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Pretreatment systemic inflammation response index (SIRI) is an 
independent predictor of survival in unresectable stage III non-
small cell lung cancer treated with chemoradiotherapy: a two-
center retrospective study
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Background: Circulating immune cells influence the efficacy of cancer therapy. This study aimed to 
investigate the prognostic values of different peripheral blood leukocyte (PBL) biomarkers in non-small lung 
cancer (NSCLC) patients treated with chemoradiotherapy.
Methods: An independent cohort of 176 stage III NSCLC patients who were diagnosed at Shanghai 
Pulmonary Hospital and Zhejiang Cancer Hospital between April, 2010, and September, 2018, and had 
available pretreatment peripheral blood tests was enrolled. The patients were all treated with concurrent or 
sequential chemoradiotherapy according to international clinical guidelines, with conventional fractionated 
radical radiotherapy. The receiver operating characteristic curve and the Youden index were used to 
determine the optional cutoff values of PBL biomarkers for distinguishing prognosis. Univariate and 
multivariate Cox proportional hazards regression analyses were performed to identify the factors significantly 
correlated with overall survival.
Results: The cohort had a median follow-up time of 21.7 (3.1–121) months. The 3- and 5-year OS rates of 
all patients were 34.7% and 27.5%, respectively. Univariate analysis showed that gender (P=0.011), smoking 
(P=0.011), tumor-node-metastasis (TNM) stage (P=0.002), pretreatment peripheral blood neutrophil-to-
leukocyte ratio (P=0.013), and systemic inflammation response index (SIRI, P<0.001) were all correlated 
with OS in NSCLC patients. Moreover, multivariate analysis revealed that TNM stage (HR =1.541, 95% 
CI: 1.166–2.036, P=0.010) and SIRI (HR =1.868, 95% CI: 1.016–3.436, P=0.018) were significantly and 
independently associated with OS. However, the median OS of stage IIIB NSCLC patients with low 
SIRI (≤2.0) was longer than that of stage IIIA NSCLC patients with high SIRI (>2.0) (33.9±4.1 vs. 19.6± 
2.5 months).
Conclusions: Pretreatment peripheral blood SIRI was found to be a simple independent predictor 
of OS in stage III NSCLC patients who underwent chemoradiotherapy. As a novel prognostic marker, 
the prognostic value of the SIRI is superior to that of the NLR. Low SIRI could be a better prognostic 
stratification factor for NSCLC patients with different TNM stages.
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Introduction

Non-small cell lung cancer (NSCLC) is one of the most 
prevalent cancers globally and comprises at least 85% 
of all new lung cancer cases (1). Approximately 30% of 
NSCLC patients are locally advanced (stage III) at the time 
of diagnosis, and many of these patients cannot achieve 
complete resection due to the tumor size or location, or 
patient-related factors (2). Large or invasive T4 tumors, 
N3 lymph node involvement, poor pulmonary function 
of patients, and cardiovascular comorbidities are all 
common reasons for unresectability (3,4). For patients with 
unresectable stage III NSCLC, chemotherapy combined 
with radiotherapy remains the standard treatment, 
while consolidation immunotherapy after concurrent 
chemoradiotherapy has been emerging as a treatment 
selection (5).

The prognosis of NSCLC is generally evaluated 
preliminarily according to the tumor-node-metastasis 
(TNM) staging system, histology, and oncogenic mutations, 
which guide patient management strategies (6). However, 
the clinical prognosis can vary, even for patients in the same 
category (6). Therefore, to optimize risk stratification and 
to predict prognosis more accurately, as well as to further 
inform individualized treatment management decisions, this 
population of NSCLC patients requires additional effective 
prognostic biomarkers.

Inflammatory reaction and immune surveillance are 
considered to be pivotal hallmarks relevant to cancer 
development and outcomes of cancer therapy (7-9). Because 
peripheral blood immune cells directly reflect the condition 
of the immune system, peripheral blood leukocyte (PBL) 
biomarkers such as the absolute counts of neutrophils, 
monocytes, and lymphocytes, along with the neutrophil-to-
lymphocyte ratio (NLR), have been reported to be effective 
predictors of prognosis in different tumor models. High 
lymphocyte and low neutrophil counts have been associated 
with better prognosis in various tumor models (10-13). 
Moreover, the novel systemic inflammation response 
index (SIRI), which integrates different inflammatory 
cells (neutrophils, monocytes, and lymphocytes), has been 
proved to be a promising prognostic predictor in different 
cancers (14,15).

