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A B S T R A C T

Objective: Inflammation plays critical roles in tumor growth and progression, and can be adversely affected by
chemotherapy and radiotherapy. However, there have been few studies on the prognostic value of delta (Δ)
inflammatory biomarkers before and after chemoradiotherapy in patients with locally advanced non-small cell
lung cancer (LA-NSCLC).
Methods: In this study, pre/post-treatment and Δ inflammatory biomarkers of 370 patients who were diagnosed
as having inoperable LA-NSCLC in Shandong Cancer Hospital between January 2005 and January 2016 were
analyzed. Nomograms were then established for predicting prognosis.
Results: Median overall survival (OS) and progression free survival (PFS) for all patients were 28.1 (range
1.9–129.0) months and 11.1 (range 1.7–58.7) months, respectively. The neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio (PLR) significantly increased and the lymphocyte-to-monocyte ratio (LMR)
significantly decreased during the concurrent chemoradiotherapy course (P < 0.001, P < 0.001, and
P < 0.001, respectively). Multivariate analysis revealed that pre-LMR, ΔNLR, and minimum absolute lym-
phocyte counts were independent predictors of OS (P=0.027, P=0.012, and P=0.015, respectively) and
post-LMR, post-NLR, and ΔNLR were independent predictors of PFS (P=0.014, P=0.001, and P=0.036,
respectively). Nomograms for OS and PFS were established by combining all significant inflammatory markers
and clinicopathological characteristics. The concordance indexes for OS and PFS were 0.709 and 0.688, re-
spectively.
Conclusion: Post-treatment and Δ inflammatory biomarkers may have more prognostic significance than baseline
measurements of inflammatory biomarkers in LA-NSCLC patients. The proposed nomograms based on the dy-
namic inflammatory biomarkers and clinicopathological factors may be practical and widely available for
evaluating the prognosis of patients with inoperable LA-NSCLC.

1. Introduction

Locally advanced non-small cell lung cancer (LA-NSCLC) accounts
for approximately 40% of NSCLC cases at diagnosis, most of which are
not suitable for surgery [1]. The standard care for patients with in-
operable LA-NSCLC is concurrent platinum-based chemotherapy and

radiotherapy [2]. However, the prognosis remains unsatisfactory, with
a 5-year overall survival (OS) rate ranging between 15% and 25% [3].
The advent of immunotherapy has led to meaningful progress in im-
proving the outcomes of cancer patients. Durvalumab, an anti-pro-
grammed death ligand 1 (PD-L1) antibody, has been reported to be
effective in patients with LA-NSCLC after concurrent
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chemoradiotherapy (CCRT) and has been shown to significantly in-
crease progression-free survival (PFS) [4]. Therefore, studying changes
in immune status during CCRT of LA-NSCLC might be useful for iden-
tifying the subset group of patients who benefit from immunotherapy.
The evaluation of inflammatory prognostic factors is also crucial for
decision-making in routine clinical practice, and will ultimately im-
prove patient outcomes.

Emerging evidence has indicated that systemic inflammation plays
an integral role in both the development and progression of various
cancers [5–7]. Increased systemic inflammation, as determined by
measuring inflammatory cells, such as neutrophils, lymphocytes, pla-
telets, and monocytes, and the ratios between them (i.e., neutrophil-to-
lymphocyte ratio [NLR], platelet-to-lymphocyte ratio [PLR], lympho-
cyte-to-monocyte ratio [LMR]), has been shown to correlate with
prognosis in multiple malignancies [8–12]. For example, in lung cancer,
elevated pretreatment NLR is associated with poor survival in patients
with early stage [13] and advanced NSCLC [14], predicting resistance
to first-line platinum-based chemotherapy [15]. Lymphocyte nadir is
associated with 90% increased overall mortality risk in patients with
stage III NSCLC [16]. Preoperative platelet count is a reliable marker of
lymph node metastasis [17].

