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Abstract

Purpose The prognostic utility of the prognostic nutritional index (PNI) in nasopharyngeal carcinoma (NPC) has never been
systematically reviewed. Therefore, we performed this meta-analysis.

Methods We performed comprehensive research via Embase, PubMed, Web of Science and the Cochrane Library. The
pooled hazard ratios (HRs) and odds ratios (ORs) with 95% confidence intervals (CIs) were applied to explore the relation-
ship between PNI and overall survival (OS), progression-free survival (PFS), locoregional failure-free survival (LRFFS),
distant metastasis-free survival (DMFS) and clinical features. Both univariate analysis (UVA) and multivariate analysis
(MVA) were used.

Results A total of 8 eligible studies including 3631 patients were ultimately enrolled. A low PNI level was significantly
associated with a shorter OS [(HR 2.06, P <0.00001; UVA) and (HR 1.78, P <0.00001; MVA)], PFS [(HR 2.27, P=0.006;
UVA) and (HR 1.45, P=0.0003; MVA)] and DMFS [(HR 2.06, P <0.00001; UVA) and (HR 2.04, P <0.00001; MVA)].
However, only one study reported the LRFFS of NPC patients, and there was no significant difference [HR 1.68, P=0.26].
Furthermore, female patients, higher tumor stage, a lower alanine transaminase (ALT) level and a lower white blood cell
(WBC) level were associated with a lower PNI level.

Conclusion Our meta-analysis indicated that NPC patients with a low PNI level had worse OS, PFS and DMFS, and a low
PNI level was associated with female patients, higher tumor stage, a lower ALT level and a lower WBC level. These findings
indicate that PNI is a promising prognostic biomarker.
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Introduction

Nasopharyngeal carcinoma (NPC), an epithelial malig-
nancy of the nasopharynx, is characterized by an extremely
uneven global distribution, occurring predominantly in east
and Southeast Asia [1]. The incidence of NPC is higher in
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system, which is employed for guiding treatment strategies,
cancer control and predicting patient outcomes. However,
the existing staging system has a limited ability for pre-
dicting survival or treatment effects, and the outcomes of
patients with the same TNM stage are variable. Thus, identi-
fying biomarkers associated with stratification of prognostic
risk and therapeutic response and then optimizing treatment
choices for the diverse subgroups in this population remains
an essential theme for the next decade [1].

The prognostic nutritional index (PNI), as an effective
tool to evaluate the nutritional and immunological status
of cancer patients, is calculated based on two values: the
serum albumin concentration and total lymphocyte count
in the peripheral blood [11]. Recently, numerous studies
have shown that PNI is a meaningful prognostic marker
in patients with various types of malignant tumors such as
esophageal cancer [12], colorectal cancer [13], and gyneco-
logical cancer [14]. Although emerging evidence has
revealed that the pretreatment PNI is related to the long-
term survival outcomes of NPC patients [15-22], its clini-
cal prognostic utility has never been comprehensively and
systematically reviewed. Therefore, we performed this meta-
analysis to explore the prognostic role of the pretreatment
PNI and to evaluate the relationship between PNI level and
clinicopathological parameters in patients with NPC.

Methods and materials
Search strategy

We conducted this meta-analysis according to the guidelines
of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [23] and searched Embase, Pub-
Med, Web of Science and the Cochrane Library for eligible
studies up to April 2020. The literature was searched by a
combination of medical subject heading (MeSH) terms and
text words: “Nasopharyngeal Carcinoma”[Mesh], “PNI”,
“prognostic nutritional index”. There were language restric-
tions and only articles published in English were included in
the selection process. Furthermore, the search results were
supplemented by systematically screening the reference lists
of the eligible studies.

Inclusion and exclusion criteria

Inclusion criteria: (1) patients were diagnosed with NPC
histopathologically; (2) the PNI was noted before clinical
treatment; (3) the association of PNI with overall survival
(OS), progression-free survival (PFS), locoregional failure-
free survival (LRFFS) and/or distant metastasis-free survival
(DMES) were recorded; (4) available data with 95% confi-
dence intervals (CIs) was provided.

Exclusion criteria: (1) case reports, letters, reviews, con-
ference abstracts and articles published in only abstract
form; (2) no adequate data; (3) repeated articles or data.

Quality assessment

In our meta-analysis, the Newcastle-Ottawa quality assess-
ment Scale (NOS) was applied to assess the quality of the
eligible reports [24]. In short, each study can have a maxi-
mum of 9 points: selection (4 points maximum), compara-
bility (2 points maximum) and outcomes (3 points maxi-
mum). We defined articles with a score of 6 or higher as
high-quality articles [25]. The quality was assessed by two
objective investigators and any discrepancies were debated
with a third reviewer to reach consensus.