However, few previous studies to date have studied the 
prognostic value of pretreatment SIRI in unresectable 
loca l l y  advanced  NSCLC pa t i en t s  t rea ted  wi th 
chemoradiotherapy. In this study, we retrospectively 
analyzed the survival data of patients with stage III NSCLC, 
and explored the prognostic role and optimal cutoffs of 
different pretreatment inflammatory biomarkers, including 
SIRI and NLR. We present the following article in 
accordance with the REMARK reporting checklist (available 
at http://dx.doi.org/10.21037/atm-20-6484).

Methods

Patients

Unresectable stage III NSCLC patients who underwent 
chemoradiotherapy at the Department of Radiotherapy, 
Shanghai Pulmonary Hospital or Zhejiang Cancer 
Hospital between April, 2010, and September, 2018, 
were retrospectively enrolled. All tumor staging was 
assessed according to the American Joint Committee on 
Cancer (AJCC) guidelines, 8th edition (16). The inclusion 
criteria were: (I) NSCLC newly diagnosed in one of our 
institutions; (II) NSCLC pathologically confirmed; (III) 
stage III disease according to the TNM staging system (5); 
(IV) treated with both radiotherapy and chemotherapy; 
and (V) pretreatment peripheral blood tests available. The 
exclusion criteria were: (I) underwent surgical resection; (II) 
had a second primary malignancy; (III) clinical evidence of 
active infection or inflammation; (IV) hematological disease 
or autoimmune diseases; or (V) insufficient clinical or 
laboratory data. 

A total of 176 patients with unresectable stage III 
NSCLC who met the inclusion criteria were included 
in the study. Data on the patients’ clinicopathological 
characteristics including gender, age, smoking status, 
his topathology,  TNM stage,  treatment  regimen, 
and pretreatment PBL biomarkers were collected. 
This retrospective study received approval from the 
Institutional Review Boards of Shanghai Pulmonary 
Hospital and Zhejiang Cancer Hospital (approval 
No.19231ZL). Informed consent was obtained from each 
patient who participated in the study. All procedures 
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performed in this study involving human participants 
were in accordance with the Declaration of Helsinki (as 
revised in 2013).

The optimal cutoffs for PBL biomarkers were identified 
using receiver operating characteristic (ROC) curve analysis, 
with overall survival (OS) as the outcome of interest. We use 
the optimal cutoffs of the PBL biomarkers as boundaries to 
group the cohort into different OS prognosis. The collected 
pretreatment PBL biomarkers included the absolute 
counts of neutrophils, monocytes, and lymphocytes, NLR, 
and SIRI. The NLR and SIRI were calculated as follows: 
NLR = neutrophils count/lymphocytes count, and SIRI = 
neutrophils × monocytes/lymphocytes.

Treatment methods

Pat ient s  had  rece ived  concurrent  or  sequent ia l 
chemoradiotherapy,  which included conventional 
fractionated definitive radiation (between 54 and 66 Gy) 
with appropriate organs-at-risk (OARs) dose constraints 
using advanced technologies and more than two cycles 
of platinum-based chemotherapy based on NCCN 
guidelines.

Follow-up

Patients were followed up regularly from the date of 
diagnosis to April 14, 2020, or the date of death. The 
endpoint of the study was OS, which was defined as the 
time from the date of diagnosis to the date of death, or to 
the last follow-up.

Statistical analysis

All statistical analyses were performed using SPSS 21.0 
statistical software (IBM Corp., Armonk, NY, USA). 
Survival curves were analyzed by the Kaplan-Meier method 
and compared by log-rank test. The optional cutoff values 
of the PBL biomarkers for distinguishing prognosis were 
determined by calculating the area under the ROC curve 
(AUC), using the maximum principle of the Youden 
index.  Pearson’s chi-square test was used to compare 
categorical variables. Univariate and multivariate Cox 
regression proportional hazards models were performed, 
with hazard ratio (HRs) and 95% confidence intervals 
(95% CI) expressing the intensity of correlations between 
the observed factors and OS. A two-sided P<0.05 was 
considered statistically significant.

