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Background: Inflammation plays a vital role in tumor growth and progression and can be affected by 
radiotherapy (RT) and chemotherapy. We sought to investigate the prognostic significance of neutrophil-
to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR), and their associations with dosimetric 
factors in locally advanced non-small cell lung cancer (LA-NSCLC).
Methods: In this retrospective study, subjects consisted of 244 patients who had received definitive RT 
± chemotherapy for LA-NSCLC between 2012 and 2016. Absolute lymphocyte count (ALC), NLR and 
PLR recorded at pretreatment, during RT and post-RT were analyzed. Multivariable analysis (MVA) was 
performed to correlate clinical factors and inflammatory biomarkers with progression-free survival (PFS) and 
overall survival (OS) using a Cox regression model. Relationships between NLR or PLR with OS and PFS 
were evaluated with Kaplan-Meier analysis and compared with log-rank test results. Multiple stepwise linear 
regression was used to assess the associations between dosimetric factors and NLR or PLR.
Results: The median PFS and OS for all patients were 8.6 and 15.8 months, respectively. On MVA for PFS 
and OS, higher 1-month post-RT start NLR [hazard ratio (HR) 1.049; 95% CI: 1.018–1.080; P=0.001] or 
higher 1-month post-RT start PLR (HR 1.001; 95% CI: 1.000–1.002; P<0.001) was associated with inferior 
PFS. Higher 1-month post-RT start NLR (HR 1.040; 95% CI: 1.013–1.069; P=0.004) or PLR (HR 1.001; 
95% CI: 1.001–1.002; P<0.001) was also an independent predictor of OS. ALCmin, baseline NLR and 
PLR were not associated with treatment outcomes. Multiple stepwise linear regression analysis confirmed 
that baseline NLR (P<0.001), heart V20 (P<0.001), heart V40 (P<0.001), and mean body dose (MBD) were 
significantly associated with 1-month post-RT start NLR. Also, baseline PLR (P<0.001) and MBD (P<0.001) 
were significantly associated with 1-month post-RT start PLR. 
Conclusions: Higher NLR and PLR during treatment were associated with worse patient outcomes, and heart 
dose or body dose was correlated with NLR or PLR in advanced NSCLC patients treated with definitive RT.
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Introduction

Locally advanced non-small cell lung cancer (NSCLC) 
(stage III) accounts for approximately 20–25% of patients 
with NSCLC at diagnosis (1). The main progress of the 
treatment for NSCLC includes immunotherapy and 
targeted therapy. Historically, the standard treatment 
for  pat ients  wi th  unresectab le  loca l ly  advanced 
NSCLC (LA-NSCLC) was platinum-based concurrent 
chemoradiotherapy (2). However, prognosis has been poor, 
with a 5-year overall survival (OS) rate ranging from 15% 
to 25%, and the median OS time only 17–24 months (3,4). 
Durvalumab, an anti-programmed death ligand 1 (PD-L1) 
antibody, has been used in patients who have completed 
concurrent chemoradiation for inoperable LA-NSCLC. 
The immunotherapy after concurrent chemoradiation has 
been shown to significantly increase the tumor response 
rate, progression-free survival, and OS (5). Currently, 
durvalumab has become standard treatment for inoperable 
LA-NSCLC. The 2019 American Society of Clinical 
Oncology (ASCO) Annual Conference, revealed that 
the 36-month OS rate was 57% in patients who received 
durvalumab as consolidation therapy after concurrent 
chemoradiation (6). Therefore, studying changes in 
inflammatory biomarkers during concurrent chemoradiation 
might be useful for optimizing the implementation of 
radiotherapy (RT) in the immunotherapy era.

Emerging evidence has indicated that systemic 
inflammation plays a vital role in the development and 
progression of many solid tumors (7,8). The systemic 
inflammation, as determined by parameters such as 
lymphocytes, neutrophil-to-lymphocyte ratio (NLR), 
and platelet-to-lymphocyte ratio (PLR), correlate with 
prognosis in many malignancies, including NSCLC (9-13). 
For example, in lung cancer, elevated pretreatment NLR 
and PLR are associated with poor survival in patients with 
advanced NSCLC, especially for unresectable patients (14). 
However, there are relatively few studies on the correlation 
between the dynamic changes of these prognostic 
biomarkers and clinical outcomes.

