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Abstract

Background: Hematological parameters have been associated with prognosis in
patients with nasopharyngeal carcinoma (NPC). The present meta-analysis investi-
gated the utility of neutrophil-lymphocyte ratio (NLR) in the prognosis of patients
with NPC.

Methods: Multiple electronic databases, including PubMed, Embase, the Cochrane
Library, and the Web of Science, were systematically searched for studies assessing
the association between NLR and NPC from 2011 to 2021. The primary outcomes
were overall survival (OS) and progression-free survival (PFS). Pooled hazard ratios
(HRs) and 95% confidence intervals (Cls) were utilized to estimate effect size. Use of
a fixed effect or random effect model was based on heterogeneity stability was
tested by sensitivity analysis, and the risk of bias was assessed by funnel plots. Ran-
dom effects models were used based on the actual results. Because the NLR group-
ing criteria for the included studies differed, subgroup analyses were performed.
Results: A search of the electronic databases identified 14 studies, encompassing
6693 patients, that met the selection criteria. NLR higher than the cutoff value was
significantly associated with poorer OS [HR 1.760, 95% Cl 1.470-2.120, p <0.00001]
and PFS [HR 1.850, 95% Cl 1.430-2.390, p = .006]. Sensitivity analysis showed that
the results of the meta-analysis were relatively stable, and funnel plots were used to
exclude the risk of bias.

Conclusions: Elevated pretreatment NLR in peripheral blood is predictive of poorer
OS and PFS in patients with NPC. NLR is an easily measured and important prognos-
tic factor in patients with NPC.
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1 | INTRODUCTION

Nasopharyngeal carcinoma (NPC) is an epithelial carcinoma arising
from the nasopharyngeal mucosal lining. Tumors in the nasopharynx
are often observed at the pharyngeal recess (fossa of Rosenmiiller).}?
Epidemiologically, individuals in certain regions, races, ethnic groups,
and other parts of the population are particularly susceptible to NPC,
as are certain familial aggregates, suggesting a genetic component.
Due to its hidden location in the nasopharynx, early NPC is frequently
asymptomatic. Pathologically, the tumors involve lymphatic pathways
and are prone to local lymph nodes and distant metastases. In 2005,
the World Health Organization (WHO) pathologically classified NPCs
into type |, consisting of keratinizing squamous cell carcinomas, and
type Il, consisting of non-keratinizing carcinomas, with the latter sub-
divided into differentiated and undifferentiated carcinomas.

At present, the main treatment of NPC consists of a combination
of radiotherapy and chemotherapy.> The 5-year survival rate of
patients with early NPC is >90%, whereas the 5-year survival rate
of patients with middle and late NPC is only 34%-60%, indicating a
need for improvements in the early diagnosis and treatment of NPC.
TNM staging is determined by the anatomical structure of the tumor,
which does not fully reflect its biological heterogeneity. Thus, the
prognosis of patients with the same TNM stage can differ markedly.
More accurate, effective, and convenient indicators are needed to
predict the prognosis of patients with NPC.

Tumor prognosis is not only associated with the biological charac-
teristics of a tumor but it is also associated with the immune-
inflammatory response of the host.* Chronic persistent inflammation
in the tumor microenvironment can promote tumor growth through a
variety of mechanisms, including (1) the promotion cell proliferation,
survival, and epithelial-mesenchymal transition; (2) the promotion of
angiogenesis and lymphangiogenesis; (3) the promotion of the migra-
tion, infiltration, and metastasis of tumor cells; (4) the destruction of
anti-tumor adaptive immune responses; and (5) the alteration in the
reactivity of malignant cells to hormones and chemotherapeutic
drugs.>® Several hematological parameters, including white blood cell,
platelet count, and monocyte counts, along with the neutrophil-
to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and
platelet-to-lymphocyte ratio (PLR), were shown to be independent
factors prognostic of survival in patients with non-small cell lung can-
cer, gastric cancer, and breast cancer.””*® Several studies have evalu-
ated the relationship between NLR and the prognosis of patients with
NPC, but the results have been inconsistent.*®~?? The present study
was designed to resolve any inconsistency and quantify the effect of

NLR on the prognosis of patients with NPC.