Results 

Patient characteristics

The 176 patients in this study had a mean age of 62.9± 
8.0 (range, 33–80) years; 157 (89.2%) patients were 
male and 19 (10.8%) were female. The median follow-
up was 21.7 (range, 3.1–121) months. The OS rate at 3 
and 5 years was 34.7% and 27.5%, respectively. Of the 
patients, 123 (69.9%) had a smoking history. In terms of 
histological type, 87 patients (49.4%) had adenocarcinoma 
and 65 patients (36.9%) had squamous cell carcinoma, 
while for 24 patients (13.6%), the type was unspecified. 
Concurrent chemoradiotherapy (CCRT) and sequential 
chemoradiotherapy (SCRT) were received by 32 (18.2%) 
and 144 (81.8%) patients, respectively. According to TNM 
stage, 57 (32.4%) patients had stage IIIA disease, 97 (55.1%) 
had stage IIIB, and 22 (12.5%) had stage IIIC. Table 1 
shows the clinicopathological characteristics and levels of 
inflammatory response markers of the 176 stage III NSCLC 
patients.

Optimal cut-off value for PBL biomarkers

Time-dependent ROC curves were used to analyze the 
predictive effects of the PBL biomarkers and to determine 
the optional cutoff values of different markers for predicting 
OS prognosis. The AUCs of SIRI and NLR were 0.714 
(95% CI: 0.604–0.823, P=0.001) and 0.693 (95% CI: 
0.569–0.817, P=0.002), respectively (Figure 1), The AUC 
for absolute neutrophil count was 0.564 (95% CI: 0.436–
0.692, P=0.312); the AUC for absolute monocyte count was 
0.568 (95% CI: 0.434–0.703, P=0.283); and the AUC for 
absolute lymphocyte count was 0.508 (95% CI: 0.388–0.627, 
P=0.906). According to the maximum principle of the 
Youden index, the optimal cutoff values for SIRI and NLR 
were 2.0 and 2.7, respectively. In the survival analysis, the 
patients were further grouped according to the optimal 
cutoff values of pretreatment SIRI and NLR.

Prognostic analysis

The median follow-up time was 21.7 (range, 3.1– 
121.0) months. The 3- and 5-year OS rates for all included 
unresectable stage III NSCLC patients treated with 
chemoradiotherapy were 34.7% and 27.5%, respectively. 

Survival curves were estimated using the Kaplan-Meier 
method and compared by log-rank test, and we found that 
factors correlated with different prognosis in the Kaplan-
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Meier survival analysis were sex (P=0.008), smoking 
status (P=0.010), NLR (P=0.012), and SIRI (P<0.001). In 
particular, among the different PBL biomarkers, differences 
prognosis between NSCLC patients in high and low NLR 
groups, SIRI groups were illustrated (Figure 2). 

As shown in Table 2, in univariate Cox analysis, the 
factors significantly correlated with OS were sex (HR: 
2.907, 95% CI: 1.277–6.620, P=0.011), smoking status (HR: 
1.725, 95% CI: 1.132–2.629, P=0.011), TNM stage (IIIB-
HR: 1.727, 95% CI: 1.053–2.824; IIIC-HR: 2.724, 95% 
CI: 1.550–4.784; P=0.002), NLR >2.7 (HR: 1.590, 95% 
CI: 1.101–2.295, P=0.013), and SIRI >2.0 (HR: 2.311, 95% 
CI: 1.472–3.630, P<0.001). Furthermore, in multivariate 
analysis using the Cox proportional hazards model, both 
TNM stage (HR: 1.541, 95% CI: 1.166–2.036, P=0.010) 
and SIRI (HR: 1.868, 95% CI: 1.016–3.436, P=0.018) were 
independent prognostic factors for OS. 

