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Background: To evaluate the prognostic value of pretreatment prognostic nutritional index (PNI), lactated
dehydrogenase (LDH) and their combination (PNI-LDH) in patients with locally advanced NPC receiving
induction chemotherapy (IC) followed by concurrent chemoradiotherapy (CCRT).

Methods: A total of 213 patients diagnosed with locally advanced (III-IVA) NPC between January 2013 and
December 2017 were retrospectively reviewed. The optimal PNI and LDH cutoff values were determined
by the quartiles. The association between PNI and LDH and the clinicopathological characteristics of the
patients was examined. Survival curves were analyzed using the Kaplan-Meier method and compared by the
log-rank test between the different PNI and LDH subgroups. Univariate and multivariate analyses were
performed by the Cox proportional hazards regression model to evaluate the prognostic impact on overall
survival (OS), progression-free survival (PFS), locoregional recurrence free survival (LRFS) and distant
metastasis-free survival (DMFS). Furthermore, the prognostic values of the PNI, LDH, and PNI-LDH were
evaluated by comparing the AUC area.

Results: The optimal cut-off values of PNI and LDH were 52 and 177, respectively. Multivariate analyses
revealed that patients with a higher PNI had inferior OS (P=0.027), PFS (P=0.040), LRFS (P=0.015) and
DMES (P=0.040), and patients with a higher LDH level had poorer OS (P=0.040), PFS (P=0.001), LRFS
(P=0.001) and DMFS (P=0.001). Furthermore, EBV DNA positive, stage IVA were independent prognostic
factors for survival outcomes in the multivariate analyses. Moreover, we further demonstrated that low PNI-
high LDH in locally advanced NPC patients was significantly related to poor OS (P=0.012), PES (P=0.001),
LRFS (P=0.001) and DMFS (P=0.001). The AUC of the PNI, LDH and PNI-LDH were 0.653 (P=0.021),
0.647 (P=0.028) and 0.751 (P=0.001), respectively, indicating that PNI-LDH is superior to either score
alone.

Conclusions: Pretreatment PNI and LDH could be considered as valuable predictors for survival
outcomes in locally advanced NPC patients. The combination of them, superior to either score alone, can be

used as a supplement to the traditional TNM staging system.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor
in southern Asia, with high incidence rates of 20-30
cases per 100,000 (1). Due to its complex anatomical
location and high sensitivity of irradiation, concurrent
chemoradiotherapy (CCRT) was the main treatment
for locally advanced NPC (2) in the past. With the
development of intensity modulated radiotherapy (IMRT)
and its extensive application in NPC, local control rate
has been improved, but the distant metastasis rate remains
high (3). Increased clinical evidence supports induction
chemotherapy (IC) could control and eliminate subclinical
micro metastasis (4), therefore IC followed by CCRT is
recommended to further reduce distant metastasis risk.
At present, TNM staging is regarded as a crucial tool for
clinical prognosis and outcome of NPC. However, even
if patients with the same TNM stage receiving similar
regimens, there are still significant differences in clinical
response and prognosis, possibly because TNM staging
system classifies diseases according to anatomy and
does not reflect biological heterogeneity (5). Therefore,
identification of biomarkers associated with prognosis may
complement the inadequacy of the TNM staging system in
prognosis prediction in NPC. Recently, a growing number
of markers have been identified as relevant factors affecting
the prognosis of NPC patients, including Epstein-Barr
virus DNA loads, systemic immune-inflammation index
(SII) (6), epidermal growth factor receptor overexpression
and microRNA signature. However, these markers are
not routinely applied in clinical practice because of high
acquisition cost and great variability in experimental time.
Therefore, it is urgent to screen out some inexpensive and
clinically accessible markers for predicting the prognosis of
NPC patients.