Nevertheless, most studies have correlated inflammatory bio-
markers with survival outcomes in lung cancer to analyze the baseline
parameters before treatment [18,19]. However, because immune status
is not static, dynamic analyses may be more informative. Moreover,
despite the fact that multiple studies have been conducted, in-
flammatory biomarkers are not applied in present clinical practice and
their additive values regarding clinical prognostic markers remain un-
clear. A quantitative model, incorporating both clinicopathological and
inflammatory variables, may be more essential and crucial for in-
dividualized risk assessment of death for LA-NSCLC patients.

Thus, in this study, we determined the prognostic significance of
inflammatory biomarker changes before and after CCRT in patients
with LA-NSCLC. In addition, we developed prognostic nomograms for
PFS and OS based on these inflammatory markers and the clin-
icopathologic characteristics.

2. Materials and methods

2.1. Patients

This study was approved by the ethics committee of Shandong
Cancer Hospital and Institute (Shandong, China). All patients signed
informed consent forms and agreed to provide their blood samples and
clinical data for research purposes. Between January 2005 and January
2016, 370 patients were retrospectively reviewed. The inclusion criteria
were as follows: (1) age 18 years or older; (2) stage III NSCLC confirmed
by histopathology and radiographic results based on the American Joint
Committee on Cancer 7th edition TNM classification and staging
system; (3) patients with neither prior therapy received CCRT nor op-
eration after assessment by a multidisciplinary team; and (4) patients
without autoimmune disease or active infection such as acute gastro-
enteritis, appendicitis, or cholecystitis.

2.2. Data collection and follow-up

Different types of information were acquired from the patients'
medical records including imaging data, clinical information, and la-
boratory test results. Clinical information included age, gender, pa-
thological type, Karnofsky Performance Score (KPS), smoking index,
radiotherapy technique, and radiotherapy dose. Laboratory tests
showed blood cell counts (lymphocyte, neutrophil, monocyte, and
platelet counts), and pretreatment carcinoembryonic antigen (CEA) and
hemoglobin levels. The ALCmin was defined as the minimum absolute
lymphocyte count during treatment. The NLR was calculated as the
absolute neutrophil count divided by the absolute lymphocyte count,

the PLR was defined as the absolute platelet count divided by the ab-
solute lymphocyte count, and the LMR was calculated as the absolute
lymphocyte count divided by the absolute monocyte count. Δ was de-
fined as the changes in inflammatory biomarkers, which was calculated
by the number of inflammatory biomarkers before CCRT minus those
after CCRT.

After completion of the treatment, patients were followed every
3months for the first 2–3 years, every 4–6months for another 2 years,
and thereafter annually. The follow-up evaluations consisted of a phy-
sical examination, complete blood count, blood biochemistry, tumor
marker, thoracic computed tomography (CT) scans, abdomen B-ultra-
sound examination, and other examinations as needed. OS was calcu-
lated from the starting date of treatment to the date of death or cen-
sored at the date of last contact. PFS was calculated from the starting
date of treatment to the date of diagnosing local recurrence/distant
metastasis, or to the date of last follow-up.

2.3. Statistical analysis

The optimal cut-off value for all markers was assessed by a time-
dependent receiver operating characteristic (ROC) curve analysis and
analysis of the area under the curve. Survival curves were generated by
the Kaplan–Meier method and compared using the log-rank test. The
Cox proportional hazard regression model was used to detect the in-
dependence of related factors. Variables with P < 0.15 in univariate
analyses were entered into multivariate analyses. Results of the Cox
regression modeling are presented as hazard ratios (HRs) and asso-
ciated 95% confidence intervals (CIs). Variables with P < 0.05 were
considered statistically significant. Statistical evaluation was conducted
with SPSS 23.0 (SPSS Inc., Chicago, IL).

A nomogram was established as a graphic representation of the
prediction model and elaborated upon LRM coefficients by using the
RMS package of R. The accuracy of the predictions was evaluated by
Harrell's concordance index (c-index), which was calculated via a
bootstrap method with 1000 resamples. The maximum value of the c-
index is 1.0, indicating perfect discrimination, whereas 0.5 represents
agreement by chance alone. Calibration curves were assessed graphi-
cally by plotting the observed rates against the nomogram predicted
probabilities. The predictive accuracy of clinical features and the TNM
stage was also investigated using the c-index. Related statistical ana-
lyses were conducted using R 3.4.4 software (Institute for Statistics and
Mathematics, Vienna, Austria).