Pretreatment SIRI as a risk stratification indicator

In Kaplan-Meier survival analysis, NSCLC patients in 
different TNM stage III subgroups showed significant 
differences in OS (P=0.001) (Figure 3A). Furthermore, 
value of SIRI on risk stratification in locally-advanced 
NSCLC patients was explored. As shown in Figure 3B, 
the median OS of stage IIIA NSCLC patients with low 
SIRI was not reached, which was superior to that of the 
high SIRI patients (23.8±4.9 months). Stage IIIB patients 

Table 1  Clinicopathological characteristics and levels of 
inflammatory response markers of 176 patients with stage III 
NSCLC

Variable No. of patients (%)/median (range)

Age (years)

≤60 68 (38.6)

>60 108 (61.4)

Sex

Male 157 (89.2)

Female 19 (10.8)

Smoking status

Ever 123 (69.9)

Never 53 (30.1)

Histological type

LUSC 65 (36.9)

LUAD 87 (49.4)

NOS 24 (13.6)

TNM stage

IIIA 57 (32.4)

IIIB 97 (55.1)

IIIC 22 (12.5)

Treatment

CCRT 32 (18.2)

SCRT 144 (81.8)

Neutrophils, ×109/L 4.65 (0.10–18.67)

Monocytes, ×109/L 0.49 (0–2.01)

Lymphocytes, ×109/L 1.74 (0.28–4.06)

NLR 2.80 (0.10–35.20)

SIRI 1.35 (0–25.00)

*, P<0.05 is considered significant. NSCLC, non-small cell 
lung cancer; LUSC, lung squamous carcinoma; LUAD, lung 
adenocarcinoma; NOS, not otherwise specified; TNM, tumor 
node metastasis; CCRT, concurrent chemoradiotherapy; SCRT, 
Sequential chemoradiotherapy; NLR, neutrophil-to-lymphocyte 
ratio; SIRI, systemic inflammation response index.

Figure 1 Receiver operating characteristic curve analysis of 
the optimal cutoff value of absolute neutrophil count, absolute 
monocyte count, absolute lymphocyte count, neutrophil-to-
lymphocyte ratio (NLR), and systemic inflammation response 
index (SIRI) in patients with unresectable stage III non-small cell 
lung cancer. Areas under the curve for overall survival were 0.714 
and 0.693 for the SIRI and NLR, respectively (P<0.05). P>0.05 for 
all other indicators. 
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Figure 2 Kaplan-Meier curves for overall survival (OS) according to the neutrophil-to-lymphocyte ratio (NLR) (A) and systemic 
inflammation response index (SIRI) (B). A high (>2.7) NLR and high (>2.0) SIRI were associated with significantly shorter OS.
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Table 2 Univariate and multivariate Cox proportional hazards analyses for overall survival (OS) in the cohort

Variable Median OS (95% CI)
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Gender, n (%)

Male 23.8 (19.6–27.9) 2.907 (1.277–6.620) 0.011* 1.798 (0.723–4.464) 0.150

Female – 1 1

Age

≤60 years 24.5 (17.9–31.1) 1 0.281

>60 years 23.8 (17.5–30.1) 1.231 (0.843–1.801)

Histological type

LUSC 27.0 (15.9–38.1) 1 0.138

LUAD 24.0 (15.6–32.4) 1.367 (0.904–2.070)

Smoking status, n (%)

Ever 22.0 (17.6–26.4) 1.725 (1.132–2.629) 0.011* 1.414 (0.886–2.257) 0.148

Never 32.0 (17.9–46.1) 1 1

TNM stage, n (%)

IIIA 30.8 (15.9–45.7) 1 0.002* 1.541 (1.166–2.036) 0.010*

IIIB 24.0 (19.3–28.7) 1.727 (1.054–2.825)

IIIC 16.4 (12.1–20.7) 2.725 (1.550–4.785)

NLR

≤2.7 29.2 (19.6–38.8) 1 0.013* 1 0.836

>2.7 22.8 (17.8–27.8) 1.590 (1.101–2.295) 1.088 (0.672–1.760)

SIRI

≤2.0 40.0 (19.9–60.1) 1 <0.001* 1 0.018*

>2.0 20.4 (16.4–24.4) 2.311 (1.472–3.630) 1.868 (1.016–3.436)

