SPSS (version 25), GraphPad Prism (version 7) and R software (version 4.0). 
A two-sided p-value of < 0.05 was considered statistically significant. The last follow-up date was July 30, 2023.

Results
Baseline Characteristics
A total of 114 patients with histologically confirmed ES-SCLC were treated with first-line chemoimmunotherapy from 
January 2020 to December 2021. The median age of enrolled patients was 62 years, and most patients were male (102/ 
114, 89.5%). 82 patients had a history of smoking (71.9%), and 88 patients had extrathoracic metastases at baseline 
(77.2%). In addition, patients were stratified according to the cut-off values of NLR, PLR, ALI, and PNI reported in the 
previous literature respectively. The baseline characteristics of the patients are summarized in Table 1.

Table 1 Baseline Characteristics for Small-Cell Lung Cancer 
Patients

Characteristics Cases (No.) Percentage (%)

Total 114 100
Sex

Female 12 10.5

Male 102 89.5
Age (years)

<60 44 38.6

≥60 70 61.4
Smoking history

Non-smoker 32 28.1

Smoker 82 71.9
ECOG PS

0 13 11.4

1 46 40.4
2 55 48.2

Extrathoracic metastases
Yes 88 77.2
No 26 22.8

(Continued)
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Association Between Peripheral Blood Markers and Progression-Free Survival
The association between peripheral blood markers and PFS in SCLC patients was analyzed. As shown in Figure 1, 
Patients with low PLR had prolonged PFS compared to those with high PLR (7.5 months vs 6.5 months, HR=0.66, 95% 
CI 0.36–1.18, p=0.031). Patients with high ALI had prolonged PFS compared to those with low ALI (7 months vs 5.4 
months, HR=0.46, 95% CI 0.25–0.85, p=0.014). And patients with high PNI had prolonged PFS compared to those with 
low PNI (8.2 months vs 5.4 months, HR=0.36, 95% CI 0.23–0.55, p<0.001). However, there was no statistically 
significant difference in PFS between high NLR group and low NLR group (p=0.162).

The Cox regression analysis incorporated various factors including sex, age, smoking status, ECOG PS, extrathoracic 
metastases, pleura metastases, lung metastases, liver metastases, adrenal gland metastases, bone metastases, brain 
metastases, NLR, PLR, ALI and PNI. Both univariate and multivariate analysis showed that extrathoracic metastases 
and PNI were independent prognostic factors for PFS (Table S1).

Association Between Peripheral Blood Markers and Overall Survival
In terms of the association between peripheral blood markers and OS, it was found that compared with a high NLR, high 
PLR, low ALI and low PNI, a low NLR (17.7 months vs 14.1 months, HR=0.51, 95% CI 0.27–0.95, p=0.035), low PLR 
(19.5 months vs 14.1 months, HR=0.59, 95% CI 0.35–0.98, p=0.041), high ALI (18.5 months vs 14 months, HR=0.28, 
95% CI 0.14–0.57, p<0.001) and high PNI (25 months vs 11.1 months, HR=0.29, 95% CI 0.18–0.47, p<0.001) indicated 
improved OS outcomes in ES-SCLC patients (Figure 2).

Cox regression analysis included factors including sex, age, smoking status, ECOG PS, extrathoracic metastases, 
pleura metastases, lung metastases, liver metastases, adrenal gland metastases, bone metastases, brain metastases, NLR, 
PLR, ALI and PNI. Both univariate and multivariate analysis showed that ECOG PS, liver metastases and PNI were 
independent prognostic factors for OS (Table S2).

Table 1 (Continued). 

Characteristics Cases (No.) Percentage (%)

Metastatic sites
Pleura 46 40.4
Lung 24 21.1

Liver 41 36

Adrenal gland 13 11.4
Bone 49 43

Brain 31 27.2

NLR
<5 98 86

≥5 16 14

PLR
<185 76 66.7

≥185 38 33.3

ALI
<18 14 12.3

≥18 100 87.7

PNI
<45 44 38.6

≥45 70 61.4

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance 
status; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; 
ALI, advanced lung cancer inflammation index; PNI, prognostic nutrition index.
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Subgroup Analysis
In subgroup analysis based on baseline characteristics, PFS favored high PNI over low PNI in most subgroups 
(Figure S2A), whereas the benefit was not statistically significant in female patients, patients without extrathoracic 
metastases or patients with adrenal gland metastases. Similarly, OS favored high PNI over low PNI in most 
subgroups (Figure S2B), whereas the benefit was not statistically significant in patients without extrathoracic 
metastases or patients with adrenal gland metastases.