2 | MATERIALS AND METHODS

21 | Search strategy

This study was based on the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) statement.?® Four electronic

databases, PubMed, Embase, the Cochrane Library, and the Web of
Science, were searched electronically for studies evaluating the rela-
tionship between NLR and NPC. Key search terms included “nasopha-
ryngeal neoplasms,” “NPC,” “nasopharyngeal diseases,” “nasopharynx,”
“nasophar*,” “rhinophar*,” “naso phar*,” “chonae, “NLR,” “neutrophil-
to-lymphocyte ratio,” and ‘“neutrophil/lymphocyte ratio.” The refer-
ences of retrieved articles were manually searched to identify other rel-
evant studies in retrieved articles. Because all analyses were based on
data from previous studies, the present study does not require ethical

permission or informed consent.

2.2 | Research selection

Studies were included if they: (1) evaluated patients with nonmeta-
static NPC; (2) assessed the effects of pretreatment NLR on the prog-
nosis of patients with NPC; (3) reported treatment outcomes that
included overall survival (OS) or progression-free survival (PFS);
(4) reported hazard ratios (HRs) and their associated 95% confidence
intervals (Cls); and (5) were clinical trials, cohort studies, and case-
control studies.

Studies were excluded if they: (1) were non-human or studies
published in a language other than English; (2) were duplicate studies;
(3) were case reports, meeting proceedings, letters, reviews/meta-
analyses, or laboratory studies; or (4) lacked of extractable data.?*-?”
Two authors independently evaluated the results of the electronic

search, with any differences of opinion resolved by consensus.

2.3 | Information extraction

Data recorded on a standard form for each study included: year of
publication; name of the first author; country in which the study was
performed; disease stage; research design; number, gender, and ages
of patients; treatment; survival outcomes; duration of follow-up;
methods of statistical analysis; NLR cutoff value, HR and Cl. Two
reviewers independently assessed the quality of non-randomized
studies based on the Newcastle-Ottawa Quality Assessment Scale
(NOS).28 NOS scores were rated from O through 9 points, with studies
having a NOS score >6 considered high-quality studies. (Table 1).

2.4 | Statistical analysis

The effects of NLR on OS and PFS were assessed using the pooled
HRs and corresponding 95% Cls, which were obtained directly
from each included study. Heterogeneity was evaluated using the
Cochrane Q test and I? statistics. If heterogeneity was significant
(p < .05 and 12 > 50%), the results were analyzed using a random
effects model; otherwise, the results were analyzed using a fixed
effects model. Sensitivity analyses were performed by excluding
one study and recalculating the pooled HR. Publication bias was

assessed using funnel plots. p-values <.05 were considered
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TABLE 1 Newcastle-Ottawa quality assessment scale of the
included studies.

Studies included Selection Comparability Outcome Score

AKCAY (2019) 0. 8.8.8 ¢ * %k * 7
Chua (2016) 2.8.8.8.9 * % * 7
He (2012) % % %k k * ok * %k 9
Jiang (2018) * % %k * k * % 8
Li (2021) 288,89 * % * ok 8
Liao (2018) 2. 8.8 8 ¢ * ok * 7
Liu (2020) *hhkk  hk * 7
Lu (2017) 2 8.8.8 ¢ * % %k ok 9
Setakornnuku (2021) **x*x*x kK >* %k k 9
Song (2021) *hkkk  hk ** 8
Sun (2016) 2 .8.8.8.¢ * ok * ok 8
Wang (2021) * %k Kk * * % 8
Yao (2019) 2. 8. 8.8 ¢ * %k * k 8
Ye (2018) 2.8.8.8.9 * % * 7

Note: Newcastle-Ottawa Scale (NOS) is a commonly used quality
assessment tool for case-control studies and cohort studies. It evaluates
the quality of included studies through three modules with a total of eight
items. Specifically, it includes population selection, comparability,
exposure/outcome evaluation. NOS uses the semi-quantification principle
of star system to evaluate literature quality. The full score is 9 stars. The
higher the score, the higher the research quality.

statistically significant. Forest plots and funnel plots were drawn

using RevMan5.4 software.