Data extraction

Using a standardized data collection form, two authors
extracted the data independently and any conflicts were
resolved after discussion. The following items were
extracted from each eligible study: first author, year of pub-
lication, region where the study was conducted, sample size,
patient characteristics, sex, age (median, range), TNM stage,
methods of PNI cut-off determination, PNI cut-off value,
EBV-DNA, EA/IgA titers, VCA/IgA titers, the numbers of
low-PNI and high-PNI subjects and follow-up duration. In
addition, direct extraction of hazard ratios (HRs) with 95%
CIs concerning the prognostic value of PNI in terms of OS,
PFS, LRFFS and DMFS; and the odds ratios (ORs) with
95% Cls concerning the association between PNI and clin-
icopathological features was also performed.

Statistical analysis

Revman 5.3.0 software was applied for the current pooled
analysis. For the prognostic role of PNI and other risk fac-
tors of OS, PFS, LRFFS and DMFS, the pooled HRs along
with 95% CIs were applied. The ORs with 95% ClIs were
used to estimate the relationship between the pretreat-
ment PNI level and clinical features in NPC patients, such
as tumor stage, node stage, TNM stage, sex, age, smok-
ing habits, body mass index (BMI), alanine transaminase
(ALT), aspartate transaminase (AST), lactate dehydrogenase
(LDH), hemoglobin (HGB), white blood cell count (WBC).
Both univariate analysis (UVA) and multivariate analysis
(MVA) were used. Heterogeneity among the included trials
was assessed by the Cochrane Q test and the I test. An I
value greater than 50% and a P value less than 0.1 for the
Q statistic indicated there was significant heterogeneity, so
the random-effects model was used for pooled analysis of
the data. When heterogeneity was not evident (P value > 0.1
and I? value < 50%), a fixed-effects model was applied to
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estimate the pooled HRs or ORs. Meanwhile, a sensitiv-
ity analysis was carried out to check the robustness of the
pooled results. Using STATA software (version 15.1; Stata
Corporation, College Station, TX, USA), we applied Begg’s
test to evaluate the publication bias between the researches.
A P value of less than 0.05 (two-sided) was considered sta-
tistically significant.

Results
Retrieval of literature and study characteristics

Originally, 110 citations were identified through the vari-
ous databases. After adjusting for duplicates, 45 remained.
Among these, 36 publications were eliminated for various
reasons. After full text review of 9 studies, we excluded 1
paper inconsistent with the pre-established criteria. The pro-
cess of literature selection and detailed identification of the
relevant papers is depicted in Fig. 1. A total of eight studies
[15-22] published between 2015 and 2020, including 3631
participants, were eventually included in our research after
systematic selection. The NOS scores of the included stud-
ies were all above 6 points and the baseline characteristics
of the eight included studies are presented in Table 1. The
median follow-up time ranged from 13 to 109.5 months.
For the PNI cut-off determination, six articles [16-21] used
receiver-operating characteristic (ROC) curve analysis, and
two articles [15, 22] defined the median value as the opti-
mal cut-off value. Among the eight studies, seven studies
[15, 16, 18-22] reported the prognostic value of PNI for
OS, four [15, 19, 21, 22] for PFS, one [20] for LRFFS, and
five [15, 17-20] for DMFS. Moreover, the cut-off value of
PNI described in each article was different, ranging between
45.58 and 55, 45.45 and 55, and 45.58-55 for OS, PFS and
DMES, respectively.

PNI and OS

To evaluate the prognostic significance of the pretreatment
PNI level in terms of OS, a total of five eligible studies [16,
19-22] provided relevant data allowing for pooling via
UVA, and 6 articles [15, 16, 18-21] were able to be pooled
via MVA. NPC patients with a low PNI experienced worse
OS [(HR 2.06, 95% CI 1.61-2.64, P <0.00001; I*=0%,
P=0.81; UVA; Fig. 2) and (HR 1.78, 95% CI 1.46-2.18,
P <0.00001; P= 0%, P=0.45; MVA; Fig. 3)] compared
with those with a high PNI. No significant heterogeneity
was observed among the studies, supporting the validity of
the results. Additionally, the results of the sensitivity analy-
sis showed no individual report exerting a critical impact on
the pooled data, also indicating the conclusion is reliable.
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PNI and PFS