Receiver Operating Characteristic Curve Analysis
Receiver operating characteristic (ROC) curve analysis was performed to evaluate the predictive values of peripheral blood 
markers for prognosis. The results indicated that PNI outperformed NLR, PLR and ALI in predicting 6-month PFS with an 
area under the curve (AUC) of 0.658 and 12-month PFS with an AUC of 0.778 (Figure 3A and B). Furthermore, PNI was 
superior to NLR, PLR, and ALI in predicting 1-year OS with an AUC of 0.771 and 2-year OS with an AUC of 0.756. 
(Figure 3C and D)

Time-dependent AUC curves were generated to further compare the predictive accuracy of multiple peripheral blood 
markers for PFS and OS. As a result, PNI outperformed NLR, PLR and ALI in predicting PFS (Figure 3E) and OS 
(Figure 3F) throughout the entire observation period.

Figure 1 Kaplan-Meier analysis of progression-free survival. (A) PFS curves of patients stratified according to NLR. (B) PFS curves of patients stratified according to PLR. 
(C) PFS curves of patients stratified according to ALI. (D) PFS curves of patients stratified according to PNI.
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Nomogram
To better predict the clinical outcomes of ES-SCLC patients, nomograms based on the results of Cox regression analysis 
were developed. The nomogram in Figure 4A, incorporating PNI and extrathoracic metastasis, could be used to predict 
PFS. And the calibration curve of the nomogram showed there was good agreement between the predicted and observed 
PFS probabilitied at 6 and 12 months (Figure 4B). Furthermore, the nomogram in Figure 4C, incorporating ECOG, PNI, 
and liver metastases, could be used to predict OS. And the calibration curve of the nomogram showed good agreement 
between the predicted and observed OS probabilitied at 1 and 2 years (Figure 4D).

Immune-Related Adverse Events
Of all patients, 53 patients (46.5%) experienced 5 different IRAEs of any grade, and none experienced high-grade 
IRAEs. The most common IRAE (any grade) was hypothyroidism (31/114, 27.2%). Other observed IRAEs included 
pneumonitis (10/114, 8.8%), increased aminotransferase (10/114, 8.8%), rash (8/114, 7.0%) and pruritus (6/114, 
5.3%). The median PFS of 53 patients with IRAEs was significantly longer than that of 61 patients without irAEs 
(8.2 months vs 5.6 months; HR=0.36, 95% CI 0.24–0.56; P<0.001) (Figure S3A). Similarly, patients with irAEs had 
a better median OS than those without irAEs. (19.8 months vs 14.1 months; HR=0.52, 95% CI 0.32–0.86; P=0.010) 
(Figure S3B).

IREAs were present in 41 (53.9%) patients in the low PLR group and 39 (55.7%) in the high PNI group, respectively. 
Univariate analysis revealed a significant association between low PLR (p=0.026) or high PNI (p=0.014) and the 

Figure 2 Kaplan-Meier analysis of overall survival. (A) OS curves of patients stratified according to NLR. (B) OS curves of patients stratified according to PLR. (C) OS 
curves of patients stratified according to ALI. (D) OS curves of patients stratified according to PNI.
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Figure 3 Predictive abilities of multiple peripheral blood markers for progression-free survival and overall survival. (A and B) ROC curve analysis was performed to assess 
the sensitivity and specificity of peripheral blood markers for predicting PFS at 6 months and 12 months. (C and D) ROC curve analysis was performed to assess the 
sensitivity and specificity of peripheral blood markers for predicting OS at 1 year and 2 years. (E and F) Time-dependent AUC curves were generated to evaluate the 
predictive ability of peripheral blood markers for both PFS and OS throughout the observation period.
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occurrence of IRAEs of any grade. Furthermore, multivariate logistic regression analysis indicated that high PNI 
(p= 0.042) independently predicted the onset of IRAEs (Table 2). Besides, the median PNI of patients with IRAEs 
was significantly higher compared to those without IRAEs (48.85 vs 45.15, p<0.001) (Figure S4 and Table S3).