3 | RESULTS

3.1 | Review of electronic databases

Searches of the PubMed, Embase, Cochrane Library, and Web of Sci-
ence databases identified 303 studies records. A review of their titles
and abstracts to exclude duplicate studies, review articles, meta-
analyses, and articles written in languages other than English identi-
fied 33 studies. A further examination of their full texts based on the
inclusion and exclusion criteria identified 14 studies, which included a
total of 6693 patients (Figure 1).

3.2 | Characteristics of the included studies

Table 2 shows the characteristics of the 14 included studies.?*2%-4!
All were performed between 2012 and 2021, with study populations
ranging in size from 62 to 1550 patients. Geographically, most of the

29-3436-39.41 \yhereas the other three were

studies were from China,
from Thailand,?* Singapore,35 and Turkey.40 Therefore, most of the
included patients belonged to the Chinese ethnic group. The disease
stages ranged from stage | to stage IV, and almost all patients were

treated with intensity-modulated radiotherapy (IMRT). All 14 studies

reported 0S,°22*! and nine reported PFS.3032-3436-3941 |3 most
studies, NLR cut-offs were determined using receive operating char-

acteristic (ROC) curves.

3.3 | Overall survival

3.3.1 | Heterogeneity test

The combined results of the 14 studies, involving 6693 patients,
which assessed the ability of NLR to predict OS in patients with NPC,
found that elevated NLR was significantly associated with poor prog-
nosis (HR: 1.76, 95% Cl: 1.47-2.12). p < .00001. I = 73%. Because I
was >50% and the p-value of the Q test was 0.00001, the heteroge-
neity among the 14 included studies was statistically significant and a
random-effects model was used for analysis. The heterogeneity
among included studies was likely due to their regional differences
(Figure 2A).

3.3.2 | Sensitivity analysis

Stability was tested by sensitivity analyses, with these results com-
pared with the original effect size by eliminating each study individu-
ally to explore its impact on the pooled effect variable. The present
meta-analysis was stable, as the HR of the pooled studies did not
change significantly after successive removal of individual studies
(Figure 2B).

3.3.3 | Publication bias
The funnel plot in Figure 2B showed no obvious asymmetry, indicat-

ing a lack of publication bias.

3.34 | Subgroup analysis

Due to the significant heterogeneity among studies, subgroup ana-
lyses were performed to evaluate the prognostic value of NLR in
patients with NPC. Based on differences in their NLR cut-off values,
the studies were divided into two groups, those with the NLR cut-offs
<3 and 23. The heterogeneity between these two groups was high
(2 = 75%, p < .1), indicating that the NLR cut-off value would greatly
affect the results of the meta-analysis. The heterogeneity among
studies with NLR cut-off values 23 was also high (> = 71%, p = .009).
The HR reached 1.43 and was significant (Z = 2.86, p = .004) when
the effect size was pooled by the random effect model, indicating that
an NLR cut-off 23 was associated with poor OS. In contrast, the het-
erogeneity among studies with NLR cut-off <3 groups were slight
(7 = 26%, p = 0.21), enabling the use of a fixed effects model to
combine the effect size (HR: 2.00, 95% Cl: 1.76-2.27). Finally, the
inter-group heterogeneity was high, reaching 75%, indicating that
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¥
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¥
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=
=
1]
=
3 \4
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Inconsistent outcomes (n=3)
¥
= Studies included in review
Q
E (n=14)
S Reports of included studies
£ (n=)

NLR cut-off values had a significant effect on OS, with NLR
cut-off values being more closely related with poor OS (Figure 3A).

