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Abstract. Chemotherapy is widely administered to patients 
with advanced lung cancer; however, data regarding chemo-
therapeutic sensitivity are limited. The present study aimed 
to investigate the predictive value of inflammatory indexes 
for chemotherapeutic efficacy in advanced lung cancer. 
Patients with stage III and IV unresectable lung cancer that 
were treated with first‑line chemotherapy between January 
2007 and December 2011 were retrospectively identified, 
and chemotherapeutic response was evaluated following 2 or 
3 chemotherapy cycles. Prior to chemotherapy, hematologic 
data and clinicopathological parameters were collected using 
electronic medical records. The associations between the 
main inflammatory indexes [which included the pretreatment 
neutrophil count (PNC), neutrophil-lymphocyte ratio (NLR), 
platelet-lymphocyte ratio (PLR)] and the chemotherapeutic 
efficacy, as well as the prognostic value of the indexes, were 
analyzed. According to the receiver operating characteristic 
curve, PLR failed to reach diagnostic accuracy for overall 
chemotherapeutic response. PNC and NLR were each classified 
into two groups according to the cut‑off values (4.635x109/l for 
PNC and 2.443 x109/l for NLR). The overall response rate was 
significantly higher in the low PNC [odds ratio, 3.261; 95% 

confidence interval (CI), 2.102‑5.060; P<0.001, vs. high PNC] 
and low NLR groups (odds ratio, 1.596; 95% CI, 1.037‑2.454; 
P=0.033, vs. high NLR). Univariate analyses showed that the 
high PNC (HR, 1.487) and high NLR groups (HR, 1.288) were 
associated with poor progression-free survival (PFS); however, 
NLR was considered statistically insignificant in multivariate 
analysis. In summary, high PNC and NLR values are asso-
ciated with chemoresistance and an unfavorable prognosis, 
with the present study demonstrating that PNC has increased 
sensitivity when compared with other inflammatory indexes 
in predicting chemotherapeutic efficacy. Therefore, PNC has 
the potential to be used as a reliable and suitable predictor to 
stratify a high risk of chemoresistance in patients with stage III 
and IV unresectable lung cancer.

Introduction

Lung cancer remains the most common and lethal malignant 
tumor type worldwide, despite extensive research and numerous 
clinical trials (1,2). The first therapeutic choice for patients with 
early‑stage lung cancer is surgical excision. However, in the 
majority of cases, tumors have developed to the unresectable 
stage by the time of initial diagnosis, and surgical resection is 
no longer a viable option (3). Thus, systemic chemotherapy has 
become the principal treatment for lung cancer. However, it 
possesses limitations with regard to its efficacy, a prime example 
being that patients rarely survive for an extended time period 
following treatment. In this regard, identifying increasingly 
sensitive markers for predicting chemotherapeutic efficacy, and 
therapeutic targets to promote the development of individual-
ized treatment has become a popular area of research.

The mechanisms underlying resistance to anticancer 
agents may be categorized into two types, comprising tumor 
cell intrinsic factors and non-tumor cell intrinsic factors. The 
former includes increased drug efflux by ATP‑binding cassette 
superfamily proteins, dose‑associated toxicities, increased 
DNA repair mechanisms, apoptosis deficiency and drug altera-
tion (4-7). However, these insights into drug resistance have not 
thus far led to major improvements in the survival rates of patients 
with lung cancer, who usually exhibit immune suppression 
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and cancer‑associated inflammation (8). For instance, inflam-
matory leukocytes, together with proteolytic enzymes and 
dysregulated vessels form the tumor microenvironment. High 
levels of‑tumor‑associated macrophages (TAM), one of the 
most important types of inflammatory leukocytes (9), exhibit a 
crucial role in the chemotherapy-resistance of patients with lung 
cancer (10). Furthermore, cancer‑associated fibroblasts have 
been demonstrated to contribute to the doxorubicin‑resistance 
of breast cancer cells (11). Gene polymorphisms in DNA repair 
pathways and multi‑drug resistance gene 1 (MDR1) could 
also contribute to the response of non-small cell lung cancer 
(NSCLC) to chemotherapy (12).