Figure 4 Predictive Nomogram for Patient Prognosis. (A) Nomogram for predicting the PFS of SCLC patients. (B) The calibration curve for predicting patient PFS at 6 
months and 12 months. (C) Nomogram for predicting the OS of SCLC patients. (D) The calibration curve for predicting patient OS at 1 year and 2 years.

Table 2 Peripheral Blood Markers and Immune-Related Adverse Events

Blood Parameter IRAEs, n (%) Univariate Multivariate

OR (95% CI) p value OR (95% CI) p value

NLR<5 47 (48.0%) 1.54 (0.52–4.55) 0.439

NLR≥5 6 (37.5%) 1
PLR<185 41 (53.9%) 2.54 (1.12–5.76) 0.026
PLR≥185 12 (31.6%) 1

ALI≥18 49 (49.0%) 2.40 (0.71–8.17) 0.161
ALI<18 4 (28.6%) 1

PNI≥45 39 (55.7%) 2.70 (1.22–5.94) 0.014 2.33 (1.03–5.25) 0.042
PNI<45 14 (31.8%) 1

Note: Statistically significant values are in bold. 
Abbreviations: IRAEs, Immune-related adverse events; OR, odds ratio; CI, confidence interval; NLR: neutrophil-to- 
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ALI, advanced lung cancer inflammation index; PNI, prognostic 
nutrition index.
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Discussion
To the best of our knowledge, this is the first study to investigate the role of peripheral markers in the prognosis of ES- 
SCLC patients receiving chemotherapy plus immunotherapy. By comparing NLR, PLR, ALI and PNI, we found for the 
first time that baseline PNI showed a prominent predictive ability for prognosis in ES-SCLC patients undergoing 
chemotherapy plus immunotherapy. Furthermore, we developed a PNI-based nomogram that can effectively predict 
the prognosis of these patients. In addition, it was observed that SCLC patients with a high PNI were more likely to 
experience IRAEs, and the high incidence of IRAEs was associated with improved PFS and OS in these patients.

The expression level of PD-L1 in tumor tissue has been utilized as a biomarker to assist clinicians in deciding whether 
to choose immunotherapy in non-small-cell lung cancer.29 However, current clinical trial findings do not support the use 
of PD-L1 as a predictor of immunotherapy efficacy in SCLC. In IMpower133, there was no significant correlation 
observed between PD-L1 expression level and long-term survival benefits from immunotherapy.30 And similar conclu-
sions were drawn from KEYNOTE-604 and CASPIAN.9,31

SCLC is typically characterized by high tumor mutational burden (TMB),32 however the predictive role of TMB in 
immunotherapy efficacy for SCLC patients remains controversial. The CheckMate 032 trial evaluated the efficacy of 
nivolumab in SCLC patients and observed that those with a high TMB had significantly prolonged PFS and OS.33 

However, it was found that TMB level were not associated with the efficacy of atezolizumab in SCLC patients in the 
IMpower133 trial.30 Therefore, whether TMB could be used as a biomarker to predict the efficacy of immunotherapy in 
SCLC needs to be verified by further clinical trials.

In addition to tumor tissue biomarkers, there has been growing interest in identifying blood-based biomarkers that can predict 
the efficacy of immunotherapy in solid tumors. In numerous studies, it has been suggested that NLR,18 PLR,19 ALI34,35 and PNI26 

are closely associated with the prognosis of patients with cancer undergoing immunotherapy. However, our study showed that 
NLR did not serve as a reliable predictor of PFS in patients with SCLC receiving immunotherapy (Figure 1A), and its ability to 
predict OS was only moderate (Figure 2A). As for PLR, ALI and PNI, these three variables showed statistically significant 
predictive capacity for PFS and OS in Kaplan-Maier analysis. However, when multivariate analysis was performed, only PNI 
remained an independent prognostic factor for SCLC patients (Table S1 and Table S2). In addition, PNI, rather than NLR, PLR 
and ALI, could significantly predict the prognosis (both PFS and OS) of SCLC patients even when the cutoff value was set at the 
median (Figure S5). Therefore, PNI is superior to NLR, PLR, and ALI in predicting prognosis of SCLC patients receiving 
immunotherapy.