Radiation is known to induce immunosuppression via 
direct destruction of mature circulating lymphocytes (15).  
Many researchers have explored radiation-induced 
lymphopenia in a variety of carcinomas (16,17). Dosimetric 
analyses in NSCLC have demonstrated that lymphopenia is 
associated with lung V5 and gross tumor volume (GTV) (9). 
Since a large volume of blood circulates through the heart 
during thoracic radiation, we hypothesized that heart dose 

might be a predictive parameter of NLR and PLR during 
treatment. Fang et al. demonstrated that in patients with 
esophageal cancer, mean body dose (MBD) was inversely 
correlated with lymphocyte nadir (18). Therefore MBD 
may also be a predictive parameter of NLR and PLR during 
treatment. At present, no studies investigate the correlation 
between MBD and NLR or PLR during treatment in LA-
NSCLC. 

In this retrospective study, we present our investigation 
of patients with LA-NSCLC who received definitive 
radiation, and the impact of NLR and PLR during 
treatment on clinical outcomes. We further investigated 
the correlation between heart dose, MBD, NLR, and 
PLR during treatment. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/tlcr-20-831).

Methods

Patients 

NSCLC patients treated with definitive RT with or 
without chemotherapy from 2012 to 2016 at Shanghai 
Chest Hospital were retrospectively reviewed. Inclusion 
criteria included: pathologic confirmation of NSCLC with 
clinical stage III disease according to the TNM criteria of 
NSCLC (Union for International Cancer Control, eighth 
edition), receipt of a total radiation dose of at least 50 Gy, 
documentation of RT dosimetric data and pretreatment 
and 1-month post-RT start complete blood counts (CBCs) 
(defined as the blood count obtained one month after 
the RT start). Exclusion criteria consisted of receipt of 
epidermal growth factor receptor tyrosine kinase inhibitor 
(EGFR-TKI) or anaplastic lymphoma kinase tyrosine kinase 
inhibitor (ALK-TKI) as neoadjuvant or adjuvant therapy for 
RT, having an autoimmune disease, dying within 4 weeks 
after completion of RT. 

Data collection and follow-up 

Patient characteristics and CBCs data were obtained from 
electronic medical records. RT dose, GTV, MBD, heart, 
and lung dose were collected directly from the treatment 
plans for the patients. Variables from blood count included 
absolute lymphocyte count (ALC), NLR, and PLR. 
The most recent blood count before the initial point of 
commencement of definitive treatment (RT, chemotherapy, 
or both) was defined as baseline count. The 1-month post-
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RT count was defined as RT count obtained one month 
after the completion of RT. The NLR was calculated by 
dividing the absolute neutrophil count by the ALC (NLR 
= absolute neutrophil count/absolute lymphocyte count), 
and the PLR was calculated as the absolute platelet count 
divided by the ALC (PLR = absolute platelet count/absolute 
lymphocyte count). The ALCmin was defined as the 
minimum ALC during treatment. 

Follow-up data was obtained retrospectively through 
the electronic medical records according to the standard 
practice of the disease. After treatment, patients were 
followed up every 3 months for the first 2 years, every  
6 months from 3 to 5 years, and after that annually. The 
physician follow-up included clinical assessments, thoracic 
computed tomography (CT) scans, abdomen B-ultrasound 
examination, and other examinations as needed. Additional 
imaging, including brain magnetic resonance imaging 
(MRI), was obtained based on symptoms. The time of 
subsequent EGFR-TKI or ALK-TKI therapy for patients 
with the progressive disease was recorded. Patient follow-
up was updated and censored on September 12, 2019. 

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the institutional review board of Shanghai Chest Hospital 
(No. KS1716). Because of the study’s retrospective nature, 
the need for written informed consent was waived.