In the 19th century, Rudolf Virchow (13) identified the 
association between inflammation and cancer. Thereafter, 
studies confirmed an extensive association between inflamma-
tion and cancer (14‑16). Cancer may induce an inflammatory 
state, resulting in multiple inflammatory cells being recruited 
to the cancer microenvironment, and contributing to the 
hallmarks of cancer (16,17). Notably, indexes of inflam-
matory cells [including the pretreatment neutrophil count 
(PNC), macrophage, neutrophil-lymphocyte ratio (NLR) and 
platelet‑lymphocyte ratio (PLR)] in the bloodstream can reflect 
the scope and extent of inflammation (18,19). Previous studies 
have reported that elevations in the PNC, NLR or PLR indicate 
a poor prognosis in various human cancer types, most notably 
in colorectal cancer (19), hepatocellular carcinoma (20), and 
in gastric (21), esophageal (22), breast (23,24), ovarian (25), 
cervical (26) and lung cancer (27,28). Increasingly, studies 
have suggested that inflammation serves an important role in 
the regulation of chemoresistance (8,29-32). This is consistent, 
with the notion that certain inflammatory indexes correlate 
with chemotherapeutic responses; for example, NLR corre-
lates with chemotherapeutic responses in breast cancer (33). 
Van Glabbeke et al (34) demonstrated that an elevated base-
line neutrophil count correlated with initial, as well as late, 
resistance to imatinib treatment in gastrointestinal stromal 
tumors (GIST). However, studies regarding the association 
between chemotherapeutic sensitivity and inflammatory 
indexes are scarce, particularly in lung cancer. Despite this, 
we hypothesized that common inflammatory indexes could 
serve as important predictors for chemotherapeutic response. 
The available literature leaves certain questions unanswered, 
such as which indexes may be used for predicting the response 
to chemotherapy in lung cancer, and which index is superior.

The primary aim of this study was to investigate and 
compare the predictive value of commonly used inflammatory 
indexes on chemotherapeutic efficacy in advanced lung cancer.

Materials and methods

Ethical approval. This protocol of this retrospective study was 
reviewed and approved by the Ethics Committee of Shandong 
Provincial Hospital Affiliated to Shandong University, and 
written informed consent was obtained from all participants 
for their clinical records to be used in this study.

Patient and data collection. All participating patients 
with stage III and IV unresectable lung cancer (NSCLC 
and SCLC) received chemotherapy as the initial treatment 
between January 2007 and December 2011 at the Department 

of Oncology, Shandong Provincial Hospital Affiliated to 
Shandong University (Jinan, China) and Jinling Hospital 
(Nanjing, China) were retrospectively identified from the 
hospital’s original electronic databases. The primary inclusion 
criteria were as follows: i) Definitive diagnosis of primary lung 
cancer; ii) explicit pathological pattern before treatment; and 
iii) chemotherapy as a first‑line therapy without prior treat-
ment. The exclusion criteria were as follows: i) Patients with a 
history of other types of cancer; ii) patients whose data were 
incomplete; iii) patients for whom chemotherapeutic efficacy 
was not evaluated; and iv) patients who received concurrent 
radiochemotherapy prior to response evaluation.

Progression‑free survival (PFS) was defined as the time 
period from the start of treatment to the date that tumor 
progression was detected. The patients’ clinicopathological 
data were collected using electronic medical records. This, 
clinicopathological information included sex, age, inflamma-
tory manifestation, smoking status, obstructive pneumonia, 
central tumor location, clinical stage, chemotherapeutic 
response, overall response and histopathological pattern. PNC, 
NLR and PLR were calculated from the medical records at the 
time of the first explicit diagnosis prior to chemotherapy.

Response assessment. Chemotherapeutic response was 
assessed after 2 or 3 chemotherapeutic cycles using the revised 
Response Evaluation Criteria in Solid Tumors (version 1.1) (34). 
The criteria classified the responses into four categories: 
Complete response (CR), partial response (PR), stable disease 
(SD) and progressive disease (PD). CR was defined as the 
complete disappearance of all measurable lesions sustained for 
≥4 weeks. PR was defined as a minimum 30% reduction in 
measurable lesions sustained for ≥4 weeks. SD was defined as 
a <30% decrease or <20% increase in the size of measurable 
lesions. PD was assigned to patients when measurable lesions 
increased by >20%, or when new lesions were identified (35). 
Overall response included CR and PR. The overall response rate 
was the ratio of overall response patients to the total patients.