3. Results

3.1. Baseline characteristics of patients

The clinicopathological characteristics of the patients are shown in
Table 1. Among them, male (84.3%) and squamous cell carcinoma
(63.0%) accounted for the majority. Inflammatory biomarkers were
measured before and after CCRT, and LMR was found to decrease sig-
nificantly, whereas NLR and PLR increased significantly (all
P < 0.001), demonstrating that the patients' inflammatory status
worsened over time (Fig. 1).

3.2. Prognostic effects of inflammatory biomarkers

Using ROC curves, the optimal cut-offs of inflammatory biomarkers
were determined according to the end-point of OS (Supplementary
Fig. 1 and Supplementary Table 1). Patients were subsequently divided
into two groups: the high group had values greater than or equal to
optimal cut-offs and the low group had values less than optimal cut-offs.

The median OS and PFS for all patients were 28.1 (range,
1.9–129.0) months and 11.1 (range, 1.7–58.7) months, respectively.
Clinicopathological characteristics combined with inflammatory bio-
markers for the prediction of OS and PFS were further investigated by
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univariate analysis with the Cox regression model. In univariate ana-
lysis, gender, N stage, smoking index, radiotherapy technique/dose,
KPS, consolidation chemotherapy, pretreatment CEA, pre-NLR, pre-
LMR, post-NLR, post-LMR, ΔNLR, and ALCmin were significantly as-
sociated with OS (P < 0.05); whereas age, N stage, radiotherapy dose,
KPS, pretreatment CEA, post-NLR, post-PLR, post-LMR, ΔNLR, and
ΔPLR were associated with PFS (P < 0.05) (Table 2). The variables
with P < 0.15 were included in a multivariate Cox regression model,
in which ΔNLR and N stage were verified to be independent prognostic
factors for both OS and PFS. In addition, gender, consolidation che-
motherapy, pre-LMR, and ALCmin were independent factors for OS

(P < 0.05), and KPS, radiotherapy dose, post-NLR, and post-LMR were
independent factors for PFS (P < 0.05) (Table 2).

Patients with pre-LMR < 2.38, ΔNLR < −2.24, and
ALCmin < 0.335 had significantly worse OS (P=0.035, P=0.001,
and P=0.002, respectively). In addition, post-NLR≥ 2.54, post-
LMR < 1.16, and ΔNLR < −2.24 were factors statistically associated
with a poor PFS (P < 0.001, P=0.006, and P=0.011, respectively;
Fig. 2).

3.3. Nomogram development for predicting prognosis of LA-NSCLC patients

To predict the OS and PFS of LA-NSCLC patients treated with CCRT,
two nomograms were established by Cox regression model analysis
using independent factors of OS and PFS (Fig. 3A, B), which could
predict the probability of death at 2 and 5 years and recurrence or
metastasis at 1 and 2 years. Harrell's c-indexes for OS and PFS were
0.709 (95% CI: 0.613–0.805) and 0.688 (95% CI: 0.582–0.794), re-
spectively. The calibration curves showed good agreement between the
prediction by nomograms and actual observation (Fig. 4A, B). More-
over, the predictive performance of the combined model with clinical-
TNM-inflammatory biomarkers was higher than the individual model
alone and the clinical-TNM model (Fig. 5).

3.4. Subgroup analysis of inflammatory biomarkers according to
consolidation chemotherapy

Consolidation chemotherapy (CCT) was administered in LA-NSCLC
patients with good performance after CCRT in clinical practice. We
further performed subgroup analysis of the inflammatory biomarkers
according to whether CCT was administered. In patients with CCT,
ALCmin was an independent prognostic factor for OS (P < 0.05),
whereas ΔNLR was a prognostic factor for PFS (P < 0.05;
Supplementary Table 2). In patients without CCT, ΔNLR was an in-
dependent prognostic factor for OS (P < 0.05), whereas post-NLR was
a prognostic factor for PFS (P < 0.05; Supplementary Table 3).