Statistical methods

OS was measured from RT start to the date of death from 
any cause or the last follow-up date. Progression-free 
survival (PFS) was defined as from RT start to the date of 
tumor progression or the date of death from any cause or 
the date of the last follow-up. In the OS estimation, patients 
who received EGFR-TKI or ALK-TKI for progressive 
diseases during follow-up were censored at the time of 
TKI initiation. Cox regression analysis was used to detect 
associations of different factors with PFS and OS. Variables 
significant on univariate analysis were then entered into 
multivariate analysis. OS and PFS rates were estimated 
with the Kaplan-Meier method. The significance of 
survival estimate differences was tested by the log-rank test. 
Univariate simple linear regression analysis was performed 
to find the associations of variables with 1-month post-RT 
start NLR and PLR. Stepwise multivariate linear regression 
was performed to assess the influence of variables significant 
on univariate analysis of 1-month post-RT start NLR and 

PLR. Hazard ratios (HRs) and regression coefficient were 
reported with a 95% confidence interval (CI). Variables with 
P<0.05 were considered statistically significant. Statistical 
analyses were performed with SPSS statistical software, 
version 19. 

Results 

Patient characteristics 

Records for a total of 436 patients with locally advanced 
NSCLC received a total radiation dose of at least 50 Gy 
were identified for this study. Of these patients, 41 were 
excluded from receiving EGFR-TKI or ALK-TKI as 
neoadjuvant or adjuvant therapy for RT. Of the remaining 
395 patients, 279 patients had both pretreatment and 
1-month post-RT start CBCs. Then 35 patients were 
excluded owing to the loss of documentation of RT 
dosimetric data. Finally, 244 patients were included in this 
study. Baseline characteristics of the patient, tumor, and 
treatment are listed in Table 1. The majority of patients were 
male (87%) with squamous cell carcinoma (59%). Tumors 
were most often T2 (39%), with N2 (64%) nodal status. 
The prescribed radiation dose exceeding or equal to 60 Gy 
was used in 206 (84%) patients. Chemotherapy was given 
either sequentially or concurrently with RT in 233 (95%) 
patients. Eleven (5%) patients were treated with RT alone 
due to comorbidities or patient refusal. A total of 115 (47%) 
patients received concurrent chemoradiation, and sequential 
chemoradiation was used in 118 (48%) patients. The median 
follow-up time for all patients was 15.5 months (range, 
1.9–83.5 months), while for patients who did not experience 
an event, it was 42.4 months (range, 2.3–81.3 months).  
The estimated median OS was 15.8 months (95% CI: 13.9–
17.7 months), and the estimated PFS was 8.6 months (95% 
CI: 7.1–10.0 months). 

Inflammatory biomarkers during RT

During RT, ALC declined each week and generally reached 
a plateau by the end of RT in all patients. However, the 
ALC tended to recover 1-month after the completion of 
RT. Conversely, the NLR and PLR increased each week 
of RT and also recovered 1-month after the completion 
of RT (Figure S1). Median baseline ALC, NLR, and PLR 
were 1,600 cells/mm3, 3.2, 155.2, respectively. Median pre-
RT ALC, NLR, and PLR were 1,600 cells/mm3, 3.2, 155.2, 
respectively. The median ALC declined to 1,000, 700, 700, 
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Table 1 (continued)

Patient characteristics (n=244) Median (range or %)

Middle lobe 35 (14)

Lower lobe 56 (23)

Position

Right 116 (48)

Left 128 (52)

T stage

T1 42 (17)

T2 95 (39)

T3 46 (19)

T4 61 (25)

N stag

N0 6 (3)

N1 10 (4)

N2 157 (64)

N3 71 (29)

Gross tumor volume [cc] 125 [10–707]

Prescribed dose (Gy)

<60 38 (16)

≥60 206 (84)

RT mode

RT alone 11 (5)

Sequential RT 118 (48)

Concurrent RT 115 (47)

Number of chemotherapies 4 [0–18]

ECOG PS, Eastern Cooperative Oncology Group Performance 
Status; CCI, Charlson Comorbidity Index; NOS, not otherwise 
specified; RT, radiotherapy.