*, P<0.05 is considered significant. LUSC, lung squamous carcinoma; LUAD, lung adenocarcinoma; TNM, tumor node metastasis; NLR, 
neutrophil-lymphocyte ratio; SIRI, systemic inflammation response index.
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Figure 3 Kaplan-Meier curves showing overall survival in non-small cell lung cancer patients in different tumor node metastasis (TNM) 
stage III subgroups (A) and survival analysis of the high systemic inflammation response index (SIRI) (>2.0) and low SIRI (≤2.0) groups with 
different subgroups according to TNM stage III (B). 
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with low SIRI had a longer median OS (33.9±4.1 months) 
than stage IIIB patients with high SIRI (19.6±2.5 months). 
Furthermore, among stage IIIC patients, the low SIRI 
subgroup had a better median OS than the high SIRI 
subgroup (18.4±5.0 vs. 16.4±1.3 months). In particular, we 
found that stage IIIA patients with high SIRI had a worse 
3-year OS rate than stage IIIB patients with low SIRI (9.5% 
vs. 32.1%, P=0.007).

Discussion 

In this study, the prognostic data of 176 unresectable 
stage III NSCLC patients treated with concurrent or 
sequential chemotherapy and conventional fractionated 
radical radiotherapy in two institutions were retrospectively 
analyzed. Although TNM staging was certificated as an 
efficient predictive prognostic factor in our study, SIRI 
was validated to be a novel and independent factor for 
predicting OS, outperforming NLR. Furthermore, we 
validated SIRI and NLR with the respective optimal cutoffs 
of 2.0 and 2.7 in an independent, multi-institutional cohort 
of patients. Our study is the first to explore the potential of 
pretreatment SIRI in predicting survival among patients in 
the same TNM stage, in particular those with unresectable 
locally advanced lung cancer patients treated with 
chemoradiotherapy.

A growing body of evidence indicates that systemic 
inflammatory biomarkers in peripheral blood can be used 
to predict treatment outcomes in different solid tumors, 
included prostate cancer, colorectal cancer, esophageal 
squamous cell carcinoma, melanoma, and NSCLC 

(7,9,17). The potential mechanisms underlying the effects 
of different inflammatory biomarkers on prognosis are 
unclear; however, they are possibly related to changes in 
the tumor immune microenvironment. Moreover, tumor 
immune microenvironment changes are closely associated 
with inflammatory and immune cell distribution in the 
peripheral blood (7). As previously reported, lymphocytes 
play a crucial role in cancer therapy, and infiltration by 
lymphocytes stimulates the production of more pro-
inflammatory factors, which promote cytotoxic cell death 
and inhibit tumor cell proliferation and migration (17,18). 
On the contrary, neutrophils have been indicated to 
have tumor-promoting properties. Relative increases in 
neutrophils in the peripheral blood accompanied by the 
up-regulation of tumorigenic and angiogenic factors, such 
as vascular endothelial growth factor (VEGF), nuclear 
factor kappa-B (NF-κB), C-X-C motif chemokine ligand 8 
(CXCL8), granulocyte colony-stimulating factor (G-CSF), 
and transforming growth factor-β1 (TGF-β1), induce a 
tumor-promoting environment (19,20). A high number 
of circulating neutrophils has been reported to predict 
poor therapeutic effects and worse prognosis of patients 
treated with chemotherapy, radiotherapy, or checkpoint 
inhibitors in several cancers (13,21,22). Meanwhile, elevated 
circulating absolute monocyte count has also been shown 
to predict worse survival of patients in several tumor 
models. Monocytes were found to differentiate into tumor-
associated macrophages (17), secrete tumor necrosis factor 
alpha (TNF-α) and VEGF to facilitate tumor growth and 
angiogenesis, and inhibit the antitumor immune response 
in vivo. They have also been shown to promote tumor cell 
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migration by secreting proteases to degrade extracellular 
matrix (9,23). Together, these different leukocytes ultimately 
form the immune environment and have a significant 
influence on the curative effects of therapies. 

To combine various inflammatory biomarkers, previous 
studies elicited several compound systemic inflammatory 
indicators, including the NLR and SIRI. While NLR is 
a calculated inflammatory indicator of neutrophils and 
lymphocytes, SIRI is a parameter that integrates three 
types of inflammatory cells (lymphocytes, neutrophils, and 
monocytes), and both have been indicated to be effective 
prognostic indicators in several tumor models (24,25). 
Furthermore, previous studies identified that high NLR 
and SIRI values were correlated with a poor prognosis, 
primarily in different cancer patients treated with surgery, 
chemotherapy, or radiotherapy (14,15,24,26). To the best of 
our knowledge, few studies have compared the prognostic 
value of NLR and SIRI before radiotherapy in lung cancer. 
Thus, one advantage of this study was that it validated the 
predictive capability of pretreatment SIRI and NLR in 
NSCLC patients treated with chemoradiotherapy. 