To determine the subgroup that could benefit more from CCT, a
forest plot of HRs for OS between the CCT and non-CCT groups was
analyzed (Supplementary Fig. 2). The OS advantages of CCT were more
significant for male patients (HR: 1.88; 95% CI, 1.40–2.51, P < 0.001),
N2/3 stage (HR: 1.90; 95% CI, 1.27–2.83, P=0.002; HR: 1.83; 95% CI,
1.09–3.07, P=0.022), KPS≤ 80 (HR: 1.94; 95% CI, 1.34–2.82,
P < 0.001), post-NLR≥ 2.54 (HR: 2.17; 95% CI, 1.51–3.11,
P < 0.001), post-PLR≥ 207 (HR: 2.44; 95% CI, 1.62–3.67,
P < 0.001), post-LMR < 1.16 (HR: 2.54; 95% CI, 1.41–4.59,
P=0.002), ΔNLR < −2.24 (HR: 2.74; 95% CI, 1.59–4.71,
P < 0.001), or ΔPLR < −93.7 (HR: 2.49; 95% CI, 1.55–4.02,
P < 0.001; Supplementary Fig. 2).

Table 1
Baseline characteristics of patients with inoperable LA-NSCLC.

Characteristic All patients(N=370)

N %

Age(years)
< 60 186 50.3
≥60 184 49.7

Gender
Male 312 84.3
Female 58 15.7

Histology subtype
SCC 233 63.0
Non-SCC 137 37.0

T stage
T1 39 10.5
T2 110 29.7
T3 89 24.1
T4 132 35.7

N stage
N0 55 14.9
N1 37 10.0
N2 174 47.0
N3 104 28.1

Smoking index
<600 173 46.8
≥600 197 53.2

KPS
≤80 209 56.5
>80 161 43.5

Radiotherapy technique
3D-CRT 185 50.0
IMRT 185 50.0

Radiotherapy dose(Gy)
≤60 199 53.8
>60 171 46.2

Pretreatment hemoglobin(g/L)
≤130 171 46.2
>130 199 53.8

Pretreatment CEA(ng/ml)
≤4.4 144 38.9
>4.4 226 61.1

Fig. 1. Changes in inflammatory biomarkers before and after CCRT in patients with inoperable LA-NSCLC. (A) NLR was elevated after treatment (P < 0.001). (B)
PLR was elevated after treatment (P < 0.001). (C) LMR decreased after treatment (P < 0.001).
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4. Discussion

The treatment for inoperable LA-NSCLC is typically CCRT, yet the
clinical progression and prognosis is heterogeneous. In addition,
median survival time for patients with LA-NSCLC is still extremely poor,
ranging from 12.6 to 29.3 months after diagnosis [20]. The develop-
ment of novel prognostic factors and models will be of great sig-
nificance for the better treatment stratification of these patients. In this
study, we evaluated the prognostic value of dynamic inflammatory
biomarkers in patients with LA-NSCLC, and developed two nomograms
that predicted the OS and PFS based on inflammatory and

clinicopathological variables.
Cancer progression is determined not only by the malignant beha-

vior of tumors but also by the systemic inflammatory response, which
was represented by the levels of several immune-associated cells
[21,22]. Neutrophils, platelets, and monocytes have been proposed as
important modulators favoring tumor invasion and metastasis [23–26].
In contrast, lymphocytes play a critical role in protective immunity by
inhibiting tumor cell proliferation and migration [27,28]. Pretreatment
NLR and PLR were found to be significant prognostic indicators of
survival in patients with early stage and advanced NSCLC [13,14,29].
Moreover, LMR has been determined to be a useful predictor for

Table 2
Univariate and multivariate survival analyses of OS and PFS in patients with inoperable LA-NSCLC.