Table 1 Baseline patient, tumor, and treatment characteristics

Patient characteristics (n=244) Median (range or %)

Age, years 61 [22–78]

Gender

Male 213 (87)

Female 31 (13)

Family history

No 226 (93)

Yes 18 (7)

ECOG PS 

0 20 (8)

1 222 (91)

2 2 (1)

CCI, excluding lung cancer 2 (0–7)

Smoking index

<200 86 (35)

≥200 158 (65)

Weight loss (6 mon)

<5% 234 (96)

≥5% 10 (4)

Histology

Squamous 145 (59)

Adenocarcinoma 77 (32)

NOS 22 (9)

Location

Central 141 (58)

Peripheral 103 (42)

Lung lobe

Upper lobe 153 (63)

Table 1 (continued)

600, and 500 cells/mm3 from week 1 to 5, respectively. The 
median NLR increased to 4.1, 4.4, 5.6, 6.4, and 6.4 from 
week 1 to 5, respectively. The median PLR increased to 
196.3, 233.4, 301.7, 308.0, and 326.7 from week 1 to 5, 
respectively. At 1-month after RT completion, the median 
ALC, NLR, and PLR were 1,000 cells/mm3, 3.8, and 207.9, 
respectively. 

Factors that influence patient outcomes 

Factors that influence OS and PFS on univariate and 
multivariate analyses are summarized in Tables 2 and 3. In 
univariate analysis, T stage, larger GTV, elevated 1-month 
post-RT start NLR, elevated 1-month post-RT start PLR, 
MBD, and both heart and lung dosimetric variables were 
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Table 2 Univariate and multivariate analysis of factors potentially associated with PFS

Characteristics
Univariate Multivariate (model 1 NLR) Multivariate (model 2 PLR) 

HR 95% CI P HR 95% CI P HR 95% CI P

Age 0.995 0.980–1.011 0.538 NI NI

Male vs. female 0.835 0.547–1.272 0.401 NI NI

ECOG PS 0.890 0.542–1.461 0.645 NI

CCI ≥4 0.660 0.325–1.340 0.250 NI

Smoking index NI NI

<200 Ref

≥200 0.829 0.618–1.113 0.212

Weight loss ≥5% 0.827 0.407–1.679 0.599 NI

Histology NI NI

Squamous Ref

Adenocarcinoma 0.884 0.649–1.205 0.436

NOS 1.150 0.699–1.891 0.582

T stage 1.230 1.075–1.408 0.003 – – 0.279 – – 0.137

N stage 1.043 0.808–1.348 0.745 NI NI

GTV (cc) 1.003 1.002–1.004 <0.001 1.002 1.001–1.003 0.001 – – 0.282

Prescribed dose (Gy) NI NI

<60 Ref

≥60 0.821 0.565–1.194 0.302

Concurrent 0.664 0.501–0.879 0.004 0.649 0.490–0.860 0.003 0.632 0.477–0.838 0.001