Although NLR cutoff values were associated with OS HRs, the
magnitude of this association was very small and unlikely to affect
the interpretation of these results, especially because the NLR cutoff
values in the included studies fell within a relatively narrow range.
Similarly, the 14 included studies were divided into those that evalu-
ated 2300 and < 300 patients. Heterogeneity between these groups
was high (I = 73%, p < .00001). Because the intra-group heterogene-
ity was also high in both groups, a random effects model was used for
analyses. These results suggested that the number of patients per
study was not one of the sources of heterogeneity. (Figure 3B)
According to the research methodology, the subgroups were divided
into those in which variables were compared by univariate and multi-
variate analysis. These intra-group and inter-group differences were
large, indicating that the research method was not the main cause of
study heterogeneity (Figure 3C).

The 14 studies were also divided into those that assessed

Chinese and non-Chinese patients. There was strong heterogeneity

between these two groups (12 = 73%, p < .00001), suggesting that
nationality/ethnicity may be the main source of the pooled effect size
heterogeneity of the meta-analysis results. There was no heterogene-
ity within the Chinese group (> = 0, p = .52), with the 11 studies per-
formed in China having a combined HR of 1.94 and statistical
significance (Z = 12.17, p < .00001). Because there was little hetero-
geneity within the three studies of non-Chinese patients (HR: 1.21,
95% Cl: 1.08-1.35). These findings, indicating that the difference in
nationality was the main cause of heterogeneity, suggested that the
influence of regional differences on the pooled effect size of the
meta-analysis should be considered when determining the inclusion

and exclusion criteria (Figure 3D).

3.4 | Progression-free survival

Of the 14 studies, nine, including 4658 patients, reported HRs for
PFS. Figure 4A shows these forest plots. All studies showed
statistically significant HR, with an overall HR of 1.85 for



ZHAO ET AL

goscope

Laryn

1526

65 (€90°€-055°0) 86C'T 1402/14
LYNI-UoU 1IN
(S8S°C-T8T'T) LV/LT LANI
(8%'2-940)8€'T
(#9-€) €S (2€£'81-5897) £60°L LINI
(££-9)89 (2£9'S-90T°T) G19°C
1IN+ 1d dg
(09-2) 1% (8€C-61'1)89'T D71y
(¥8-S) 05 (LTy-18T)8LT
(9'98-€'T) €5 (6S'T-¥0'T) 62T LANI
LA
80L LI
(0TT-€) 99 (69C-0TT)2LT LA
€91 F€8C
(syauow) swiy dn-mojjoj uelps|y (1D %56) (S4d) ¥H juswgeas)

(T9r'Tr-€69°T) 0818

(SET-¥0T) 61T

(LETE-8TT'T) TL8'T

(62€-80'T) 68T

(80C°L-€L¥'T) 65T°€

(£S¥'S-T¥0T) € 8€T

(€6'T-£8°0) 0T

(9v'1-9£°0) SO'T

(6£T-v0T) LST

(€8¥-0CT) v

(PTT-1€T) 2L T

(098'2-G€T°2) 806'T

(68'1-60T) EV'T

(cos-ovr'T)99C

(95°€-95T)9¢C
(12 %S56) (SO) ¥H

2022
20>
>

€<

zeT

9'€

€L
A
8722
TPz
Tr>

>

-
vLTs
vLT<
12>
9Z>
(S4d)Lz=
(SO)9z=
STs
§T<
6v'2>
622

Al

dIN

yi8oorv
Al-|

Y£ 20rv
BALNEI

Y£ 2orv

£661201V
avAI/Ill
U9 2orv
AT

201V
Al-l

U8 2orv
aAI-Il
201V
AL
18 2orv
BALNLN
Y18 2orv
AL
Y18 2orv
AN

a8e15

(L-2T) €9

(9£-02) 05

)