PFS was mentioned in four reports [15, 19, 21, 22]. NPC
patients with a low PNI experienced inferior PFS [(HR
2.27, 95% CI 1.27-4.05, P=0.006; I’=68%, P=0.05;
UVA; Fig. 4) and (HR 1.45,95% CI 1.18-1.78, P=0.0003;
P=8%, P=0.35; MVA; Fig. 5)] compared to those with a
high PNI. According to the results of sensitivity analysis
on MVA, no single trial was found to play a critical role in
the results. Of note, we employed random-effects models to
calculate the pooled HR because of significant heterogene-
ity existing for UVA (?=68%, P=0.05). According to the
results of sensitivity analysis on UVA, the trial conducted
by Oei et al. [19] was found to have a crucial effect on the
result. After omitting the study, the pooled HR was still
statistically significant between the low PNI and high PNI
groups (HR 3.14, 95% CI 1.91-5.17, P <0.0001; I*=0%,
P=1) and the results showed that a low PNI was likely to
predict a shorter PFS.

PNI and DMFS

Five articles [15, 17-20] with a total of 2812 patients
reported DMFS in NPC patients. Since no significant het-
erogeneity existing [(P=0%, P=0.71; UVA; Fig. 6) and
(12 =0%, P=0.45; MVA; Fig. 7), fixed-effects models were
used for the analyses of DMFS. As displayed in Fig. 6
and Fig. 7, the pooled HRs were 2.06 (95% CI 1.60-2.67,;
P <0.00001) and 2.04 (95% CI 1.66-2.50; P <0.00001) on
UVA and MVA, respectively. The pooled estimate for DMFS
suggested that the pretreatment PNI was obviously related to
DMES and a reduced PNI was significantly associated with
a poor DMFS. Furthermore, the results from the sensitiv-
ity analysis further certified the robustness of the combined
results.

PNI and LRFFS

Only one study [20] with a total of 95 patients reported
the LRFFS of NPC patients. No significant difference was
found between the two groups [HR 1.68, 95% CI 0.70-4.26,
P=0.26].

PNI and clinical features

The pooled results demonstrated that a higher tumor stage
(OR 1.25,95% CI 1.01-1.54, P=0.04; I’=0%, P=0.85),
a lower ALT level (OR 1.47,95% CI 1.13-1.93, P=0.005;
P=41%, P=0.19) and a lower WBC level (OR 1.45, 95%
CI 1.11-1.90, P=0.007; P =0%, P=0.43) were associated
with a lower PNI value. The pooled OR revealed that male
NPC patients were associated with a higher PNI (OR 0.75,
95% CI 0.61-0.92, P=0.007; I’=0%, P=0.67) as well.
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Fig. 1 Results of search strategy

There was no evidence of significant heterogeneity among
the eligible studies. The association between PNI and the
clinical features of the NPC patients are shown in Table 2.
However, no statistically significant differences
were observed between PNI level and age (OR 1.77,
95% CI 1.00-3.12, P=0.05; I’=79%, P=0.002), node
stage (OR 1.34, 95% CI 0.76-2.37, P=0.31; I’ =78%,
P=0.004), TNM stage (OR 1.24, 95% CI 0.64-2.38,
P=0.52; ’=58%, P=0.09), smoking (OR 1.06, 95% CI

