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Abstract N\
Neutrophil-to-lymphocyte ratio (NLR) was reported as an independent prognostic factor in many studies, but its cutoff point was not \
yet concluded. We set forth to prove and validate cutoff point of NLR as a poor prognostic factor for overall survival (OS) in
nonmetastatic nasopharyngeal carcinoma (NPC) patients.

Retrospective cohort of nonmetastatic NPC adult patients treated with intensity-modulated radiotherapy with curative aim at Siriraj
hospital during 2007 to 2014 was enrolled. NLR was defined as absolute neutrophil count divided by absolute lymphocyte count. OS
was the primary outcome. We explored our cutoff value by maximum concordance index (C-index) method, and we validated our
cutoff and previously reported cutoff values by categorizing patients as NLR < 3 or >3. Internal validation was done by bootstrapping
method.

Four hundred sixty-three patients were included. The median follow-up time was 70.8 months. By the end of June 2019, 211
patients had died. In univariable analysis of OS by Cox model, an NLR value of 3 showed the highest C-index (0.548) with an HR of
1.43 (95% Cl: 1.08-1.89). After adjustment for body mass index, overall staging, age, gender, and histology in multivariable analysis,
an NLR >3 was still an independent prognostic factor of poor OS (HR=1.34, 95% Cl=1.01-1.79). After internal validation, the
resampling method shows no overfitting condition and corrected C-index was 0.547 for univariable analysis.

A cutoff point of NLR of 3 from routine blood test was found to be an independent poor prognostic factor among patients with
nonmetastatic NPC. This prognostic factor could be included in clinical prediction model of NPC and this further prediction model
would select high risk patients for intensive treatment.

Abbreviations: AuROC = area under the receiver operating characteristic curve, BMI = body mass index, Cl = confidence
interval, C-index = concordance index, EBV = Epstein—-Barr virus, HR = hazard ratio, NLR = neutrophil-to-lymphocyte ratio, NPC =
nasopharyngeal carcinoma, OS = overall survival, PH = proportional hazards, TANs = tumor-associated neutrophils.
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1. Introduction

Nasopharyngeal carcinoma (NPC) is a common head and neck
cancer in eastern China and Southeast Asia. The pathogenesis of
NPC relates to previous Epstein-Barr virus (EBV) infection,
which is a latent infection; however, not all persons infected with
EBV develop invasive cancer cells.!"! Even though EBV DNA is a
potential prognostic factor of NPC, the tumor microenvironment
is one of the pathways that supports tumorigenesis and tumor
progression. Hanahan et al'®! published ‘Hallmarks of cancer: the
next generation’ in 2010, which includes tumor-promoting
inflammation and avoiding immune destruction. Leukocytes play
a role in both inflammatory process and the immune system, and
the neutrophil-to-lymphocyte ratio (NLR) is recognized as a
hematologic inflammatory marker in solid cancer. This ratio is
repeatedly reported in many cancer sites, including NPC, as a
poor prognostic factor relative to patient survival; however, some
reported aspects of the use of the NLR remain controversial, such
as publication bias and the NLR cutoff value.

In meta-analysis”®! of NLR from 100 studies with 40,559
patients and 21 solid tumors, an NLR higher than the cutoff
showed a statistically significant hazard ratio (HR) of 1.81 (95%
CL: 1.67-1.97) for overall survival (OS). However, funnel plot
analysis revealed publication bias in that meta-analysis study.
The 3 most common primary tumors in that study were colorectal
carcinoma, gastroesophageal carcinoma, and hepatocellular
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carcinoma, consecutively, and there were only 2 studies in NPC.
NLR was found to be a poor prognostic factor for OS in most
NPC studies.*'* Takenaka et al"*! conducted a meta-analysis
of non-nasopharyngeal head and neck cancer and reported
association between a high NLR and poor OS. Similarly, Yang
et al™! found poor survival among high NLR patients in a meta-
analysis of NPC. Alternatively, Chua et al'"*! found and reported
conflicting results from a randomized controlled trial database of
locally-advanced NPC.