Statistical analysis. All statistical analyses were performed 
using SPS version 20.0 (IBM Corp., Armonk, NY, USA). 
Analysis of inflammatory indexes was performed according to 
the overall response by receiver operating characteristic (ROC) 
curves, which were used to detect the value of each index 
for predicting the response to chemotherapy. Associations 
between inflammatory indexes and clinicopathological param-
eters were investigated using the χ2 test. A nonparametric 
test of numerical variables was used for testing differences 
in the distribution of inflammatory indexes among different 
groups. PFS was estimated using the Kaplan‑Meier method 
and the log-rank test was used for comparison of outcomes. 
The Cox proportional hazards regression model was used to 
confirm independent predictors of PFS, and multivariate Cox 
analyses were performed with a step-forward logistic regres-
sion approach. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient characteristics. All the main clinicopathological 
characteristics of samples are detailed in Table I. A total 
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of 390 patients, based on the original electronic files, were 
retrospectively enrolled in the study. All samples were from 
patients with stage III or IV unresectable lung cancer who 
received platinum‑based chemotherapy as a first‑line treat-
ment. There were 277 (71.0%) males and 113 (29.0%) females, 
with 121 (31.0%) patients >65 years of age and the other 
269 ≤65 (69.0%; range, 18‑84 years). There were 58 (14.9%) 
patients with inflammatory manifestation (fever, yellow 
sputum, purulent sputum, etc.) while this was not present in 
the other 332 (85.1%). In terms of clinical tumor stage, 200 
(51.3%) patients had stage III and 190 (48.7%) had stage IV 
disease. Regarding chemotherapeutic response, no patients 
achieved CR, 261 achieved PR, 66 had SD and 63 had PD. In 
total 261 patients (66.9%) achieved an overall response, and 
the other 129 patients (33.1%) had no marked chemothera-
peutic response. PNC and NLR were divided into two levels 
by the critical values, and PLR did not indicate significance 
according to the ROC curve.

The association between inflammatory indexes and overall 
response rate. The cut-off values based on the ROC curve 
were calculated as 4.635x109/l for PNC and 2.443 for NLR. 
However, the PLR failed to reach diagnostic accuracy for 
the overall response (Fig. 1). According to the cut-off values, 
PNC and NLR were each divided into low and high groups. 
The ROC curve indicated that PNC [area under curve (AUC), 
0.314; P<0.001)] and NLR (AUC, 0.439; P=0.05) were signifi-
cant predictors of overall response. The overall response rate 
was 78.2% (172/220) in the low PNC group, and only 52.4% 
(89/170) in the high PNC group (odds ratio, 3.261; 95% CI, 
2.102‑5.060; P<0.001). The overall response rate was 72.5% 
(129/178) in the low NLR group, and was reduced to 62.3% 
(132/212) in high group (odds ratio, 1.596; 95% CI, 1.037‑2.454; 
P=0.033).

Associations between inflammatory indexes and clinico-
pathological characteristics. The associations between the 
clinicopathological parameters and inflammatory indexes 
are presented in Table I. High levels of PNC were found to 

be significantly associated with inflammatory manifestation 
(P=0.027), non overall response (SD+PD; P<0.001), chemo-
therapeutic response (P<0.001) and histopathological types 
(P=0.031). Conversely, there was no significant association 
between PNC level and other clinical parameters, such as age 
(P=0.955), sex (P=0.338), smoking status (P=0.074), obstruc-
tive pneumonia (P=0.878), central tumor location (P=0.954) 
or clinical tumor stage (P=0.971). NLR was significantly 
associated with inflammatory manifestation (P=0.007) and 
overall response (P=0.033); however, there was no significant 
association with other parameters.