0.82-1.38, P=0.65; I’=0%, P=0.87), BMI (OR 1.29,
95% CI 0.52-3.20, P=0.59; F =82%, P=0.02), AST (OR
1.12,95% CI 0.86-1.46, P=0.41; P =0%, P=0.72), LDH
(OR 1.02, 95% C10.78-1.33, P=0.90; I’ =0%, P=0.33)
along with HGB (OR 1.93, 95% CI 0.72-5.20, P=0.19;
FP=92%, P <0.00001). The sensitivity analysis demon-
strated the trial conducted by Oei et al. [19] played a main
role in the pooled result of age. When this outlier study
was excluded, the pooled result was statistically significant
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% ClI
Gundog 2019 0.9297 0.4519 7.9% 2.53[1.04, 6.14]
He 2019 1.0937 0.377 11.3% 2.99[1.43, 6.25] —_—
Oei 2018 0.6645 0.2256 31.6% 1.94[1.25, 3.02] —a—
Wei 2016 0.6123 0.2002 40.1% 1.84[1.25,2.73] —
Zeng 2020 0.7788 0.4212 9.1% 2.18[0.95, 4.97] —
Total (95% Cl) 100.0% 2.06 [1.61, 2.64] <
P 2 _ _ _ <12 = OY I } t |
_II-_|eterfogene|tyI.IC?f| = 12.5_7,5d7f0—: (PO—OC(;.OBOII), 12 = 0% o1 o1 o 100
est for overall effect: Z=5.70 (P < 0. ) Favours [low-PNI] Favours [high-PNI]
Fig. 2 Forest plot of the association between PNI and overall survival (OS) of nasopharyngeal carcinoma (UVA)
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed, 95% Cl 1V, Fixed, 95% ClI
Du 2015 0.4062 0.161 40.0% 1.50[1.09, 2.06] -
Gundog 2019 0.8953 0.4522 5.1% 2.45[1.01, 5.94]
He 2019 0.8137 0.3883 6.9% 2.26 [1.05, 4.83] —
Miao 2017 0.9991 0.2674 14.5% 2.72[1.61, 4.59] —
Oei 2018 0.4708 0.2372 18.4% 1.60[1.01, 2.55] =
Wei 2016 0.5493 0.2616 15.1% 1.73[1.04, 2.89] —=—
Total (95% Cl) 100.0% 1.78 [1.46, 2.18] L 3
ity: Chi2 = - - 12 = 0% ' " } i
T
est for overall effect: Z = 5.68 (P < 0. ) Favours [low-PNI] Favours [high-PNI]
Fig. 3 Forest plot of the association between PNI and overall survival (OS) of nasopharyngeal carcinoma (MVA)
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
He 2019 1.1441 0.3602 28.6% 3.14 [1.55, 6.36] —
Oei 2018 0.3866 0.167 42.9% 1.47 [1.06, 2.04] -
Zeng 2020 1.1441 0.3602 28.6% 3.14 [1.55, 6.36] —a—
Total (95% Cl) 100.0%  2.27 [1.27, 4.05] O
PP 2 _ . 2 _ _ T 0 I } } |
?ete:cogeneuyl.sz;? = (Z)ESZ (;Igl P—_6(.)13(,)gf =2 (P =0.05);!1°=68% o1 o 1 100
est for overall effect: Z = 2.78 (P = 0. ) Favours [low-PNI] Favours [high-PNI]
Fig.4 Forest plot of the association between PNI and progression-free survival (PFS) of nasopharyngeal carcinoma (UVA)
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% ClI
Du 2015 0.3789 0.1503 47.7% 1.46[1.09, 1.96] L
He 2019 0.2956 0.3387 9.4% 1.34[0.69, 2.61] -
Oei 2018 0.2437 0.1758 34.9% 1.28[0.90, 1.80] ™
Zeng 2020 0.9714 0.3657 8.1% 2.64[1.29, 5.41] B —
Total (95% Cl) 100.0% 1.45[1.18,1.78] ¢
ity: Chi2 = - - 12 = 89 ' " } i
Heterogeneity: Chi* = 3.27, df = 3 (P = 0.35); I° = 8% o1 o1 0 100

Test for overall effect: Z = 3.58 (P = 0.0003)

Favours [low-PNI] Favours [high-PNI]

Fig. 5 Forest plot of the association between PNI and progression-free survival (PES) of nasopharyngeal carcinoma (MVA)

(OR 1.46,95% CI 1.12-1.90, P=0.005; > =0%, P =0.49)
and showed that advanced age was associated with a
reduced pretreatment PNI level. With regard to node stage

and TNM stage, the sensitivity analysis showed the report
published by Oei et al. [19] exerted a significant impact on
these results. When this outlier study was removed, the OR
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Study or Subgroup log[Hazard Ratio] SE Weight

Hazard Ratio

Hazard Ratio

Gundog 2019 0.3148 0.5737 5.3%
Oei 2018 0.8206 0.2373  30.8%
Yang 2016 0.7128 0.1647 63.9%
Total (95% CI) 100.0%

Heterogeneity: Chi’ = 0.68, df = 2 (P = 0.71); I> = 0%

IV, Fixed, 95% CI IV, Fixed, 95% ClI
1.37 [0.45, 4.22]