Although many studies included in meta-analysis found NLR
to be an independent prognostic factor in many solid tumors, its
cutoff point was not yet concluded (median cutoff: 4.0, range:
1.9-7.2).51 The current lack of an established cutoff in this
clinical setting can adversely affect both treatment decisions and
patient outcomes. Accordingly, the aim of this study was to prove
and validate cutoff point of NLR as a poor prognostic factor for
OS in nonmetastatic NPC patients.

2. Material and methods

Retrospective cohort followed of nonmetastatic NPC adult
patients treated with intensity-modulated radiotherapy with
curative aim the Division of Radiation Oncology, Department of
Radiology, Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok, Thailand during January 2007 to Decem-
ber 2014. Patients with previous history of other malignancy,
previous radiotherapy, or having no complete blood count before
any treatment in the medical record were excluded. All patients
were newly reviewed for both T stage and N stage according to
the 8 edition of the Union for International Cancer Control/
American Joint Committee on Cancer staging system by a
qualified diagnostic radiologist.

For the treatment protocol at our center, all patients were
treated with simultaneous integrated boost technique of intensity-
modulated radiotherapy with a radiation dose of 70 Gray in 33
fractions. Platinum-based chemotherapy was prescribed as either
concurrent chemotherapy or as neoadjuvant/adjuvant chemo-
therapy. For concurrent chemotherapy, cisplatin every 3 weeks
was the most common regimen; however, patients with renal
insufficiency were instead prescribed carboplatin weekly. 5-FU
was routinely combined with platinum-based chemotherapy for
neoadjuvant/adjuvant treatment. The schedule of normal post-
treatment evaluation was either computed tomography scan or
magnetic resonance imaging scan and ear, nose, throat
examination with biopsy at 3 months after treatment completion.
Patients with no evidence of disease would be followed-up
clinically every 3 to 6 months with or without imaging every 1 to
2years.

Complete blood count, standard routine laboratory in clinical
pathological department, was ordered 1 to 2 weeks before each
cycle of concurrent and adjuvant chemotherapy. In this study, we
used only the NLR before the start of treatment. NLR was defined
as absolute neutrophil count divided by absolute lymphocyte
count. We explored our own cutoff value, and we validated both
our cutoff value and previously reported cutoff values by
categorizing patients as NLR <3.0 (low NLR) or >3.0 (high
NLR).

Sample size was calculated by two-sample comparison of
survivor functions by HR of patients with high NLR vs low NLR
as 1.4 and ratio of number of high NLR/ low NLR as 1:4. With
type 1 error as 0.05 and power as 0.9, estimated sample size was
437.
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The protocol for this study was approved by the Siriraj
Institutional Review Board (COA no. 666/2560 (EC3)), and the
requirement to obtain written informed approval was waived due
to the retrospective nature of this study.

2.1. Statistical analysis

The primary outcome of this study was OS, which was defined as
the time from initial treatment to death or censoring. First, we
hypothesized the NLR to be a significant prognostic factor by
exploring the NLR cutoff point. The NLR cutoff value was first
determined as a median value. Second, univariable Cox
proportional hazards (PH) regression model was used to vary
the NLR cutoff point in order to determine the maximum
concordance index (C-index). Third, we performed sensitivity
analysis to identify a cutoff value as high sensitivity to 80%, and
high specificity to 80%. Fourth and last, in order to validate
cutoff points from other studies, we gathered cutoff values from
the published literature.[*¢=%19-12.151 T compare the character-
istics all cutoff points, we reported C-index, sensitivity,
specificity, percentage of dead patients in the low NLR group,
percentage of dead patients in the high NLR group, and HR for
death with its 95% confident interval and P value.

After exploration, we selected an NLR cutoff point with an
appropriately high C-index with reasonable sensitivity, and
specificity to include in and perform further statistical modeling.
Univariable analysis (model 1) was performed using Cox PH
regression model after the PH assumption test was determined
not to be violated. Internal validation of univariable analysis of
this NLR cutoff point was performed by bootstrap resampling
method using R software version 3.6.2. Specifically, the model
was refitted 2000 times with function ‘validate’ in the package
‘rms’ (regression modelling strategies by Professor Harrell)
version 5.1-4 to correct overfitted coefficients, and to determine
the robustness of the C-index value. Next, we compared patient
characteristics between the low NLR and high NLR group to
identify any potential confounders that affect survival in this
dataset. Finally, to determine if the NLR remained a significant
prognostic factor, we performed adjusted analysis of NLR
(model 2). We used the same cutoff point as the 1 used in model 1,
and we adjusted for selected known confounders from both the
literature and from our dataset, including age, gender, histology,
body mass index (BMI), and overall staging (8" AJCC staging
system). Internal validation of adjusted analysis was also
performed using the same technique.