Distribution of inflammatory indexes according to chemother-
apeutic response and overall response. To analyze differences 
in the distribution of PNC and NLR between patients who 
exhibited a chemotherapeutic response and overall response, 
a Mann‑Whitney U test was used. Comparison of the PNC 
and NLR values among the three chemotherapeutic response 
groups revealed that the differences were statistically signifi-
cant (PR<SD, P=0.008; SD<PD, P=0.001; PR<PD, P<0.001) 
(Fig. 2A). Consistently, patients with low PNC were more 
likely to exhibit an overall response to chemotherapy (P<0.001; 
Fig. 2B). However, the distribution of NLR demonstrated 
no significant difference (Fig. 2C and D). Further analyses, 
revealed the predictive efficiency of PNC for overall response 
existed in the NSCLC (P<0.001) and SCLC (P<0.001) 
subgroups (Fig. 3).

Survival analyses. The last follow-up was performed in 
December 2014, and 24 (6.2%) patients were lost to follow 
up. In the present study, PFS was the endpoint for the entire 
cohort. Kaplan‑Meier survival curves based on PNC and NLR 
levels are shown in Fig. 4. Statistically significant differences 
in survival were identified between the different levels of 
PNC (P<0.001) and NLR (P=0.016); high levels of PNC and 
NLR were significantly associated with recurrence risk and 
poor prognosis. The Cox proportional hazards regression 
model was used for confirming the independent predictors 
of PFS (Table II). According to univariate Cox regression 

Figure 1. Diagnostic value of inflammatory indexes for overall response according to ROC curves. (A) The optimal cut‑off point for PNC was 4.635x109/l, AUC 
was 0.314 with P<0.01; (B) The optimal cut‑off point of NLR was 2.443, the AUC was 0.439 where P=0.05. ROC, receiver operating characteristic; AUC, area 
under curve; PNC, pretreatment neutrophil count.
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analysis, PFS was correlated with NLR levels (HR, 1.288; 
95% CI, 1.041‑1.594; P=0.020), PNC levels (HR, 1.487, 95% 
CI, 1.200‑1.841; P<0.001), overall response (HR, 2.349; 95% 
CI, 1.878‑2.939; P<0.001) and clinical tumor stage (HR, 1.537, 
95% CI=1.241‑1.904; P<0.001). No significant associations 
were identified between survival and sex, age or smoking 
status. Multivariate Cox analysis confirmed that PNC levels, 
overall response and clinical stage were independent predic-
tors of PFS (P=0.011, P<0.001 and P=0.001, respectively).

Discussion

Millions of individuals worldwide receive a lung cancer diag-
nosis each year, and the majority of the cases are detected, 
whereas the disease has developed into unresectable tumor 
stage (1,2,36). Chemotherapy serves crucial role in the treat-
ment of unresectable lung cancer (3); however, chemoresistance 
has become a vital factor that negatively influences curative 
effects. Therefore, there is an urgent requirement to identify 
powerful biomarkers associated with the chemotherapeutic 
response that can contribute to selecting optimal therapies for 

individuals. Therefore, the present study attempted to establish 
the relevance of certain inflammatory indexes to chemothera-
peutic efficacy in 390 patients with stage III or IV unresectable 
lung cancer. To the best of our knowledge, this is the first study 
to identify and compare chemotherapeutic efficacy among 
PNC, NLR and PLR in advanced lung cancer.

Links between systemic inflammation and cancer have 
garnered academic interest and have been the focus of 
numerous studies (14-16). Emerging evidence suggests that 
systemic inflammation and the tumor-associated inflam-
matory microenvironment serve an important additional 
role in modulating chemotherapeutic responsiveness and 
chemoresistance; however, the underlying mechanisms remain 
largely unclear (8,29). Hematological markers of systemic 
inflammation, including C‑reactive protein, PNC, NLR, PLR, 
albumin-neutrophil prognostic grade etc., are well established 
as useful in the prediction of outcomes in a number of cancer 
types (19-23,25-28,37-40). Nevertheless, there is a paucity 
of studies regarding the associations between inflamma-
tory indexes and chemotherapeutic response. Furthermore, 
the conclusions of these studies have been inconsistent. For 

Figure 2. Distribution of PNC and NLR. Distribution of PNC according to (A) chemotherapeutic response and (B) overall response. Distribution of NLR 
according to (C) chemotherapeutic response and (D) overall response. PR, partial response; SD, stable disease; CR, complete response. *P<0.01 and **P<0.001.