OS PFS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

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

Age 0.994 0.759–1.302 0.967 0.746 0.566–0.983 0.037
Gender 0.817 0.533–1.347 0.004 0.489 0.242–0.988 0.046 0.824 0.564–1.203 0.316
Histology subtype 0.823 0.610–1.110 0.201 1.198 0.894–1.607 0.226
T stage 1.103 0.964–1.263 0.152 0.989 0.861–1.137 0.881
N stage 1.305 1.122–1.517 0.001 1.439 1.178–1.759 <0.001 1.398 1.194–1.638 < 0.001 1.390 1.132–1.707 0.002
Smoking index 1.341 1.019–1.765 0.036 1.000 0.760–1.316 0.999
Radiotherapy technique 1.432 1.088–1.885 0.010 1.047 0.793–1.383 0.745
Radiotherapy dose 1.596 1.197–2.127 0.001 1.528 0.990–1.781 0.049 1.758 1.159–2.667 0.008
KPS 0.682 0.514–0.905 0.008 0.721 0.538–0.965 0.028 0.635 0.434–0.929 0.019
Consolidation chemotherapy 1.696 1.291–2.229 < 0.001 2.047 1.399–2.997 <0.001 1.229 0.910–1.660 0.178
Pretreatment hemoglobin 0.877 0.657–1.170 0.372 0.775 0.574–1.047 0.097
Pretreatment CEA 1.450 1.042–2.017 0.027 1.610 1.135–2.284 0.008
Pre-NLR 1.387 1.035–1.860 0.029 1.187 0.873–1.613 0.274
Pre-PLR 1.253 0.919–1.708 0.154 0.897 0.643–1.251 0.521
Pre-LMR 0.718 0.528–0.976 0.035 0.655 0.450–0.954 0.027 0.916 0.661–1.270 0.598
Post-NLR 1.832 1.251–2.682 0.002 1.968 1.356–2.857 < 0.001 2.575 1.485–4.467 0.001
Post-PLR 1.382 0.998–1.914 0.052 1.416 1.034–1.938 0.030
Post-LMR 0.616 0.444–0.854 0.004 0.605 0.423–0.865 0.006 1.814 1.129–2.914 0.014
△NLR 0.573 0.417–0.788 0.001 0.609 0.414–0.895 0.012 0.649 0.465–0.906 0.011 0.625 0.403–0.969 0.036
△PLR 0.806 0.588–1.105 0.180 0.716 0.521–0.984 0.040
△LMR 1.216 0.885–1.672 0.228 1.031 0.747–1.425 0.851
ALCmin 0.630 0.470–0.743 0.002 0.632 0.436–0.916 0.015 0.942 0.693–1.281 0.705

Fig. 2. Kaplan–Meier curves were used to show patients' outcomes among patients with different levels of inflammatory biomarkers. (A) Pre-LMR≥ 2.38,
ΔNLR≥−2.24, and ALCmin≥ 0.335 were associated with favorable OS (P=0.035, P=0.001, and P=0.002, respectively). (B) Post-NLR < 2.54, post-
LMR≥ 1.16, and ΔNLR≥−2.24 were associated with a good PFS (P < 0.001, P=0.006, and P=0.011, respectively).
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prognosis [12]. Cancer therapies including chemotherapy and radio-
therapy are known to impact system immunity [30,31]. However, there
is relatively limited information reflected by baseline evaluation com-
pared with dynamic inflammatory markers, which may more precisely
reveal the patient's actual inflammatory status during treatment.

In the 370 cases we studied, NLR and PLR significantly increased
and LMR decreased during the treatment course, demonstrating da-
mage to the immune system. Post-NLR, post-LMR, ΔNLR, and ALCmin
were found to be superior in terms of prognostic ability. Nevertheless,
pre-NLR and pre-LMR were associated with OS in univariate analysis
but not in multivariate analysis, demonstrating that the dynamic eva-
luation of inflammatory status may more accurately predict a patient's
prognosis. Besides, our study also indicated that patients with relatively
small changes in inflammatory biomarkers after CCRT (i.e. those with
higher tolerance to CCRT) showed favorable outcomes. The LA-NSCLC
response to a PD-L1 inhibitor with good efficacy has been reported [4].
The observation of systemic inflammatory changes during CCRT might
highlight the importance of evaluating the time point at which im-
munotherapies should be administered.

Inflammatory biomarkers are all easily evaluated in clinical settings,
but are not all routinely used in practice. Nomogram is a simple gra-
phical prediction model that has been confirmed to have better pre-
dictive ability than TNM staging alone [32–34]. In this study, the per-
formance of a model combining clinical-TNM-inflammatory biomarkers
was higher than that using an individual model alone and the clinical-
TNM model, demonstrating that nomograms have better predictive
capability when they incorporate integrated information. Although
these models still need to be validated in more patients, our results are
encouraging.