Finally, we integrated the NLR into the standard staging
system (model 3) by creating the low NLR and high NLR
substages to see if improvement could be observed with the C-
index compared to standard staging alone. We also showed the
value of the NLR by demonstrating the number of deaths, the 5-
year and 8-year OS rates, and also Kaplan—-Meier survival curve
in each stage with low and high NLR.

3. Results

Four hundred seventy-seven NPC patients in this cohort were
assessed for eligibility (Fig. 1). The main reasons for exclusion
(n=14, 3%) were the patients had history of previous
malignancy (n=35, 1%) and no available complete blood count
(n=9, 2%). A total of 463 patients were finally included in this
analysis. The median follow-up time was 70.8 months. The
average age of patients was S50years, and 70% were male.



Setakornnukul et al. Medicine (2021) 100:34

www.md-journal.com

n=477

Non-metastatic NPC adult patients treated with intensity-modulated radiotherapy
(IMRT) with curative aim
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Figure 1. Flow diagram of number of patients. NLR = neutrophil-to-lymphocyte ratio, NPC = nasopharyngeal carcinoma.

Regarding histology classification, 64% of patients had undif-
ferentiated type of nonkeratinizing carcinoma, and only 1% of
patients had keratinizing squamous cell carcinoma. A total of 227
(49%) patients had stage IVA NPC, and 145 (31%), 84 (18%),
and 7 (2%) patients were stage I, II, and I, respectively. A total
of 237 (51%) patients underwent concurrent chemo-radiothera-
py followed by adjuvant chemotherapy. The other treatment
sequences were neoadjuvant chemotherapy followed by concur-
rent chemo-radiotherapy, and radiotherapy alone in 20% and
13% of patients, respectively. Complete course of radiotherapy
was performed in 96% of patients. The median radiotherapy
dose was 6996 cGy in patients who received a complete course of
radiotherapy. The median dose among patients who did not
complete their course of radiotherapy was 4664 cGy (inter-
quartile range: 3604-6360). By the end of the follow-up period in
June 2019, 211 patients had died.

The average NLR among the entire study cohort was 3.18 +
2.4 (range: 0.47-20.90). The median NLR was 2.59 (inter-
quartile range: 1.81-3.67). Using the maximum C-index to
identify the NLR cutoff point in univariable analysis of OS by
univariable Cox PH regression model, an NLR value of 3.0
showed the highest C-index (0.548). Sensitivity analysis of all
cutoff points, including that from our exploratory analysis and
those from previous reports, showed that an NLR cutoff ranging
from 2.6 to 4.2 yielded a statistically significant difference in OS

between the high and low NLR groups (Table 1). A cutoff of NLR
of 3.0 was also found in subgroups of stage IIl and stage IVA, and
the cutoff point was 2.9 in stage II with the same method of the
maximum C-index (Supplement 1, Supplement Digital Content,
http://links.lww.com/MD2/A368). An NLR value of 3.0 was
selected as the cutoff point in our study due to it having the
highest C-index (0.548) and reasonable sensitivity and specificity
(41.7%, and 67.9%, respectively). To identify potential
confounders, we compared other prognostic factors and found
that patients who had an NLR greater than 3.0 had significantly
more T3 and T4 stage than patients with a low NLR (30% and
34% vs 22% and 25%, respectively). As a result of this clearly
different T staging, overall staging in the high NLR group was
higher than in the low NLR group — particularly for stage IVA
(54% vs 46%, respectively) (Table 2). BMI showed significant
difference between the high and low NLR groups. Moreover,
underweight patients were more likely to have an NLR greater
than 3.0 (20% vs 5%, respectively; Table 2). In univariable
analysis (model 1), an NLR greater than 3.0 showed a HR of 1.43
(95% confidence interval [95% CI]: 1.08-1.89) (Fig. 2A and
Table 3). After adjustment for BMI, overall staging, age, gender,
and histology (model 2) revealed an NLR > 3.0 to be an
independent prognostic factor of poorer OS in patients with NPC
(HR: 1.34, 95% CI: 1.01-1.79) (Fig. 2B and Table 3). After
internal validation, the resampling method showed no overfitting
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Sensitivity analysis of cutoff point of NLR.