2.27[1.43, 3.62] —a—
2.04 [1.48, 2.82] .
2.06 [1.60, 2.67] &

0.1

10

_ 0.01 100
Test for overall effect: Z = 5.51 (P < 0.00001) Favours [low-PNI] Favours [high-PNI]
Fig.6 Forest plot of the association between PNI and distant metastasis-free survival (DMFS) of nasopharyngeal carcinoma (UVA)
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% ClI
Du 2015 0.472 0.1848 32.5% 1.60([1.12,2.30] &
Miao 2017 0.7904 0.3227 10.7% 2.20[1.17, 4.15]
Oei 2018 0.7583 0.2406 19.2% 2.13[1.33, 3.42] —
Yang 2016 0.8707 0.1717 37.7% 2.39[1.71, 3.34] -
Total (95% CI) 100.0% 2.04 [1.66, 2.50] <
Heterogeneity: Chi® = 2.64, df = 3 (P = 0.45); I> = 0% I t } {
. 0.01 0.1 10 100
Test for overall effect: Z = 6.75 (P < 0.00001) Favours [low-PNI] Favours [high-PNI]
Fig. 7 Forest plot of the association between PNI and distant metastasis-free survival (DMFS) of nasopharyngeal carcinoma (MVA)
Table 2 The association between PNI and the clinical features of the nasopharyngeal carcinoma (NPC) patients
Clinical parameters Number of trials (num-  Effect Heterogeneity Model
ber of patients)
OR (95% CI) P value P P value
Sex (male vs. female) 5(2412) 0.75 (0.61-0.92) 0.007* 0% 0.67 Fixed
Age (old vs. young) 4 (2035) 1.77 (1.00-3.12) 0.05 79% 0.002 Random
Tumor stage (T3-T4 vs. T1-T2) 4(2225) 1.25 (1.01-1.54) 0.04* 0% 0.85 Fixed
Node stage (N2-N3 vs. NO-N1) 4(2225) 1.34 (0.76-2.37) 0.31 78% 0.004 Random
TNM stage (III-IV vs. I-1I) 3(1057) 1.24 (0.64-2.38) 0.52 58% 0.09 Random
Smoking (yes vs. no) 2 (1545) 1.06 (0.82-1.38) 0.65 0% 0.87 Fixed
BMI (high vs. low) 2 (564) 1.29 (0.52-3.20) 0.59 82% 0.02 Random
AST (low vs. high) 2 (1355) 1.12 (0.86-1.46) 0.41 0% 0.72 Fixed
ALT (low vs. high) 2 (1355) 1.47 (1.13-1.93) 0.005* 41% 0.19 Fixed
LDH (low vs. high) 2 (1355) 1.02 (0.78-1.33) 0.90 0% 0.33 Fixed
WBC (low vs. high) 2 (1355) 1.45 (1.11-1.90) 0.007* 0% 0.43 Fixed
HGB (low vs. high) 3(1732) 1.93 (0.72-5.20) 0.19 92% <0.00001 Random

*P value statistically significant (P <0.05)

PNI prognostic nutritional index, OR odds ratio, CI confidence interval, TNM tumor-node-metastasis, BMI body mass index, AST aspartate

transaminase, ALT alanine transaminase, LDH lactate dehydrogenase, WBC white blood cell, HGB hemoglobin

was statistically significant (OR 1.63 95% CI 1.23-2.16,
P=0.0007; P=0%, P= 0.62) and still nonsignificant
(OR 1.69, 95% CI 0.94-3.03, P=0.08; I’=0%, P=0.34),
respectively. In the case of HGB, the sensitivity analy-
sis showed that the article conducted by Wei et al. [16]
played an important role in the result. After the article was
excluded, the pooled result indicated that a lower HGB
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value was associated with a lower PNI value (OR 3.2, 95%
CI 1.22-8.36, P=0.02; I’ =87%, P =0.006).

Other risk factors and OS/PFS/DMFS/LRFFS

We explored whether the OS was influenced by seven
risk factors, the PFS by three and the DMFS by four. The



International Journal of Clinical Oncology (2021) 26:66-77 73
Table 3 The pooled results of the association between other risk factors and overall survival (OS)
Factors Number of trials (num-  Effect Heterogeneity Model

ber of patients)

HR (95% CI) P value P P value

Sex (female vs. male)
UVA 4(1244) 0.87 (0.64-1.17) 0.35 0% 0.45 Fixed
Age (old vs. young)
UVA 4(1244) 1.24 (0.60-2.55) 0.56 87% <0.0001 Random
MVA 3(1057) 1.29 (0.47-3.55) 0.62 83% 0.002 Random
Tumor stage (T3-T4 vs. T1-T2)
UVA 3 (1057) 1.41 (1.00-1.99) 0.05 0% 0.95 Fixed
Node stage (N2-N3 vs. NO-N1)
UVA 2 (680) 1.39 (1.02-1.90) 0.04* 28% 0.24 Fixed
HGB (high vs. low)
UVA 2 (564) 0.74 (0.50-1.11) 0.14 0% 0.33 Fixed
AGR (low vs. high)
UVA 2 (350) 4.30 (1.01-18.35) 0.05 67% 0.08 Random
ALB (low vs. high)
UVA 2 (350) 2.65 (1.35-5.21) 0.005%* 0% 0.34 Fixed

*P value statistically significant (P <0.05)

HR hazard ratio, CI confidence interval, UVA univariate analysis, MVA multivariate analysis, HGB hemoglobin, AGR albumin/globulin ratio,