Number of chemo 1.000 0.946–1.057 0.995 NI

Baseline ALC 0.868 0.670–1.124 0.283 NI NI

1-month ALC 0.514 0.322–0.821 0.005 – – 0.488 – – 0.897

1-month post-RT ALC 0.824 0.574–1.184 0.295 NI NI

ALCmin 0.575 0.317–1.040 0.067 NI – –

Baseline NLR 1.055 0.994–1.120 0.079 NI – – 0.963

1-month NLR 1.061 1.034–1.090 <0.001 1.049 1.018–1.080 0.001 NI

1-month post-RT NLR 1.006 0.966–1.049 0.764 NI NI

Baseline PLR 1.002 1.000–1.004 0.052 NI – – 0.650

1-month PLR 1.002 1.001–1.002 <0.001 NI 1.001 1.000–1.002 <0.001

1-month post-RT PLR 1.000 0.999–1.001 0.514 NI NI

Mean heart dose 1.000 1.000–1.000 0.007 – – 0.075 – – 0.309

Heart V5 (%) 1.006 1.001–1.010 0.017 – – 0.124 – – 0.396

Heart V20 (%) 1.010 1.004–1.017 0.002 – – 0.054 – – 0.200

Heart V40 (%) 1.012 1.003–1.022 0.014 – – 0.142 – – 0.504

Mean lung dose 1.001 1.000–1.001 0.011 – – 0.253 – – 0.633

Lung V5 (%) 1.021 1.006–1.036 0.007 – – 0.409 – – 0.700

Lung V20 (%) 1.044 1.014–1.075 0.004 – – 0.111 – – 0.232

Mean body dose 1.002 1.001–1.002 <0.001 – – 0.081 1.001 1.001–1.002 <0.001

PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; NI, not included in the multivariate model; ECOG PS, Eastern 
Cooperative Oncology Group Performance Status; CCI, Charlson Comorbidity Index; NOS, not otherwise specified; GTV, gross tumor 
volume; chemo, chemotherapy; ALC, absolute lymphocyte counts; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; 
VX, the proportion of volume receiving at least X Gy.
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Table 3 Univariate and multivariate analysis of factors potentially associated with OS

Characteristics
Univariate Multivariate (model 1 NLR) Multivariate (model 2 PLR) 

HR 95% CI P HR 95% CI P HR 95% CI P

Age 0.998 0.982–1.013 0.770 NI NI

Male vs. female 0.822 0.543–1.243 0.352 NI NI

ECOG PS 1.268 0.725–2.220 0.405 NI NI

CCI ≥4 0.786 0.403–1.536 0.482 NI NI

Smoking index NI NI

<200 Ref

≥200 0.902 0.672–1.210 0.491

Weight loss ≥5% 1.154 0.568–2.344 0.692 NI NI

Histology NI NI

Squamous Ref

Adenocarcinoma 0.776 0.566–1.064 0.115

NOS 0.919 0.553–1.528 0.744

T stage 1.280 1.115–1.468 <0.001 – – 0.089 – – 0.081

N stage 1.001 0.787–1.274 0.992 NI NI

GTV (cc) 1.003 1.002–1.005 <0.001 1.003 1.002–1.004 <0.001 1.002 1.001–1.004 <0.001