Sensitivity analysis cutoff point in our exploratory study

Low NLR, no. High NLR, no. HR; 95%Cl,
Method Cutoff C-index Sensitivity Specificity of dead (%) of dead (%) P value
Our study Continuous - 0.535 - - - - 1.07;1.01 to 1.13, .019
Median 2.6 0.539 54.0% 53.6% 97/232 (42%) 114/231 (49%)  1.31;1.00 to 1.72, .048
Maximum C-index” 3.0 0.548 41.7% 67.9% 123/294 (42%)  88/169 (52%) 1.43; 1.09 to 1.89, .010
Mean 3.2 0.539 35.6% 73.0% 136/320 (43%)  75/143 (52%) 1.39; 1.05 to 1.84, .023
High sensitivity 1.6 0.510 80% 16.7% 40/80 (50%) 171/383 (45%)  0.89; 0.63 to 1.26, .519
High specificity 38 0.529 27% 80% 154/357 (43%)  57/106 (53%) 1.38; 1.02 to 1.87, .037
Sensitivity analysis of cutoff point from previous report
Lin et all'" AUROC 2.2 0.510 63.5% 37.3% 77171 (45%) 134/292 (46%)  1.10; 0.83 to 1.45, .523
Lu et all'? AUROC 2.3 0.517 61.1% 41.67% 82/187 (44%) 129/276 (47%)  1.15: 0.87 to 1.52, .325
Li et a® AuROC 2.5 0.532 55.5% 50.4% 94/221 (43%) 117/242 (48%)  1.26; 0.96 to 1.65, .094
Sun et a® AuROC 2.6 0.539 54.0% 53.6% 97/232 (42%) 114/231 (49%)  1.31;1.00 to 1.72, .048
Jiang et al” AuROC 2.7 0.536 49.8% 57.9% 106/252 (42%)  105/211 (50%)  1.32;1.01 to 1.73, .046
Liao et all'® Mean 36 0.530 29.9% 77.8% 148/344 (43%)  63/119 (53%) 1.34: 1.00 to 1.80, .050
An et all” AuROC 37 0.528 28.4% 56.2% 152/352 (43%) 590111 (53%) 1.35; 1.00 to 1.83, .049
Chua et al'™®  Median 3.0 0.548 41.7% 67.9% 123/294 (42%)  88/169 (52%) 1.43; 1.09 to 1.89, .010
P80th 4.2 0.537 23.7% 84.9% 161/375 (43%)  50/88 (57%) 1.57; 1.14 to 2.15, .006

Cl = confidence interval, C-index = concordance index, HR = hazard ratio, NLR = neutrophil-to-lymphocyte ratio, AUROC = area under the receiver operating characteristic curve.

condition, so the corrected C-index was 0.547 for univariable
analysis (model 1), and 0.663 for adjusted analysis (model 2)
(Table 3).

According to the 8% edition of the AJCC staging system, the 5-
year OS rate was 100%, 80%, 79%, and 49 % for stage [, II, III,
and IVa, respectively. The 8-year OS rate was 75 %, 71%, 64 %,
and 39% for stage I, IL, III, and IVa, respectively. The C-index of
this staging system was 0.629 (95% CI: 0.591-0.664). After

Patient characteristics comparing the patients who had neutrophil
to lymphocyte ratio (NLR) more than 3 to those with NLR equal or
less than 3.