(z8-£T) 8%
(T£-¥2) 05
(98-8T) 9%

(92-01) L¥

(S6'SL-0EVT) 8'LY

(6L£-€T) T'9V

(9£-5T) 9%
(8L-¥T) S¥
St
0S
(€8-9T) 6¥

STTFEC6v

(s1eaA) a8e uelpa|

(¥e/LL)TTT eulyd (Tzoz) 8uos
(02/2y) 29 Aoxnp-ayasis3 (6T0T) AVINV
(021/L0¢) L2V eulyd (8102) @A
(9¢/¥¥T) 08T uemie| (8T07) cen
(05/L6T) LT eulyd (8T0C) SuElr
(6€/10T) OVT eulyd (£ToT) M
(5£/50€) 08E aiodesuls (9102) ENYD
(€8€/£20T) OTHT eulyD (cT02) °H
(T£/081) 15T eulyd (9T02) Uns
(€8€/£91T) 0SST eulyD (6102) 0_A
(S6/2TT) LOT eulyd (0zoz) N
(LET/92E) €91 puejieyl (TZ0Z) NnUUIONe}RS
(S6/L¥2) THe eulyd (Teoo) N
(T52/2L9) €T6 eulyd (T20T) Suem
(4/N) (u) syusnied Anuno) (1e2A) Joyiny

"S91pNYs Papnjaul 3y} Jo SINSLReIRYD  Z 31AV L



Laryngoscope

ZHAO ET AL 1527
Hazard Ratio Hazard Ratio
_Study or 1 Ratio] SE_Weight IV, Random, 95% CI I\ 95% Cl oy SE(logiHazard Ratio]) :
AKGAY 2019 0.17395331 0.06655201 12.2% 1.19(1.04, 1.36] = o b
Chua 2016 0.04879016 0.16654931  9.2% 1.05 [0.76, 1.46) == od
He 2012 0.45107562 0.21226343  7.8% 1.57[1.04, 2.38] — o5 2 als
Jiang 2018 1.1814204 0.40507408  3.8% 3.26 [1.47,7.21) —_—
Li 2021 0.97832612 0.32575452  5.1% 2,66 [1.40, 5.04) = B 5
Liao 2018 0.63657683 0.28416493  6.0% 1.89[1.08, 3.30] o o
Liu 2020 0.64605557 0.07458035 12.0% 1.91(1.65, 2.21] - 04 e°
Lu 2017 0.8683602 0.42263199  3.6% 2.38[1.04, 5.46) =
Setakornnuku 2021 0.35767444 0.14040794  10.1% 1.43[1.09, 1.88] E#
Song 2021 213771045 0.82196018  1.2%  8.48(1.69, 42.47) - 06 :
Sun 2016 0.87962675 0.35523595  4.6% 2.41[1.20, 4.83) ——
Wang 2021 0.85866162 0.21047825  7.9% 2.36[1.56, 3.57] ==
Yao 2019 0.54232429 0.13684916  10.2% 1.72[1.32, 2.25) il o8
Ye 2018 0.62700738 0.26319529  6.5% 1.87[1.12,3.14] == ¢ o
Total (95% Cl) 100.0% 1.76 [1.47, 2.12) * ; Hazard Ratia
Heterogeneity: Tau? = 0.07; Chi* = 47.87, df = 13 (P < 0.00001); I* = 73% o o1 y e v s R H " =

Test for overall effect: Z = 6.01 (P < 0.00001)

(A)

FIGURE 2

Favours [experimental]

Favours [control]

(B)

(A) Forest plot showing the hazard ratios for overall survival in each of the included studies. The sizes of the squares and the

horizontal lines crossing the squares represent the weight of each study in the meta-analysis and the 95% confidence intervals (Cls), respectively.
The middle and width of the diamond indicate the pooled hazard ratio (HR) and its 95% Cl. (B) Funnel plot of the NLR for OS. NLR, neutrophil-

to-lymphocyte ratio; OS, overall survival.
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tion between NLR and PFS. The heterogeneity among the
selected studies was statistically significant, allowing the use of a
random effect model was used. In order to test stability, sensitiv-
ity analysis of PFS was performed by removing each study indi-

vidually and comparing these effect sizes to the original effect
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Li2021 097832612 032575452  5.1% 2.66(1.40, 5.04)
Setakomnuku 2021 035767444 0.14040794 10.1% 1.43[1.09, 1.88]
Wang 2021 0.85866162 0.21047825 7.9% 2.36 [1.56, 3.57]
Yao 2019 0.54232429 0.13684916  10.2% 1.72[1.32, 2.25]
Ye 2018 0.62700738 0.26319529  6.5% 1.87[1.12,3.14)