In recent years, an increasing number of studies have
focused on the effects of nutrition and immune status
on the prognosis of cancer patients. The prognostic
nutritional index (PNI), which was based on serum albumin
concentration and total lymphocyte count in peripheral
blood, first introduced to assess the immunological and
nutritional status of patients undergoing gastrointestinal
surgery (7). Recently, the prognostic value of PNI in a
variety of malignant tumors has been confirmed, including
gastric cancer, colorectal cancer, hepatocellular cancer
and pancreatic cancer (8). However, there are limited
trials related to pretreatment PNI in NPC. In previous
studies, most patients with metastatic NPC received
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different treatment regimens, thus, it was difficult to
correctly analyze the impact of these indexes, and whether
PNI is related to the prognosis in locally advanced NPC
patients might be questioned. Therefore, to eliminate this
therapeutic heterogeneity, the prognostic value of PNI in
newly diagnosed locally advanced NPC patients at stage II1-
IVA receiving IC followed by CCRT was further studied.
As we know, transforming normal cells into malignant
cells often leads to abnormal serum enzyme synthesis, even
before tumor morphology changes (9). Therefore, enzyme
studies have recently received widespread attention. Lactate
dehydrogenase (LDH) is the most important enzyme that
converts pyruvate to lactate at the end of glycolysis. Some
studies demonstrated that poor survival in NPC patients
with elevated serum LDH levels, however, most patients
in these studies were from highly endemic areas (10), such
as Guangdong, Fujian, etc. This may create a high risk of
selection bias and affect the true conclusions. In addition,
previous findings have been inconsistent regarding the
prognostic impact of LDH in NPC (11). Therefore, new
studies from low to middle incidence areas are necessary to
improve the reliability of serum LDH levels as a prognostic
factor for NPC, especially in locally advanced patients.
Therefore, a retrospective study was conducted to
investigate the prognostic value of pretreatment PNI, LDH
and their combination in locally advanced NPC patients
receiving IC followed by CCRT, which could be regarded
as a complement to the conventional TNM staging system,
to improve survival prediction and guide appropriate
treatment plans for NPC patients. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/apm-20-2033).

Methods
Patients

Between January 2013 and December 2017, 213 patients
diagnosed with locally advanced NPC patients receiving
IC followed by CCRT at Union Hospital Cancer Center
were retrospectively reviewed. The enrolled patients
based on inclusion criteria: (I) age >16 years but <70 years;
(II) histologically confirmed NPC; (III) Karnofsky
performance score (KPS) >70; (IV) complete medical
records, including nasopharyngeal speculum, contrast-
enhanced MRI of the nasopharynx and neck, chest CT,
abdominal ultrasonography and whole-body bone scan
for staging, finally re-staged III-IVA NPC based on the
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8th edition of the AJCC staging system; (V) completion of
prescribed IC followed by CCRT; (VI) complete record
of total lymphocyte count, serum albumin and LDH level
within 1 week before therapy. Patients who met any of the
following criteria were excluded: (I) a history of anticancer
therapy; (II) evidence of concomitant tumors at diagnosis;
(IIT) insufficient heart, lung, liver, and renal function; (IV)
severe anemia, acute infection or autoimmune diseases.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the ethics committee of Cancer center of
Union Hospital of Tongji Medical College of Huazhong
University of Science and Technology (No. 201951054) and
individual consent for this retrospective analysis was waived.

Treatment

For locally advanced NPC patients, IC followed by CCRT
is prescribed based on our institution guidelines. The total
prescribed IMRT dose was 70 Gy/33 F to the gross tumor
volume of the nasopharynx (GTVnx), 68 Gy/33 F to the
gross tumor volume of the positive neck lymph nodes
(GTVnd), 66 Gy/33 F to the high-risk sites of microscopic
extension defined as clinical target volume 1 (CTV1), and
60 Gy/33 F to the clinical target volume 2 (CTV2). PTVs
were delineated by adding 5 mm and 3 mm to the GTV
and CTV, respectively. The fractionated dose was 1.8
to 2.2 Gy at 1 fraction per day on 5 days per week. The
regimens of IC were as follows: 1) TPF regimen: docetaxel
(75 mg/m’/day, day 1), cisplatin (75 mg/m’/day, day 1),
and S-fluorouracil (750 mg/m’/day, day 1-5); and 2) TP
regimen: docetaxel (75 mg/m’/day, day 1) and cisplatin
(75 mg/m’/day, day 1). IC were prescribed every 3 weeks for
three cycles. Moreover, concurrent chemotherapy consisted
of cisplatin sensitization with a total dose of 200 mg/m’.

Data collection and clinical endpoints

Clinical characteristics data were retrieved from the
patients’ electronic medical records, including gender, age,
the history of smoking and drinking, WHO pathological
type, EBV DNA levels, Tumor classification, Nodal
classification, AJCC stage and peripheral blood indexes
within the 1 week before treatment. All peripheral blood
was collected in EDTA anticoagulant test tubes and tested
for serum albumin, total lymphocyte count and LDH
within 1 week before therapy. The definition of the PNI is
described as follows (12): PNI = serum albumin level (g/L)
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+ 5x total lymphocyte count (10°/L).