Figure 3. Distribution of pretreatment neutrophil count in (A) NSCLC and (B) SCLC. NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer. 
**P<0.001.
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example, Van Glabbeke et al (34) identified that elevated PNC 
was correlated with chemoresistance in GIST. An additional 
study demonstrated that a normal neutrophil ratio was inde-
pendently associated with the response to chemotherapy in 
SCLC (41). Previous research also demonstrated that NLR 
was correlated with chemotherapeutic response (33,42). 
Conversely, Eryilmaz et al (43) demonstrated no significant 

association between CR and NLR levels. In the present study, 
it was confirmed that PNC and NLR were significant predic-
tors of chemotherapeutic response. Notably, PNC presented 
an increased sensitivity value, compared with NLR and PLR, 
for predicting chemoresistance. Therefore, PNC has the poten-
tial to function as a novel and powerful factor for predicting 
chemotherapeutic efficacy in lung cancer.

Table II. Cox proportional hazard's analyses.

 Univariate Multivariate 
 ---------------------------------------------------------------------- --------------------------------------------------------------------
Characteristics HR (95% CI) P‑value HR (95% CI) P‑value

Sex    
  Female 1 (ref.) 0.253 - -
  Male 1.145 (0.908‑1.444)  ‑ 
Age (years)    
  >65 1 (ref.) 0.837 - -
  ≤65 1.024 (0.817‑1.283)  ‑ 
Smoking status    
  Current smokers 1 (ref.) 0.783 - -
  Non-smokers 0.941 (0.748-1.183)  - 
  Ex‑smokers 1.056 (0.750‑1.487)  ‑ 
NLR levels    
  Low 1 (ref.) 0.020a - -
  High 1.288 (1.041-1.594)  - 
Circulating neutrophil levels    
  Low 1 (ref.) <0.001a 1 0.011a

  High 1.487 (1.200-1.841)  1.326 (1.066-1.650) 
Overall response    
  CR+PR 1 (ref.) <0.001a 1 <0.001a

  SD+PD 2.349 (1.878-2.939)  2.146 (1.707-2.698) 
Clinical stage    
  Stage III 1 (ref.) <0.001a 1 0.001a

  Stage IV 1.537 (1.241-1.904)  1.454 (1.172-1.803) 

aP<0.05; ‑, not included in the final step of multivariate analysis; CI, confidence interval; HR, hazard ratio; NLR, neutrophil‑lymphocyte ratio; 
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. P-values were calculated using χ2 test.

Figure 4. Kaplan‑Meier curves show PFS according to (A) the pretreatment neutrophil count and (B) the NLR. PFS, progression‑free survival. *P<0.05 
and**P<0.001.
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Hematological inflammatory cells are indispensable 
components of the tumor microenvironment, which is analo-
gized to ‘soil supporting the growth of plants’, to support tumor 
progression and chemoresistance (8,15). Firstly, tumor‑infil-
trating neutrophils (TINs), the most important ‘fertilizers’ in 
the ‘soil’ (8,15), lose their conventional antitumor character-
istics and acquire a pro-tumor phenotype in the presence of 
transforming growth factor-β (TGF-β) (44). In our previous 
study, TIN count was revealed to serve as a prognostic factor 
and to promote epithelial‑mesenchymal transition (EMT) in 
esophageal cancer (45), which may be a key process involved 
in regulating chemoresistance in malignant tumors (46-48). 
However, TIN is not a conventional indicator for detection due 
to difficulty in its measurement. Furthermore, PNC is largely 
recruited via chemoattractant mediators, including chemo-
kines, lipids, complement anaphylotoxins and N‑formylated 
peptides into tumor microenvironment, and then is converted 
into TIN (49). PNC is correlated with TIN in quantitative 
terms (27); therefore, PNC can indirectly reflect and influ-
ence the chemotherapeutic response. Elevated PNC can 
stimulate upregulation of cytokines and chemokines (13), and 
this confers cancer cells with acquired resistance to chemo-
therapeutic drugs (8,50,51). These possible mechanisms are 
consistent with the present results: Elevated PNC is signifi-
cantly associated with a poor chemotherapeutic response and 
poor prognosis in patients with advanced lung cancer. NLR is 
the ratio of the PNC to the pretreatment lymphocyte count, and 
therefore the association between high NLR and poor chemo-
therapeutic response, as revealed in the present study, may 
indicate that chemoresistance is associated with neutrophilia. 
However, lymphocytes destroy not only invading pathogens 
but also malignancies, via the induction of cytotoxic death. 
A consequential decrease in the lymphocyte count may lead 
to a weaker immune reaction against cancer cells (15,52). 
Additionally, neutrophilia suppresses lymphocyte activity 
by releasing reactive oxygen species (ROS), nitric oxide 
(NO) and arginase (23), therefore hindering the antitumor 
immune response (21). As established, systemic inflam-
mation associated immune suppression is the predominant 
non-tumor-cell-intrinsic mechanism of chemoresistance (8). 
The present study demonstrated that individuals in the high 
NLR group have an increased risk of experiencing a poor 
response to chemotherapy and a poor PFS time. Finally, PLR 
(the ratio of platelets to lymphocytes,) was not significantly 
associated with chemotherapeutic response in the present 
study, despite two previous studies obtaining the opposite 
results (28,53).