Prescribed dose (Gy) NI NI

<60 Ref

≥60 0.794 0.546–1.155 0.227

Concurrent 0.745 0.562–0.989 0.042 – – 0.056 – – 0.092

Number of chemo 0.988 0.929–1.051 0.702 NI NI

Baseline ALC 0.883 0.688–1.135 0.883 NI NI

1-month ALC 0.461 0.280–0.758 0.002 – – 0.680 – – 0.952

1-month post-RT ALC 0.950 0.658–1.370 0.783 NI NI

ALCmin 0.444 0.237–0.832 0.011 – – 0.925 – – 0.794

Baseline NLR 1.082 1.018–1.150 0.012 – – 0.685 – – 0.524

1-month NLR 1.065 1.039–1.092 <0.001 1.040 1.013–1.069 0.004 NI

1-month post-RT NLR 0.985 0.935–1.038 0.581 NI NI

Baseline PLR 1.002 1.000–1.004 0.048 – – 0.604 – – 0.987

1-month PLR 1.002 1.001–1.002 <0.001 NI 1.001 1.001–1.002 <0.001

1-month post-RT PLR 1.000 0.999–1.001 0.904 NI NI

Mean heart dose 1.000 1.000–1.000 <0.001 – – 0.975 – – 0.611

Heart V5 (%) 1.009 1.004–1.014 <0.001 1.007 1.002–1.011 0.004 – – 0.721

Heart V20 (%) 1.014 1.008–1.021 <0.001 – – 0.693 1.010 1.003–1.017 0.003

Heart V40 (%) 1.018 1.008–1.028 <0.001 – – 0.770 – – 0.269

Mean lung dose 1.001 1.001–1.002 <0.001 – – 0.273 – – 0.162

Lung V5 (%) 1.032 1.017–1.047 <0.001 – – 0.461 – – 0.248

Lung V20 (%) 1.062 1.031–1.094 <0.001 – – 0.101 – – 0.055

Mean body dose 1.002 1.001–1.003 <0.001 – – 0.603 – – 0.686

OS, overall survival; HR, hazard ratio; CI, confidence interval; NI, not included in the multivariate model; ECOG PS, Eastern Cooperative 
Oncology Group Performance Status; CCI, Charlson Comorbidity Index; NOS, not otherwise specified; GTV, gross tumor volume; chemo,  
chemotherapy; ALC, absolute lymphocyte counts; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; VX, the  
proportion of volume receiving at least X Gy.
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significantly associated with worse PFS and OS. Also, 
concurrent chemotherapy and higher 1-month post-
RT start ALC were significantly associated with better 
PFS and OS, while ALCmin, baseline NLR, and baseline 
PLR were only significantly associated with OS. Because 
NLR and PLR had strong collinearity, they could not be 
tested simultaneously, so they were tested separately in 
multivariate analysis. 

In the two multivariable modes, higher 1-month post-
RT start NLR (PFS: HR 1.049, P=0.001; OS: HR 1.003, 
P<0.001) and PLR (PFS: HR 1.001, P<0.001; OS: HR 
1.001, P<0.001) were independent prognostic factors for 
worse PFS and OS. Also, larger GTV and increasing MBD 

were significantly associated with worse PFS (P<0.05), and 
larger GTV and increasing heart V5 or heart V20 were 
significantly associated with worse OS (P<0.05). Survival 
curves are shown stratified into tertiles to illustrate the 
effects of 1-month post-RT start NLR and PLR on OS 
and PFS. The OS and PFS progressively diminished with 
higher NLR and PLR, respectively (Figure 1). 

Factors associated with post-RT NLR and PLR 

The results of univariate and multivariate linear regression 
associating factors with 1-month post-RT start NLR and 
PLR are summarized in Tables 4 and 5. T stage, log10 (GTV), 

Figure 1 Kaplan-Meier curves for (A,B) OS and (C,D) PFS. (A,C) Patients are stratified by NLR (neutrophil to lymphocyte ratio) at 1-month 
post-RT start tertiles. (B,D) Patients are stratified by PLR (platelet to lymphocyte ratio) at 1-month post-RT start tertiles. NLR, neutrophil 
to lymphocyte ratio; PLR, platelet to lymphocyte ratio; OS, overall survival; PFS, progression-free survival.
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Table 4 Univariate and multivariate linear regression associating variables with 1-month NLR

Characteristics
Univariate Multivariate

β 95% CI P β 95% CI P

Age – – 0.122 NI

Male vs. female – – 0.490 NI

CCI ≥4 – – 0.584 NI

T stage 0.880 0.245–1.515 0.007 – – 0.346

N stage – – 0.990 NI

Log10GTV 5.427 3.524–7.330 <0.001 – – 0.084

Prescribed dose (Gy) – – 0.457 NI

Concurrent – – 0.741 NI

Baseline count 0.750 0.447–1.053 <0.001 0.655 0.378–0.933 <0.001

Mean heart dose 0.001 0.000–0.001 <0.001 – – 0.273

Heart V5 (%) 0.043 0.021–0.065 <0.001 – – 0.127

Heart V20 (%) 0.066 0.035–0.097 <0.001 0.150 0.082–0.218 <0.001

Heart V40 (%) 0.065 0.016–0.115 0.010 −0.202 −0.308–0.096 <0.001

Mean lung dose 0.004 0.001–0.006 0.004 – – 0.602

Lung V5 (%) 0.135 0.071–0.199 <0.001 – – 0.591

Lung V20 (%) 0.181 0.055–0.308 0.005 – – 0.992

Mean body dose 0.010 0.007–0.013 <0.001 0.008 0.005–0.012 <0.001

NLR, neutrophil to lymphocyte ratio; β, standardized coefficient; CI, confidence interval; NI, not included in the multivariate model; CCI, 
Charlson Comorbidity Index; GTV, gross tumor volume; VX, the proportion of volume receiving at least X Gy. 