The following end points were: overall survival (OS),
which was defined as the time between first treatment
and death or last follow-up; Progression-free survival
(PFS), defined as the time that had elapsed between initial
treatment and the date of disease progression or death
from any cause. Locoregional relapse-free survival (LRFS)
was defined as the time from pathological diagnosis to
local relapse. Distant metastasis-free survival (DMFS) was
defined as the time from pathological diagnosis to the time
of distant metastasis detection.

Follow-up

All patients were evaluated every 3 months for the first
2 years after completion of treatment, every 6 months
between the third to fifth year, and then annually
thereafter. A complete physical examination, including
a nasopharyngeal speculum, contrast-enhanced MRI
of the nasopharynx and neck, chest CT, abdominal
ultrasonography, and a whole-body bone scan, was
performed semiannually. The latest follow-up was
conducted at the end of January 2020. All patients were
followed up by regular records of each clinic recheck or
phone calls.

Statistical analysis

Categorical variables were expressed as number and
percentage, with differences between groups determined
using the y’ test. PNT and LDH in enrolled patients were
found to be skewed by normality test. Then quartiles of
PNI and LDH were calculated, with the median level as the
cutoff value. Correlations between variables were assessed
using the Pearson correlation coefficient. Survival curves
were analyzed between different PNI and LDH subgroups,
using the Kaplan-Meier method and compared using the
log-rank test. PNI-LDH groups were defined according to
the combination of different levels of PNI and LDH, and
the area under ROC curve (AUC) was compared to evaluate
the diagnostic performance of PNI, LDH and PNI-LDH.
Univariate and multivariate analyses were calculated by the
Cox proportional hazards regression model. The significant
risk factors identified by univariate analysis were then
entered into the multivariate analysis. Statistical analysis
was conducted with SPSS 25.0 and GraphPad Prism 8.0. A
two-tailed P value less than 0.05 was considered statistically
significant.
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Results
Patient characteristics

A total of 213 re-staged III-IVA NPC patients were eligible
for analysis, including 155 (72.8%) males and 58 (27.2%)
females, with ages ranging from 24 to 69 years (median
45 years). Patients with a history of smoking and drinking
were 101 (47.4%) and 87 (40.8%), respectively. According
to the World Health Organization (WHO) pathological
type, 25 (11.7%) patients had type I (keratinizing
squamous cell carcinoma), 35 (16.4%) had type II
(nonkeratinizing differentiated), and 153 (71.8%) had type
III (nonkeratinizing undifferentiated). Based on EBV DNA
status, 104 (48.8%) cases were positive. Of the 213 patients,
115 (54.0%) patients were re-staged in stage III and 98
(46.0%) patients were in stage IVA according to the 8th
edition of the AJCC staging system. And there were 138
patients receiving TPF regimen, while 75 patients received
the TP regimen.

Cutoff values of parameters

Quartiles of PNI and LDH were calculated, and we
defined the median level as the cutoff value, then patients
were divided into low and high PNI, LDH subgroups.
The baseline characteristics of the patients in different
groups were shown in Tuble 1. According to clinical
and demographic characteristics, we compared age,
sex, smoking and drinking history, EBV DNA status,
WHO pathological type, TNM stage and IC regimen
respectively. However, only EBV DNA status and N stage
(P<0.05) showed statistically significant difference between
groups in LDH.

In total, the median follow-up time was 46 months,
ranging from 26 months to 83 months. At the end of the
time, 54 (25.4%) patients suffered from tumor progression,
and 20 (9.4%) patients died. The 5-year OS, PFS, LRFS
and DMFS rates were 86.7%, 73.4%, 83.6% and 84.1%,
respectively.

Prognostic value of PNI and LDH

The correlation between clinicopathological factors and
survival outcomes was shown in Figures 1,2. According
to the median value, 213 patients were divided into low
PNI group (n=103) (48.4%) and high PNI group (n=110)
(51.6%). The survival difference between the two PNI
subgroups revealed that compared with the low PNI group,
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a higher PNI group demonstrated inferior OS (P=0.011,
Figure 14), PFS (P=0.045, Figure 1B), LRFS (P=0.038,
Figure 1C) and DMFS (P=0.068, Figure 1D). At the same
time, 105 and 108 patients were divided to low (LDH
<177) and high LDH (LDH >177) groups respectively.
Fortunately, an evident survival difference between the two
groups was proved in our analysis. As shown in Figure 2, a
higher LDH level had a poorer OS (P=0.029, Figure 2A4),
PFS (P<0.001, Figure 2B), LRFS (P<0.001, Figure 2C) and
DMES (P=0.021, Figure 2D).