ALB albumin

pooled results of OS are summarized in Table 3. The
pooled results of PFS are summarized in Table 4. The
pooled results of DMFS are summarized in Table 5. The
OS was notably affected by node stage (HR 1.39, 95%
CI 1.02-1.90, P=0.04; I’=28%, P=0.24; UVA) and
ALB (HR 2.65, 95% CI 1.35-5.21, P=0.005; ’=0%,
P=0.34; UVA). The PFS was remarkably affected by
tumor stage [(HR 1.53; 95% CI 1.14-2.04, P=0.004;
P=0%, P=0.92; UVA) and (HR 1.45; 95% CI1.16-1.82,

P=0.001; P=0%, P=0.79; MVA)], age [(HR 1.72; 95%
CI 1.28-2.32, P=0.0004; I°’=0%, P=0.61; UVA) and
(HR 1.62;95% CI 1.19-2.21, P=0.002; I’=0%, P=0.57;
MVA)]. Moreover, our results indicated that DMFS was
associated with sex (HR 1.36,95% CI 1.02-1.83, P=0.04;
P =0%, P=0.44; UVA), and tumor stage (HR 1.71, 95%
CI 1.13-2.59, P=0.01; ’=0%, P=0.45; UVA). Addi-
tionally, only one study [20] reported the LRFFS for NPC
patients, and thus, a pooled analysis of the relationship
between risk factors and LRFFS could not be carried out.

Table 4 The pooled results of
the association between other
risk factors and progression-free

Factors

Number of tri-
als (number of

Pooled results Heterogeneity Model

survival (PFS) patients)
HR (95% CI) Pvalue P P value

Sex (female vs. male)
UVA 2 (962) 0.97 (0.70-1.34) 0.85 35% 0.22 Fixed
Age (old vs. young)
UVA 2 (962) 1.72 (1.28-2.32) 0.0004* 0% 0.61 Fixed
MVA 2 (962) 1.62 (1.19-2.21) 0.002* 0% 0.57 Fixed
tumor stage (T3-T4 vs. T1-T2)
UVA 2 (962) 1.53 (1.14-2.04) 0.004* 0% 0.92 Fixed
MVA 2 (1279) 145 (1.16-1.82) 0.001* 0% 0.79 Fixed

*P value statistically significant (P <0.05)

HR hazard ratio, CI confidence interval, UVA univariate analysis, MVA multivariate analysis
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Table 5 The pooled results

E Factors Number of tri- Pooled results Heterogene-  Model

of the :.msocmtlon beth.:en als (number of ity

other rlsl‘< factors anq distant patients)

metastasis-free survival >

(DMFS) HR (95% CI) Pvalue I P value
Sex (female vs. male)
UVA 2 (1753) 1.36 (1.02-1.83) 0.04* 0% 0.44 Fixed
Age (old vs. young)
UVA 3 (1848) 1.15 (0.90-1.46) 0.27 0% 0.68 Fixed
Tumor stage (T3-T4 vs. T1-T2)
UVA 2 (580) 1.71 (1.13-2.59) 0.01* 0% 0.45 Fixed
Node stage (N2-N3 vs. NO-N1)
UVA 2 (580) 1.45 (0.39-5.40) 0.58 83% 0.02 Random

*P value statistically significant (P <0.05)

HR hazard ratio, CI confidence interval, UVA univariate analysis

Publication analysis

We accessed the publication bias among the studies by
the Begg funnel plot, and the results showed that there
was no significant publication bias among studies (Online
Resource). Accordingly, this showed that the outcomes of
our study were statistically robust.

Discussion

Owing to the limitations of the current TNM staging system,
ascertaining predictive biomarkers of survival outcomes of
NPC patients is an essential theme that remains to be further
studied [1, 18]. The prognostic value of pretreatment PNI
has been identified by a series of studies [12—14]. However,
for NPC patients, the prognostic value has never been sys-
tematically investigated. To our knowledge, this report is the
first one to shed light on the prognostic utility of PNI and
to explore the association between PNI level and clinical
characteristics in patients with NPC.

In our analysis, a conclusion could be safely reached that
a low PNI level was significantly associated with a shorter
OS [(HR 2.06, 95% CI 1.61-2.64, P <0.00001; UVA) and
(HR 1.78, 95% CI 1.46-2.18, P <0.00001; MVA)], PFS
[(HR 2.27, 95% CI 1.27-4.05, P=0.006; UVA) and (HR
1.45,95% CI 1.18-1.78, P=0.0003; MVA)] and DMFS
[(HR 2.06, 95% CI 1.60-2.67; P <0.00001; UVA) and (HR
2.04, 95% CI 1.66-2.50; P <0.00001; MVA)]. However,
only one study [20] reported the LRFFS of NPC patients.
No significant difference was found between the two groups
[HR 1.68,95% C10.70-4.26, P=0.26].