Subtotal (95% CI) 56.7%
Heterogeneity: Tau® = 0.04; Chi = 13,51, df = 6 (P = 0.04); F = 56%
Test for overall effect: Z = 4.57 (P < 0.00001)

1.65 (1.33, 2.04]

1.4.2 <300

AKGAY 2019 0.17395331 0.06655201 12.2% 1.19(1.04, 1.36] r
Jiang 2018 1.1814204 0.40507408 3.8% 3.26[1.47,7.21]
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Subtotal (95% CI) 433%
Heterogeneity: Tau® = 0.11; Chi* = 34.13, df = 6 (P < 0.00001); F = 82%
Test for overall effect: Z = 4.05 (P < 0.0001)

1.99 [1.43,2.78)

SRR

Total (95% CI)
Heterogeneity: Tau® = 0.07; Chi* = 47.87, df = 13 (P < 0.00001); I = 73%
Test for overall effect: Z = 6.01 (P < 0.00001)

Test for subaroun differences: Chi* = 0.88. df = 1 (P = 0.35). I’ = 0%

(B)

100.0%  1.76 [1.47,2.12)

001 01 10 100
Favours (experimental]  Favours [control]

Hazard Ratio Hazard Ratio
Study or Subgroup. Ratiol SE_Weight IV, Fixed, 95% CI IV, Fixed. 95% C1
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Liu 2020 064605557 0.07458035 27.8%  1.91[1.65,2.21] -
Lu2017 0.8683602 0.42263199  0.9%  2.38(1.04, 5.46] e
Song 2021 213771045 082196018  0.2% 8.48[1.69, 42.47)
Sun 2016 087962675 0.35523595 1.2%  2.41(1.20,4.83] —
Wang 2021 085866162 021047825 3.5%  2.36[1.56,3.57) -
Yao 2019 054232429 013684916  82%  1.72(1.32,2.25] =
Ye 2018 062700738 026319529  22%  1.87[1.12,3. =
Subtotal (95% CI) 51.8% 1.94[1.75,2. +
Hterogeneity: Chi* = 9.12, df = 10 (P = 0.52); I = 0%
Test for overall effect: Z = 12.17 (P < 0.00001)
1.6.2 non-China
AKGAY 2019 017395331 0.06655201 34.9%  1.19[1.04,1.36] =
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Subtotal (95% Cl) 48.2% 1.21[1.08,1.35) *
Hterogeneity: Chi* = 2.20, df = 2 (P = 0.33); I = 9%
Test for overall effect: Z = 3.35 (P = 0.0008)
Total (95% CI) 100.0%  1.55[1.43, 1.67) ‘
Heterogeneity: Chi* = 47.87, df = 13 (P < 0.00001); I* = 73% e o 1 5 P,
Test for overall effect: Z = 11.08 (P < 0.00001) Favours [experimental]  Favours [control]

Test for subarouo differences: Chi* = 36.55. df = 1 (P < 0.00001). F* = 97.3%

(D)

Forest plots of the studies categorized by (A) NLR cut-off, (B) number of patients, (C) analytic methods, and (D) nationality/

size. There were no significant changes in the combined HR, indi-
cating that the results of this study were stable. A funnel plot
evaluating the risk of bias showed no significant asymmetry
(Figure 4B), indicating that there was no significant publication
bias. Due to the small number of studies evaluating DSS and

DMES, their pooled effect sizes are not shown.
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Test for overall effect: 2 = 4.71 (0 < .00001) Favours [experimental) Favours [control]
(A) (B)
FIGURE 4 (A) Forest plot of NLR for PFS. (B) Funnel plot showing the risk of bias of the NLR for PFS. PFS, progression-free survival.
4 | DISCUSSION biological aspects of the dynamics of neutrophils and lymphocytes in