In addition to inflammatory biomarkers, other clinicopathological
characteristics were found to be independent predictors of prognosis in
our study. In agreement with the literature [35,36], we found that
worse KPS was associated with a shorter PFS, and N2/3 stage was
highly predictive of both a poor PFS and poor OS. Additionally, female
sex was prognostic for a better OS [36,37]. Although the proportion of
female patients was significantly less than that of male patients in our
study, it was similar to the results of cancer statistics in China, which
may reflect the low smoking rates of Chinese women [38]. Moreover, a

Fig. 3. Nomograms show the results of prognostic models using clinicopathological characteristics and inflammatory biomarkers to predict the OS and PFS of
patients with inoperable LA-NSCLC. (A) Nomogram for 2- and 5-year OS. (B) Nomogram for 1- and 2-year PFS.
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high radiotherapy dose (> 60 Gy) showed a lower PFS similar to
RTOG0617 [39], but had no significant effect on OS, possibly due to
patients having a lower tolerance for this treatment, leading to pro-
longation of radiotherapy and an associated increased risk of local
control failure [40]. Nomograms that combine these inflammatory and
clinicopathological characteristics may be of great help in guiding in-
dividualized treatment of patients with LA-NSCLC.

Although the effectiveness of CCT in LA-NSCLC is not completely
understood, the survival benefit of CCT is reported to be better in Asian
patients [1,41], especially Chinese patients [42]. According to our
findings, CCT is an independent predictor of improved OS but not PFS.
That may be associated with improved control in distant metastasis
with CCT, which ultimately translates to better OS, whereas local
control is more affected by radiotherapy. Furthermore, male sex, N2/3
stage, KPS≤ 80, post-NLR≥ 2.54, post-PLR≥ 207, post-LMR < 1.16,
and ΔNLR < −2.24 or ΔPLR < −93.7 may result in significant OS
benefits, meaning that patients with a high risk of distant metastasis
and weak immune status after CCRT are more suitable for CCT. It seems
plausible that weak immune status after CCRT will favor tumor cell
dissemination, metastasis, and colonization.

Although we successfully developed novel prediction models of
prognosis according to clinicopathological factors and inflammatory
biomarkers that may be widely available in the clinic, this study had
several limitations. First, it was a retrospective study, and as such, was
inevitably subject to bias. Secondly, our study was performed in a single
central cohort; external validation should be performed in the future.
Third, inflammatory biomarkers may be influenced by infection and
steroid use. Although patients with active infections were excluded
from this study, we have no data on whether latent infections were
present, which should be ruled out in future prospective trials.

5. Conclusion

The findings of this study indicate that post-treatment and Δ in-
flammatory biomarkers are superior in predicting OS and PFS in LA-
NSCLC patients. Nomograms based on dynamic inflammatory bio-
markers and clinicopathological factors may be a more practical model
for evaluating prognosis, and may offer individualized treatment for
patients with inoperable LA-NSCLC.

Fig. 4. Calibration plots of nomograms for predicting OS and PFS in patients with inoperable LA-NSCLC. (A) Calibration plots for predicting 2- and 5-year OS. (B)
Calibration plots for predicting 1- and 2-year PFS. The x-axis is nomogram-predicted probability of survival and the y-axis is actual survival. The reference line is 45°
and indicates perfect calibration.

Fig. 5. Bar graphs represent the c-index of different prediction models for pa-
tients with inoperable LA-NSCLC. The Harrell's c-index for OS prediction was
0.709 (95% CI: 0.613–0.805). The predictive performance of the combined
model with clinical-TNM-inflammatory biomarkers for OS was better than that
of models with TNM stage (T), clinicopathological characteristics (C), in-
flammatory biomarkers (I), and clinical-TNM biomarkers (C+T) (all
P < 0.001). The Harrell's c-index for PFS prediction was 0.688 (95% CI:
0.582–0.794). The predictive performance of the combined model with clinical-
TNM-inflammatory biomarkers for PFS was also better than that of models with
T, C, I, and C+T (all P < 0.001).
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Supplementary data to this article can be found online at https://
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