ROC curve analysis was also performed to evaluate 
the correlation between inflammatory biomarkers and 
prognosis. The area under the ROC curve of each 
inflammatory biomarker was compared, and the sensitivity 
and specificity of SIRI were found to be superior to those 
of NLR in predicting OS, while no significant cutoff values 
of absolute neutrophils count, lymphocytes count and 
monocytes count were found. In line with Hu et al. (24) and 
Valero et al. (25), we demonstrated that baseline SIRI >0.2 
and NLR >2.7 could predict poor clinical outcomes for 
patients with locally advanced NSCLC, with the prediction 
ability of SIRI higher than that of NLR. The prognostic 
significance of SIRI remained even after adjusting for other 
important clinicopathological parameters, such as sex, age, 
smoking status, histological type, and clinical stage.

Although TNM staging system has been widely used 
and can predict NSCLC overall prognosis effectively, there 
is considerable heterogeneity between different staging 
groups. A precise and measurable variable that could serve 
as a risk indicator for survival for NSCLC patients with 
the same TNM stage still needs to be found. The risk 
stratification efficacy of SIRI supplemented by TNM stage 
was explored, and SIRI was demonstrated to be an effective 
risk stratification factor in the different stage III subgroups. 
Moreover, IIIB stage NSCLC patients with low SIRI (≤2.0) 
were found to have better survival than IIIA stage NSCLC 
patients with high SIRI (>2.0), illustrating the importance 

of low SIRI in better survival of locally-advanced NSCLC 
patients. In order to obtain low SIRI, additional adjustments 
of clinical treatment regimens should be performed in stage 
III NSCLC patients. 

Lymphocytes are known to be the most radiosensitive 
cells in the hematopoietic system; the lethal dose required 
to reduce the percentage of surviving lymphocytes 
90% is 3 Gy (27). The degree of radiotherapy-induced 
lymphopenia is related to prognosis in breast cancer, rectal 
cancer, glioblastoma, non-small cell lung cancer, and 
other cancers (18,27,28). However, radiotherapy planning 
target delineation for stage III NSCLC patients usually 
includes questionable lymph nodes, which obviously 
affects the distribution of circulating lymphocytes (29). 
Enhanced protection for lymph nodes during radiotherapy 
and a lower radiation dose to normal lymph nodes could 
effectively maintain the circulating absolute lymphocyte 
count, which may help to reduce the NLR and SIRI value 
and eventually promote the survival of stage III NSCLC 
patients. Accordingly, to guide optimal radiotherapy target 
delineation in clinic, in our future study, we will further 
explore the relationship between the elective lymph nodal 
irradiation dose of the target region, circulating biomarkers 
including NLR and SIRI, and the prognosis of locally 
advanced NSCLC patients. For more clarity, we should 
collect the data of circulating biomarkers before and after 
different treatment modalities, and further verify the 
impact of NLR and SIRI on clinical efficacy and toxicity of 
patients.

However, the present study has several limitations. 
Firstly, post-radiotherapy PBL data were lacking for the 
NSCLC patients in our study, which left us unable to 
explore the significance of increased lymph node protection 
in radiotherapy target delineation for SIRI and prognosis. 
Secondly, our study is a retrospective analysis, meaning 
several factors may have potentially influenced the study 
results; for instance, the PBL data of all patients were 
collected at a single time point before initial treatment, 
and the sample size was also relatively small. Therefore, a 
large-scale, multi-institutional investigation, specifically 
a prospective validation study, is needed to confirm our 
results. Despite these limitations, our findings lay the 
foundation for dedicated prospective investigations to 
corroborate better radiation delineation.

Conclusions

In summary, our study has demonstrated that pretreatment 
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peripheral blood SIRI is a simple independent predictor 
of OS in NSCLC. As a novel prognostic marker, the 
prognostic value of SIRI is superior to that of NLR. 
Moreover, we found that pretreatment SIRI is an 
appropriate risk indicator that can distinguish OS on the 
basis of the TNM category of stage III NSCLC patients. 
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