Research on the relationship between inflammation and tumors began
in the 19th century. Studies showed that measurable parameters in
the blood that reflect systemic inflammatory responses are altered
in patients with cancer, including hypoalbuminemia and elevated
levels of C-reactive protein, pro-inflammatory cytokines, and leuko-
cyte subtypes. Biochemical markers of inflammatory response have
been incorporated into prognostic scores for several cancers.*?3
Chronic inflammatory lesions often occur secondary to tumors, with
inflammatory cells frequently present in tumor biopsy samples.*> Epi-
demiological studies have confirmed the correlation between inflam-
mation and the occurrence of tumors, with 25% of tumors developing
from inflammatory lesions. Inflammatory cells and regulatory factors
are present in the microenvironment of most tumors, whether or not
they promote tumor progression. Tumor-associated inflammation is
not only present during early stages of tumors, but inflammatory regu-
lators and inflammatory cells are also involved in the migration, inva-
sion, and metastasis of malignant cells. Some inflammatory factors can
increase the invasive ability of malignant cells, possibly by their up-
regulation of chemokine receptor expression. Therefore, sufficient
attention should be paid to long-term chronic inflammation to prevent
the occurrence and development of tumors.® To date, many hemato-
logical parameters have been utilized to predict tumor prognosis, such
as NLR, PLR, CPR/ALB, and GPS.1*"' Tests for these markers are
accurate, inexpensive, and readily available. Elevated NLR in periph-
eral blood has been shown to be an indicator of poor prognosis in var-
ious cancers. NLR can be easily measured in daily clinical practice and
can aid in stratifying patients in clinical trials. Multiple meta-analyses
have shown that elevated NLR before treatment is significantly asso-
ciated with poor prognosis in patients with various solid tumors,’ such
as mesothelioma, pancreatic cancer, renal cell carcinoma, colorectal
cancer, gastroesophageal cancer, non-small cell lung cancer,” cholan-
giocarcinoma, and hepatocellular carcinoma. Few studies to date,
however, have evaluated the prognostic significance of NLR in
patients with NPC.

Currently, NLR is widely used in almost all medical disciplines as a
reliable and readily available marker of immune responses to a variety

of infectious and noninfectious stimuli. The immunological and

circulating blood have been analyzed during endocrine stress, auto-
nomic nervous system imbalance, and systemic inflammation. NLR
reflects the dynamic relationship between innate (neutrophils) and
adaptive (lymphocytes) cellular immune responses in diseases and
other pathological states. Neutrophils are involved in tumor cell
growth, angiogenesis, and metastasis by producing cytokines and
releasing angiogenic factors. Lymphocytic infiltration is of great signif-
icance in improving tumor prognosis and response to treatment.**
Low numbers of lymphocytes are associated with the inability to
mount a strong immune response. Thus, higher NLR may represent a
rough indicator of the relationships among tumors, inflammatory
responses, and the overall immune system.

NLR is influenced by many factors, including age; medications;
chronic diseases, such as coronary heart disease, stroke, and diabetes;
obesity; psychiatric conditions; solid organ cancers; anemia, and
stress. Normally, NLR ranges from 1 to 2. In adults, an NLR >3.0 or
<0.7 is indicative of pathological conditions, with NLRs ranging from
of 2.3 to 3.0 regarded as an early warning of pathological states or
processes, such as cancer, atherosclerosis, infection, inflammation,
mental disorders, and stress. NLR is a reliable and inexpensive marker
of persistent cancer-related inflammation and an effective prognostic
indicator of outcomes in patients with solid tumors. Most meta-
analyses investigating the prognostic value of NLR in patients with
various solid tumors have found that a cutoff >3.0 (IQR 2.5-5.0) was
indicative of a poorer prognosis.