NLR>3 NLR<3
Characteristics N=169 N=294 P value
Age: Mean (SD) 51 (13) 51 (1) A7
Gender: Men 113 (67%) 213 (72%) .21
Women 56 (33%) 81 (28%)
BMI: < 18.5 33 (20%) 16 (5%) <.001
18510229 92 (54%) 173 (59%)
2310 24.9 35 (21%) ( 9%)
> 25 9 (5%) 1 (7%)
WHO classification: Type | 4 (2%) ( %) .206
Type |l 63 (37%) 99 (34%)
Type |l 102 (61%) 193 (65%)
T stage: T1 22 (13%) 43 (15%) .005
T2 40 (24%) 113 (38%)
T3 50 (30%) 4 (22%)
T4 57 (34%) 74 (25%)
N stage: NO 12 (7%) 28 (10%) 72
N1 52 (31%) 96 (33%)
N2 58 (34%) 98 (33%)
N3 47 (28%) 72 (24%)
AJCC staging: | 2 (1%) 5 (2%) .043
Il 20 (12%) 64 (22%)
Ii 55 (33%) 90 (30%)
IVA 92 (54%) 135 (46%)
NLR: Mean (SD) 5.3 (2.8 2.0 (0.6) <.001
Median (IQR) 4.2 (3.5-6.9) 2.0 (1.6-2.5) <.001

IQR = interquartile range, SD = standard deviation.

adjustment for overall staging (model 3), an NLR >3.0 showed a
HR of 1.34 (95% CI: 1.01-1.76) (Table 3). After integration of
the NLR into the staging system, the C-index increased to 0.645
(95% CI: 0.608-0.679). There were few patients in stage I NPC,
5 patients in low NLR group and 2 patients in high NLR group
(Table 4 and Fig. 3). There was only 1 patient had died in stage I
of NPC patient. This patient was in high NLR group and his
cause of death was noncancer death from heart disease. Thus, the
adjusted analysis was not able to report in this stage. Five-year OS
compared between low NLR (equal to or less than 3.0) and high
NLR (more than 3.0) was not significantly different for stage II
and 111 (81% vs 75 % and 81% vs 76 %, respectively) (Table 4 and
Fig. 3). And, HR with 95% CI for adjusted analysis with age,
gender, BMI, and histology was 1.59 (0.64 to 3.96) and 1.38
(0.76 to 2.49), respectively (Fig. 4). However, stage IVA NPC
patients showed trend of the 5-year and 8-year OS rates
difference between the low NLR and high NLR groups (54% vs
42% and 44% vs 33%, respectively; P=.050) (Table 4 and
Fig. 3) as well as the HR with 95% CI for adjusted analysis with
age, gender, BMI, and histology was 1.36 (95%CI: 0.95-1.93, P
value .089) (Fig. 4).

4. Discussion

The results of this retrospective cohort study with the NLR cutoff
point set at 3.0 supported the key results of our exploratory
analysis and validation analysis that revealed a high NLR to be a
significant poor prognostic factor of OS in nonmetastatic NPC
patients, even when varying the cutoff points from 2.6 to 4.2
(Table 1). Tumor-promoting inflammation is one of the enabling
characteristics in ‘Hallmarks of cancer: the next generation’, and
these factors play a role as microenvironmental factors in cancer
development and progression.*!

NLR is an indicator of systemic inflammatory response;
however, prior to the present study, its effect as a prognostic
factor in NPC had not been conclusively established. While most
studies found positive association between NLR and a worse
prognosis, Chua et al!*! reported conflicting results. This may be
explained by the identified publication bias in that study. Most
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Figure 2. Overall survival between low NLR (equal or less than 3.0) in red color and high NLR (more than 3.0) in blue color. Figure A was Kaplan—-Meier survival curve
(crude survival curve). Figure B was postestimation survival curve after Cox-proportional hazards model of adjusted by age, gender, histology, BMI, and AJCC stage
(adjusted survival curve). NLR = neutrophil-to-lymphocyte ratio, BMI = body mass index.

studies were retrospective cohort studies that retrieved consecu-
tive patient data. However, Chua et al used data from 2
randomized controlled trials that were found to have inclusion
and/or exclusion selection bias.!'®! Regardless, we validated the
3.0 and 4.2 NLR cutoff values that were evaluated in the Chua
et al study, and we found that high NLR patients had worse
survival outcome than low NLR patients at both cutoff points
(Table 1).