There are several possible mechanisms to explain how
a low PNI level is related to impaired OS, PFS and DMFS
in NPC. As far as we know, PNI was originally proposed
as a nutritional index and surgical risk indicator in 1980
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[26], and then the value of PNI in predicting the surgical
risk for patients with gastrointestinal cancer was revealed in
1984 [11]. PNI is calculated based on two values: 10 X serum
albumin (g/dL)+ 0.005 X total lymphocyte count [11].
Hence, both hypoalbuminemia and/or lymphocytopenia
can lead to a low PNI value. First, we need to analyze the
aspects of albumin deficiency. On the one hand, nutritional
problems are associated with worse survival outcomes and
a reduced quality of life (QoL) of NPC patients has been
confirmed by previous reports [18, 27-29]. The serum albu-
min level is one of the indicators used to evaluate the nutri-
tional status of cancer patients [30] and it is positively cor-
related with nutritional status [22]. Therefore, a lower level
of serum albumin directly reflects the malnutritional status
of tumor patients. Increasing numbers of studies have dem-
onstrated that malnutrition is a prevalent condition in tumor
patients and the incidence ranges from 39 to 71% [31-33].
In patients with head and neck malignancies, undernutrition
has been estimated in 30-50% [34]. In addition, concur-
rent chemoradiotherapy (CCRT) is considered the mainstay
therapy in patients with locally advanced nasopharyngeal
carcinoma (LA-NPC) [1], and malnutrition in patients with
NPC is further worsened by unhealthy habits [35] and the
toxic effects of chemoradiotherapy (CRT), such as fatigue,
advanced mucositis, and gastrointestinal reactions, such
as vomiting and nausea [36, 37]. In turn, poor nutritional
status can increase the CRT adverse effects and decrease
survival [38, 39]. According to numerous studies [40—43],
malnutrition before and during treatment has been identi-
fied as a risk factor predicting worse outcomes in head and
neck cancer and NPC patients due to the severity of acute
toxicities, decreased chemotherapy dose intensity, treatment
interruption, reduced radio-sensitivity and/or chemosensitiv-
ity of the tumor and compromised immunity. Although no
delayed or interrupted radiotherapy or chemotherapy dose
intensity decreases occurred, the researchers believe that in
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the patients with a low PNI level, by reducing patients radio-
sensitivity and/or chemical sensitivity, and compromising
their immunity, a deterioration of nutritional status during
chemoradiation eventually affects the therapeutic efficacy
and leads to a decline in the survival rate [18]. On the other
hand, inflammation plays an important role in the occur-
rence and progression of malignant tumors [22], such as pro-
liferation and survival of tumor cells, angiogenesis, tumor
metastasis, and desensitization to anticancer drugs [44, 45].
Linked by the intrinsic and extrinsic pathways, the connec-
tion between inflammation and cancer can be explained well
[45, 46]. Serum albumin is considered to be a marker of sys-
temic inflammation [22] and it is associated with systemic
inflammation along with high levels of pro-inflammatory
cytokines [15]. Consequently, a low albumin level represents
a worse prognosis [22, 38]. Second, we need to understand
the phenomenon of low lymphocytes. Lymphocyte play a
key role in the human immune system and tumor immune
escape system. Previous studies have shown that infiltrating
lymphocytes represent a tangible antitumor cellular immune
response and a lymphocyte activated host immune response
can help clear tumor cells or inhibit tumor cell growth [47].
What is more, lymphocytopenia has also been described as
related to a decreased chemotherapeutic efficacy in cancer
patients [48]. Thus, lymphocytopenia may predict an inferior
prognosis or a higher mortality [38, 49, 50]. Taken together,
PNI might predict the outcomes of NPC patients by quan-
tifying the nutritional, systemic inflammatory response and
immune condition of each patient.

Given its convenience, credibility and simplicity of acqui-
sition before treatment in clinical practice and its significant
value in predicting patient outcomes, PNI is a promising
prognostic biomarker. For patients with a low PNI level, it
may be vital to conduct early nutritional interventions and
individualize proper treatment approaches.