NLR has several advantages in oncology. First, NLR can help
stratify patients by tumor size, tumor stage, metastatic potential, and
lymphatic invasion. NLR is independent prognostic effect of OS,
cancer-free survival, and cancer-specific survival, and can assist in
monitoring tumor response to treatment, including with biological
agents and immune checkpoint inhibitors. NLR is a very sensitive indi-
cator of infection, inflammation, and sepsis. NLR should be monitored
daily in patients with acute and critical illnesses, with both absolute
NLR and its dynamic course measured. A marked increase in NLR to
>11, >17 and even >30 can indicate the severity of critical illness and
the levels of stress and serious inflammation. Improvements in the
clinical course of sepsis and critical iliness, as well as lower risks of

mortality, have been associated with a reduction in NLR values <7.*
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NLR helps distinguish between more and less severe diseases. NLR
assays are low in cost, easy to perform, yield a rapid response, have
high sensitivity and low specificity, and respond to stress and
inflammatory parameters. Dynamic changes in NLR occur several
hours before changes in clinical status and may be early indicators
of pathological processes. NLR is a novel perspective marker of
cellular immune activation and a potent indicator of stress and
systemic inflammation, which opens a new dimension to clinical
medicine and contributes to a better understanding of the biology
of inflammation, the coupling and antagonism between innate and
adaptive immunity and its clinical consequences for health and
disease.

NLR however, can be affected by pre-existing autoimmune dis-
eases, acute inflammation, and hematological disorders and is
therefore a less reliable indicator of pathological processes in
patients with these conditions. Moreover, although these bio-
markers present a snapshot of inflammation, the immune system
and inflammatory markers are dynamic. Thus, biomarkers may not
truly reflect the overall situation of a patient. In addition, these
markers are systemic and do not necessarily describe the nature of
the tumor microenvironment.®

The present meta-analysis of 14 studies involving 6693 patients
evaluated the effect of NLR on the prognosis of patients with NPC.
Pooled HRs showed that elevated NLR was significantly associated
with poorer OS (HR: 1.76, 95% Cl: 1.47-2.12) and PFS (HR: 1.85,
95% Cl: 1.43-2.39) in Asian patients with NPC. OS results were
highly heterogeneous, and subgroup analysis was needed to iden-
tify the source of heterogeneity. Some subgroups (national popula-
tions and NLR cutoff values) showed low heterogeneity. Subgroup
analysis that divided nationality into Chinese and non-Chinese
groups eliminated the heterogeneity of OS, a heterogeneity that
may be due to differences among countries in clinical study
methods. These findings suggest that heterogeneity was due to
methodological parameters rather than clinical factors. Because
this meta-analysis included a limited number of studies, however,
patients could not be evaluated by clinical subgroups, such as
tumor histology or site. Because some subgroups were highly het-
erogeneous, both within and between groups, their results could
not be combined. Subgroup analyses of studies that included 2300
and < 300 patients showed that the former group (> = 56%) was
less heterogeneous than the latter group (1> = 82%). In addition,
groups with NLR cutoffs <3.0 were less heterogeneous than those
with higher cutoffs.

The present study had several limitations. First, this meta-analysis
included only 14 studies, with most studies using univariate analysis
to calculate the association between NLR and HR for survival out-
comes; other studies did not report the results of univariate anal-
ysis but did report the results of multivariate analysis. Several
studies included inflammatory markers as covariates in multivari-
ate models along with NLR, which may have led to an underesti-
mation of NLR. Second, most of the patients in this study were
from China, and others were from other areas of East Asia. Eth-

nicity may affect the associations between NLR and survival

outcomes in patients with NPC. Although the incidence of NPC is
higher in China and Southeast Asia than in other areas of the
world, the findings of this study may be applicable only to East
Asian populations. Third, the cutoff values of the included studies
were determined according to different criteria, resulting in het-
erogeneity among the cutoff values for hematological parameters.
Because the number of studies was limited, meta-regression ana-
lyses could not be performed to explore the relationship between
boundary values and the effects of NLR. Therefore, the optimal
NLR cut-off value for clinical use could not be determined. In gen-
eral, the present meta-analysis results showed that, in most
patients, pretreatment of NLR is a negative prognostic factor in
patients with NPC. Application, to clinical biomarkers requires a
system of evaluation, with additional clinical data needed to con-

firm this conclusion.

5 | CONCLUSION

The results of this meta-analysis showed that higher pre-treatment
NLR was associated with poorer OS and PFS in patients with NPC.
NLR is an accurate, easily determined parameter that can act as a

valuable prognostic indicator in patients with NPC.
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