While immunotherapy brings survival benefits to ES-SCLC patients, it is inevitably accompanied by various IRAEs, 
which may result in treatment interruption and even more serious harm.36,37 Therefore, it is important to search for potential 
indicators that can predict IRAEs. However, no reliable predictor of IRAEs in SCLC has been identified so far.36,37 Previous 
studies have reported an association between PNI and the occurrence of IRAEs in non-small cell lung cancer,38 and our 
findings suggested a similar association between a high PNI and the occurrence of IRAEs in SCLC. Interestingly, it was also 
observed that patients who experienced concurrent IRAEs had a favorable prognosis. This phenomenon has been documented 
in other cancer types undergoing immunotherapy.39,40 The mechanism might be associated with the heightened PNI, 
indicating an active immune system, which could potentially trigger an exaggerated response upon immunotherapy- 
induced immune system activation. As a result, an active immune system leaded to a higher incidence of adverse events on 
the one hand, and a better prognosis on the other hand.

Based on the findings of this study, we cautiously make the following recommendations to clinicians: For ES-SCLC patients 
with PNI≥45, chemotherapy plus immunotherapy is preferred as the first-line treatment in order to achieve optimal survival 
outcomes. However, special attention should be paid to the monitoring of potential IRAEs throughout the treatment course, as 
these patients have a relatively high incidence of IRAEs. For patients with PNI<45, although the benefit of adding a PD-L1 
inhibitor to chemotherapy may not be as pronounced as in patients with PNI≥45, and even the median OS (in patients with 
PNI<45 receiving chemotherapy plus immunotherapy) is similar to what has been reported in previous studies of extensive-stage 
SCLC patients who received chemotherapy alone. However, there is no evidence to directly suggest that chemotherapy plus 
immunotherapy is not superior to chemotherapy in these patients. Therefore, the preferred first-line treatment option is still 
chemotherapy plus immunotherapy, while chemotherapy alone can be considered as an alternative regimen for patients who have 
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economic constraints. Meanwhile, it is important to closely monitor the response to treatment in order to detect resistance early 
and make adjustments to regimen, as these patients tend to experience disease progression relatively early.

The study also had several limitations that need to be acknowledged. Firstly, it was a retrospective study conducted at 
a single center, which may have introduced some biases in data analysis. Secondly, PD-L1 inhibitors were approved for the 
treatment of ES-SCLC in approximately 2020, considering sufficient survival data to be collected, our study only included 
patients diagnosed in 2020–2021. As a result, the sample size was relatively small. Therefore, it is still necessary to validate 
our findings in prospective studies with larger sample sizes. Thirdly, comorbidities commonly associated with ES-SCLC, such 
as cachexia, malnutrition, and infection, could induce alterations in peripheral blood markers. Consequently, the treatment 
outcome of these patients could be significantly influenced by changes in peripheral blood markers. Given the intricate 
interplay among these factors, we failed to have a clear elucidation of the specific mechanism. Finally, due to the limited 
number of cases associated with each specific type of IRAEs, we did not extensively differentiate the correlation between the 
five IRAEs and peripheral blood markers, nor did we analyze the temporal relationship between the timing of IRAE 
occurrence and peripheral blood markers, which could be the direction of future research.

Despite the aforementioned limitations, PNI could serve as a cost-effective, non-invasive, user-friendly, and easily 
interpretable test method. Furthermore, it holds potential in predicting patient prognosis and IRAEs, aiding clinicians in 
making better clinical treatment decisions.

Conclusion
A high baseline PNI might be associated with improved prognosis and the occurrence of IRAEs in ES-SCLC patients 
treated with first-line chemoimmunotherapy. The findings of this study could serve as a valuable reference for identifying 
ES-SCLC patients who could benefit from immunotherapy. Moreover, it is anticipated that these results would provide 
valuable insights for future prospective studies in this area.
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