Additionally, our pooled results indicated that female
NPC patients, a higher tumor stage, a lower ALT level and a
lower WBC level were associated with a lower PNI level. No
statistically significant associations were observed between
PNI level and age, node stage, TNM stage, smoking habits,
BMI, AST, LDH or HGB. The sensitivity analysis demon-
strated one trial [19] played a major role in the pooled result
of age. When that study was excluded, the extensive consist-
ency and aggregated results of the remaining reports clearly
provided trustworthy evidence that advanced age was associ-
ated with a reduced PNI level. Considering the decline of
their physical functions, Xue et al. [12] thought that elderly
patients were more likely to suffer a low PNI during the
development of malignancy. Thus, elderly patients with a
low PNI may also be affected by this phenomenon. With
regard to node stage, there was a tendency that a higher
node stage was related to a lower PNI (OR 1.34, 95% CI
0.76-2.37, P=0.31; P=78%, P= 0.004), but there was no

significant difference. According to the sensitivity analy-
sis, we further found that the study of Oei et al. [19], was
the source of statistical heterogeneity. When the study was
removed, the OR was statistically significant (OR 1.63 95%
CI 1.23-2.16, P=0.0007; I’ =0%, P=0.62). We specu-
lated the reason for this might be the balanced distribution
of the number of patients with advanced node stage and
lower node stage in the sets of low PNI and high PNI in
this trial. Regarding HGB, the sensitivity analysis showed
the negative result relied heavily on the study conducted by
Wei et al. [16]. After omitting this trial, the pooled result
was significantly different. We speculated the reason may
be that the participants with a higher TNM stage in this trial
[16] differed from the others, which might influence the final
pooled outcome. Regarding sex, female NPC patients were
associated with a lower PNI level. There be several reasons
for this. First, a recent study has demonstrated that women
are more likely to experience high weight loss (weight
loss > 10%) than male patients [15]. In addition, growing
numbers of studies have revealed that weight loss is not just
a marker reflecting a reduced intake or nutritional imbalance
but also an indicator of a systemic inflammatory response
[45, 51]. Finally, as mentioned earlier, PNI can predict the
outcomes of patients with NPC by quantifying their nutri-
tional, systemic inflammatory response and immune status.
Therefore, the physical condition of patients, such as their
poor nutrition, can be reflected not only by weight loss but
also by PNI. Further, our meta-analysis indicated that NPC
patients with a reduced PNI level had inferior OS, PFS and
DMEFS, and a lower PNI level was associated with female
patients. We hypothesized that female patients with NPC
tended to suffer from anxiety before treatment, had no active
healthy coping style, and experienced a reduced quality of
life after radiotherapy [52], which may account for their poor
survival outcome. Moreover, we also discovered tumor stage
was notably associated with PFS and DMFS but not OS. PNI
was associated with tumor-infiltrating lymphocytes (TILs)
status [53] and higher TILs are relevant to a lower tumor
stage and a better outcome [54, 55]. As mentioned above,
a lower PNI was a sign of malnutrition and dysfunction of
the immune condition of the host. Based on the above evi-
dence, this may explain why a higher tumor stage was asso-
ciated with a low PNI and significantly affected the survival
outcomes.

There are several potential shortcomings in our study.
First, all of the included eligible reports were retrospective
cohort studies and potential heterogeneity might cause bias
in our analyses. Additional prospective clinical studies are
required to support our conclusions. Second, in view of the
included articles being mainly from Asian countries, and
only one from Turkey, we expect more trials, especially from
European and American countries, can further explore the
prognostic utility of PNI in NPC patients. Third, only one

@ Springer



76

International Journal of Clinical Oncology (2021) 26:66-77

study [20] mentioned LRFFS in our review, which might
also generate some bias, and thus additional studies are
needed. Fourth, given that various treatment regimens were
used in the 8 included studies, and the limited number of
eligible trials included in our study, subgroup analyses could
not be conducted according to different treatment meth-
ods. RCTs and prospective trials with more participants
are needed to confirm these results in the future. Fifthly,
EBV is closely associated with NPC, but the relationship
between EBV and PNI has not been explored and analyzed
in a large number of studies. Therefore, we regret that we
failed to conduct a meta-analysis on the correlation between
EBV and PNI. Last but not least, although all of the stud-
ies were divided into two sets according to the cut-off pre-
treatment PNI level, the PNI cut-off value varied between
45.58 and 55, 45.45 and 55, and 45.58-55 for OS, PFS and
DMES, respectively. Based on the current evidence, which
cut-off value is optimal remains unclear and comprehensive
research, which can facilitate this biomarker being widely
used in the clinic, is essential.

Conclusion

In summary, our meta-analysis demonstrated that NPC
patients with a lower PNI level had inferior OS, PFS and
DMFS. In addition, we found that a lower PNI level was
associated with female NPC patients, a higher tumor stage,
alower ALT level and a lower WBC level. Given the limita-
tions of our study, further prospective studies are required
to validate the clinical significance of PNI in NPC patients
and to determine the best cut-off value and to consequently
guide clinicians in predicting the outcomes of different risk
subgroups and providing comprehensive individualized
treatment approaches to improve survival outcomes.
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