The overall role of NLR as a prognostic factor and the
appropriate NLR cutoff point are both in question in clinical
practice and in prognostic prediction model study. The accepted

statistical technique for calculating the optimal cutoff point is
area under the receiver operating characteristic curve (AuROC)
curve analysis, which has its established basis in diagnostic study.
There are, however, some limitations of AuROC analysis in
prognostic prediction model study among cancer patients. The
outcome is time-to-event analysis, which is different from binary
outcome in diagnostic study; thus, Harrell C-statistic derived
from Cox PH regression model is used instead of AuROC.
Similarly, Harrell C-index demonstrates discrimination perfor-
mance in prognostic study for distinguishing good prognosis
patients from those with a poor prognosis. It is for this reason

Overall survival of neutrophil-lymphocyte ratio (NLR) with cutoff value 3.0 in models 1 to 3 and internal validation with bootstrapping

technique.
Model 1" Model 27 Model 3¢
HR; 95% Cl, Pvalue  C-index (95% Cl)  HR; 95% Cl, Pvalue  C-index (95% Cl)  HR; 95% Cl, Pvalue  C-index (95% Cl)

NLR 1.43; 1.09 t0 1.89, .010 0.548 (0.512-0.583)  1.34; 1.01 t0 1.79, .040 0.674 (0.646-0.717)  1.34; 1.01 to 1.76, .040 0.645 (0.608-0.679)
AJCC stage

Stage I 1.73; 0.23 10 12.87, .590 2.20: 0.30 to 16.29, .439

Stage Il 2.25: 0.31 to 16.38, .422 2.75: 0.38 t0 19.94, .316

Stage IVa 5.16; 0.72 to 37.20, .103 6.21: 0.87 to 44.44, .069
Age 1.03; 1.02 0 1.04, .001
Gender 1.31: 0.96 to 1.80, .091
BMI 0.99: 0.96 to 1.03, .740
Histology

NK, diff 0.66: 0.21 to 2.09, .479

NK, undiff 0.49: 0.16 to 1.56, .228

Internal validation® 0.547 (0.531-0.566)

0.663 (0.651-0.686) 0.642 (0.627-0.661)

“Model 1 included NLR by cutoff value 3.0.

“Model 2 included NLR by cutoff value 3.0, AJCC stage, age, gender, body mass index (BMI), and histology.

*Model 3 included NLR by cutoff value 3.0, and AJCC stage.
% After adjusted slope to coefficient.
Cl = confidence interval, C-index = concordance index, HR = hazard ratio.
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Table 4
Five-year and 8-yr OS between low NLR (equal or less than 3.0) and high NLR (more than 3.0) stratified by staging system.
Overall survival (95% Cl)
5-yr 8-yr P value
Stage | Low NLR 100% 67% (5%-95%) 564
High NLR 100% 100%
Stage Il Low NLR 81% (69%—9%) 74% (61%—3%) 354
High NLR 75% (50%—9%) 62% (36%—0%)
Stage Il Low NLR 81% (71%—8%) 68% (56%—7%) 756
High NLR 76% (63%—5%) 58% (42%—2%)
Stage IV Low NLR 54% (45%—2%) 44% (35%—2%) .050
High NLR 42% (32%—2%) 33% (24%—3%)

Cl = confidence interval.

that we used Harrell maximum C-index to identify the optimal
NLR cutoff value instead of AuROC analysis in this study.
Using the highest C-index (0.548) observed in this study, we
determined the NLR cutoff to 3.0. Previous studies reported NLR
cutoff values ranging from 2.6 to 4.2. Importantly, our analysis
revealed significantly worse survival in high NLR compared to
low NLR for all evaluated NLR cutoff points. Wongkrajang
et all'! reported complete blood count reference values for
healthy Thai adults from Siriraj Hospital. Using their data, we
analyzed the NLR value in healthy Thai adults. The mean NLR