baseline NLR, MBD, and heart and lung dosimetric 
variables were significantly associated with 1-month post-
RT start NLR on univariate simple linear regression. 
However, stepwise multivariate linear regression identified 
only 4 factors significantly associated with 1-month post-
RT start NLR: baseline NLR (β=0.655, P<0.001), heart 
V20 (β=0.150, P<0.001), heart V40 (β=−0.202, P<0.001), 
and MBD (β=0.008, P<0.001). T stage, log10 (GTV), 
baseline PLR, and heart and lung dosimetric variables were 
significantly associated with 1-month post-RT start PLR on 
univariate simple linear regression. With multiple stepwise 
linear regression analysis, baseline PLR (β=0.975, P<0.001) 
and MBD (β=0.407, P<0.001) were significant factors 
associated with 1-month post-RT start PLR. 

Subgroup analysis of patients receiving RT without 
concurrent chemotherapy

Because chemotherapy can also affect the NLR and PLR, we  

further performed a subgroup analysis of patients receiving 
RT without concurrent chemotherapy. In multivariate cox 
analysis, 1-month post-RT start NLR (P<0.05) and PLR 
(P<0.05) were still independent prognostic factors for PFS 
and OS (Tables S1,S2). In multivariate linear regression 
analysis, baseline count (P<0.001) and MBD (P<0.001) were 
significantly associated with 1-month post-RT start NLR 
and PLR (Tables S3,S4). 

Discussion 

Our study demonstrated that radiation for LA-NSCLC 
could dramatically reduce the lymphocyte count and 
increase the NLR and PLR during RT. Higher 1-month 
post-RT start NLR or PLR, but not baseline or 1-month 
post-RT, was correlated with worse PFS and OS. This 
relationship held on multivariate analysis when controlling 
for common patient demographic, treatment, and tumor 
characteristics. Multiple stepwise regression analysis 
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confirmed that baseline NLR, heart V20, V40, and MBD 
were correlated significantly with 1-month post-RT start 
NLR. Also, baseline PLR and MBD were significantly 
associated with 1-month post-RT start PLR. Subgroup 
analysis of patients receiving RT without concurrent 
chemotherapy also demonstrated that 1-month post-RT 
start NLR and PLR were independent prognostic factors 
for PFS and OS. Baseline count and MBD were also 
correlated with 1-month post-RT start NLR and PLR.

Accumulating evidence shows that inflammation and 
immune response are essential stimulators for cancer 
initiation, progression, and prognosis (19,20). Lymphocytes 
could inhibit tumor cell proliferation and migration by 
secreting various cytokines (21). However, research has 
indicated that neutrophils induced by transforming growth 
factor-β (TGF-β) dominate the immune cell composition in 
NSCLC and influence the cytolytic activity of lymphocytes 
or natural killer cells (22,23). Thus, increased neutrophil 
counts are associated with a poor prognosis. It has been 

reported that platelets could release vascular endothelial 
growth factor (VEGF) and other cytokines to activate 
angiogenesis, associated with tumor metastasis and poor 
prognosis (24). There have been numerous studies on the 
prognostic potential of NLR and PLR in various solid 
tumors. Two meta-analyses have found that high NLR and 
PLR are associated with worse OS and PFS in NSCLC 
of different stages and treatment (13,25). Our study also 
revealed that patients with elevated NLR or PLR were 
more likely to have worse OS and PFS.