In the study, the associations between common inflam-
matory indexes and the chemotherapeutic response and 
clinicopathological parameters, in addition the outcome of 
patients with stage III or IV unresectable lung cancer, were 
investigated. PLR failed to indicate a statistically significant 
result. According to previous studies, high PNC and NLR 
were associated with poor PFS and a lower rate of response 
to chemotherapy. The novel and notable finding from 
this data that may have practical implications is that high 
PNC exhibits a higher overall response and HR than NLR. 
Furthermore, significant distributional differences in PNC 
were identified in the different chemotherapy response groups 
and overall response groups, whereas the NLR distribution 

did not significantly differ. This indicates that PNC may be 
more powerful and sensitive in predicting chemotherapeutic 
response. This may be due to the superior sensitivity of 
neutrophils for indicating inflammatory states, and their direct 
participation in cancer‑associated inflammatory microenvi-
ronments. An additional reason may be that different ages, 
tumor stages and histopathological phenotypes correspond 
with different immune responses, and therefore hematological 
data varies.

Additionally, the PNC distribution according to overall 
response was also examined in different histopathological 
subtypes. The results revealed that the significant differences 
in distribution were universal in NSCLC and SCLC, despite 
the differences between the two in terms of biological proper-
ties and therapeutic measures.

The major limitations of the present study are as follows: 
First, numerous individuals were excluded due to incomplete 
data or the unsuccessful completion of follow-up, which may 
have led to selective bias; second, patients with different types of 
lung cancer exhibited different immune responses and different 
inflammatory states, and a stratified analysis of each subtype 
was not conducted; third, this study failed to investigate more 
inflammatory indexes, such as the Glasgow prognostic score 
(GPS); furthermore, conclusions were solely drawn from the 
objective clinical data, as it was beyond the scope of our study to 
elucidate the mechanism of association between inflammation 
and chemoresistance. The combined aforementioned limitations 
suggest that the results require validation in additional indepen-
dent cohorts of patients with specific lung cancer types, ideally 
through large-scale prospective clinical studies.

In summary, the present study indicated that PNC and 
NLR were clinically important predictors of chemothera-
peutic response in patients with stage III and IV unresectable 
lung cancer who received chemotherapy as first‑line treatment. 
Additionally, PNC represents a more robust indicator for 
chemoresistance compared with other inflammatory indexes. 
This study has the potential to provide a highly reproducible, 
easily obtainable, inexpensive, reliable and practical index 
for predicting chemotherapeutic efficacy, and to facilitate 
the administration of therapy in patients with a high PNC 
in order to reach an improved chemotherapeutic response, 
thereby enhancing the long-term outcomes for patients with 
unresectable lung cancer. However, the potential underlying 
mechanisms and the performance of PNC in clinical practice 
should be validated in further prospective studies.
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