from healthy Thai adults was 1.74+0.7 (range: 0.78-4.69)
(unpublished data). In other words, an NLR value of 3.0 is equal
to the mean plus 2 standard deviations in healthy Thai
population. After multivariable analysis, this 3.0 cutoff was still
an independent poor prognostic factor of OS in nonmetastatic
NPC in our study. Furthermore, the C-index from internal
validation by bootstrap resampling was similar to that from the
exploratory model in univariable analysis (0.548 vs 0.547,
respectively). Internal validation by adjusted analysis revealed a
slight decrease in the C-index from 0.674 to 0.663. Taken
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Figure 3. Kaplan-Meier overall survival curve (crude survival curve) with stratification by 8" edition of AJCC staging system between low NLR (equal or less than
3.0) in red color and high NLR (more than 3.0) in blue color. NLR = neutrophil-to-lymphocyte ratio.
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Figure 4. Postestimation survival curve after adjusted analysis with age, gender, body mass index, and histology using Cox proportional hazards regression
(adjusted survival curve) with stratification by 8™ edition of AJCC staging system between low NLR (equal or less than 3.0) in red color and high NLR (more than 3.0)
in blue color. Cl = confidence interval, HR = hazard ratio, NLR = neutrophil-to-lymphocyte ratio.

together, the value of the C-index from the 3.0 cutoff point was
found to be robust within our dataset; however, we urge external
validation of our findings prior to the implementation of this
cutoff in routine practice.

After stratification by cancer stage, the effect of NLR showed a
borderline statistically significant difference between NLR groups
in stage IVA NPC during the duration of follow-up; however, no
significant effect of NLR was observed in stages II to III, and only
limited effect was observed during the early short-term follow-up
(Fig. 3). To explain this phenomenon, according to ‘Hallmarks of
cancer: the next generation’,”” the tumor microenvironment
continuously changes during the course of tumorigenesis and
progression in precancerous tumor, invasive tumor, and metastatic
tumor. Therefore, the NLR could have different effect in different
stages of NPC. Furthermore, neutrophils have both protumor and
antitumor roles. Studies in tumor-associated neutrophils (TANs)
reported conflicting results relative to the role of TANs in early-
stage cancer, with some studies'®'”! reporting TANs to be
associated with good prognosis in early-stage colorectal cancers,
while other studies’***?! showed TANSs to be associated with
worse prognosis in early-stage colorectal cancers, melanoma, and
cervical squamous cell carcinoma. However, in late-stage cancer,
most studies found TANS to be associated with worse prognosis.
We found this same association in late-stage, but we need more
sample size of stages II to III in order to prove this effect
modification between NLR and tumor staging.

For clinical implication of this study, firstly, the NPC patient
who had NLR >3 should be advised of their sufficient calories
and dietary intake to counteract their inflammatory process
during the radio-chemotherapy course. Secondly, due to the
controversial surveillance schedule in limited-resource countries,
we are able to follow up the NPC patient who had pretreatment
NLR >3 after disease remission with intensive surveillance
including routine ear, nose, throat examination and regular
computer tomography of head and neck, chest, and upper
abdomen. Finally, we are going to incorporate NLR with a cutoff
point of 3 into the clinical prognostic model of in the future study
and this further prediction model would select high risk patients
for intensive treatment.

Interestingly, neutrophil-based therapeutic strategies, such as
prevention of neutrophil exit from bone marrow and entry into
tumor tissue, neutrophil depletion, inhibition of the T-cell
suppression function of neutrophils, prevention of neutrophil
capacity to foster tumor cell proliferation and migration, and

promotion of the antitumor function of neutrophils, were
investigated in many preclinical studies.””*! In addition to being
a prognostic factor for cancer, NLR may have benefit as a
predictive marker for cancer treatment in some neutrophil-based
therapeutic strategies in the future.

The strength of this study is the robustness of NLR as a
prognostic factor, even at varying cutoff points in both
exploratory and validation analysis. The limitations of our
study include its retrospective design, and the lack of availability
of plasma EBV viral load data.

In conclusion, the results of this study showed a cutoff point of
NLR of 3 from routine complete blood count to be an
independent poor prognostic factor of OS among patients with
nonmetastatic NPC. NLR with a cutoff point of 3 will be
incorporated into the clinical prognostic model of NPC in the
future study and this further prediction model would select high
risk patients for intensive treatment.
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