Baseline count, heart V20, V40, or MBD was significantly 
associated with 1-month post-RT start NLR or PLR in 
our cohort. Similarly, other studies have identified that 
heart V50 >25% were significantly associated with an NLR 
>10.5 4 months post-RT (26). Tang et al. demonstrated 
that a higher volume of lung tissue receiving 5 Gy and 
higher GTV were significant predictors of lymphocyte 
nadir (9). Peripheral lymphocytes are known to be the most 
radiosensitive cells despite mitotic inactivity with a D50 as 

Table 5 Univariate and multivariate linear regression associating variables with 1-month PLR

Characteristics
Univariate Multivariate

β 95% CI P β 95% CI P

Age – – 0.622 NI

Male vs. female – – 0.649 NI

CCI ≥4 – – 0.789 NI

T stage 35.506 8.895–62.118 0.009 – – 0.886

N stage – – 0.838 NI

Log10GTV 252.969 174.562–331.375 <0.001 – – 0.534

Prescribed dose (Gy) – – 0.930 NI

Concurrent – – 0.430 NI

Baseline count 1.078 0.744–1.412 <0.001 0.975 0.665–1.285 <0.001

Mean heart dose 0.049 0.021–0.078 0.001 – – 0.797

Heart V5 (%) 1.571 0.653–2.489 0.001 – – 0.852

Heart V20 (%) 2.312 0.987–3.636 0.001 – – 0.813

Heart V40 (%) 2.726 0.648–4.803 0.010 – – 0.795

Mean lung dose 0.119 0.018–0.220 0.022 – – 0.638

Lung V5 (%) 4.147 1.431–6.863 0.003 – – 0.704

Lung V20 (%) 5.494 0.158–10.829 0.044 – – 0.693

Mean body dose 0.446 0.315–0.578 <0.001 0.407 0.284–0.530 <0.001

PLR, platelet to lymphocyte ratio; β, standardized coefficient; CI, confidence interval; NI, not included in the multivariate model; CCI, 
Charlson Comorbidity Index; GTV, gross tumor volume; VX, the proportion of volume receiving at least X Gy.
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low as 2 Gy (27). Yovino et al. found that a single radiation 
fraction delivered 0.5 Gy exposure to 5% of circulating 
cells. What is more, after the course of 30 fractions, 99% 
of circulating cells would receive more than 0.5 Gy (28). 
Likewise, we found that after 18–30 fractions of radiation, 
ALC tended to decline. Others found that reducing RT 
treatment volumes in glioblastoma was associated with 
less lymphopenia (29). Research has also demonstrated 
that the integral body dose was negatively correlated with 
post-treatment ALC (30). Therefore we could reasonably 
extrapolate that the use of SBRT or proton may minimize 
the heart dose and body dose, reducing the adverse effect of 
radiation on NLR or PLR.

The results of the PACIFIC trial show that treatment 
with adjuvant immunotherapy following definitive 
chemoradiation results in a significant improvement in PFS 
and OS for LA-NSCLC (5). This trial warrants further 
prospective research on the anti-tumor immune response 
after radical RT. Retrospective studies have demonstrated 
that elevated pretreatment NLR and PLR are associated 
with shorter OS and PFS and with lower response rates in 
patients with metastatic NSCLC treated with nivolumab 
independently of other prognostic factors (31). Also, it 
has been shown that increased NLR and PLR values  
6 weeks after baseline are associated with shorter OS and 
PFS in patients who have advanced cancer treated with 
immunotherapy (32). While our findings were in agreement 
with these previous studies, we demonstrated for the first 
time that increased 1-month post-RT start NLR and PLR 
are associated with worse PFS and OS. 

There are several limitations to this study. First, this 
was a retrospective study in a single tertiary academic 
center with selection bias and loss of laboratory value 
measurements. Therefore, a large sample multicenter 
clinical study or external validation should be performed in 
the future. Also, we only studied the prognostic association 
between baseline, 1-month post-RT start, or 1-month post-
RT completion inflammatory biomarkers with clinical 
outcomes. Other variables that illustrate more delicate 
descriptions of inflammatory biomarkers change, including 
subpopulations, should be investigated and might be more 
predictive. 

Conclusions

In this study, we have demonstrated for the first time a 
significant association between heart V20, V40 or MBD 
and 1-month post-RT start NLR or PLR, in addition to 

confirming the prognostic effect of 1-month post-RT 
start NLR and PLR on multivariate analysis in advanced 
NSCLC treated with definitive RT, taking into account the 
mutation of EGFR and ALK rearrangements.
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