Univariate and multivariate Cox regression analysis

To further identify the risk factors linked to survival
outcomes, PNI, LDH and other clinicopathologic factors
were evaluated by univariate analysis and the Cox regression
model. In the univariate analysis, age, sex, EBV DNA
status, WHO pathological type, TNM staging, IC regimen,
different PNT and LDH level were enrolled. As shown in
Table 2, EBV DNA status, TNM staging, pretreatment PNI
and LDH were corroborated as potential factors for survival
outcomes (P<0.05).

Variables that reached a significant difference in the
univariate Cox regression analysis were further analyzed in
multivariate Cox regression analysis in Tzble 3. With regard
to PNI, a higher PNI was found to be an independent
protecting factor in NPC patients for OS (HR: 0.317,
P=0.027), PFS (HR: 0.560, P=0.040), LRFS (HR: 0.498,
P=0.015) and DMFS (HR: 0.608, P=0.040). Similarly, a
higher LDH was significantly associated with inferior OS
(HR: 2.707, P=0.040), PFS (HR: 5.318, P=0.001), LRFS
(HR: 5.491, P=0.001) and DMFS (HR: 4.926, P=0.001).

Combined prognostic value of the PNI and LDH

Pretreatment PNI and LDH were divided into four groups
based on different levels: low PNI and low LDH patients
defined as group 1, low PNI and high LDH patients
defined as group 2 (high risk), high PNI and low LDH
patients defined as group 3 (low risk), high PNI and high
LDH patients defined as group 4. The number of patients
in each group was 48 (22.5%), 55 (25.8%), 57 (26.8%) and
53 (24.9%), respectively. In order to adjust the covariates of
different groups, we incorporate the meaningful variables
in multivariate analysis into the COX analysis, and draw
the survival curve on this basis. The survival curve we
analyzed were shown in Figure 3. Our results revealed that

group 2 had significantly poorer OS (P=0.012, Figure 34),
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Table 1 Baseline characteristics of patients in the different PNI and LDH groups

PNI, n (%) LDH, n (%)
Variables
<52 (n=103) >52 (n=110) 4 P <177 (n=105) =177 (n=108) Ve P
Sex 0.827 0.363 1.998 0.157
Female 31(30.1) 27 (24.5) 24 (22.9) 34 (31.5)
Male 72 (69.9) 83 (75.5) 81 (77.1) 74 (68.5)
Age (years) 0.038 0.846 1.352 0.245
<45 35 (34.0) 36 (32.7) 31 (29.5) 40 (37.0)
>45 68 (66.0) 74 (67.3) 74 (70.5) 68 (63.0)
Smoke 0.753 0.386 2.906 0.088
No 51 (49.5) 61 (55.5) 49 (46.7) 63 (58.3)
Yes 52 (50.5) 49 (44.5) 56 (53.3) 45 (41.7)
Drink 0.290 0.590 0.061 0.805
No 59 (57.3) 67 (60.9) 63 (60.0) 63 (58.3)
Yes 44 (42.7) 43 (39.1) 42 (40.0) 45 (41.7)
WHO pathological type 0.394 0.821 2.777 0.249
I 11 (10.7) 14 (12.7) 15 (14.3) 10 (9.2)
Il 16 (15.5) 19 (17.3) 20 (19.0) 15 (13.9)
M 76 (73.8) 77 (70.0) 70 (66.7) 83 (76.9)
EBV DNA 0.119 0.730 9.281 0.001*
Negative 53 (51.5) 54 (49.1) 65 (61.9) 42 (38.9)
Positive 50 (48.5) 56 (50.9) 40 (38.1) 66 (61.1)
Tumor classification 0.204 0.652 0.625 0.429
T1-T2 19 (18.4) 23 (20.9) 23 (21.9) 19 (17.6)
T3-T4 84 (81.6) 87 (79.1) 82 (78.1) 89 (82.4)
Nodal classification 0.267 0.605 4.747 0.029*
NO-N1 24 (23.3) 29 (26.4) 33 (31.4) 20 (18.5)
N2-N3 79 (76.7) 81 (73.6) 72 (68.6) 88 (81.5)
AJCC stage (8") 0.146 0.702 0.403 0.525
11l 57 (55.3) 58 (52.7) 59 (56.2) 56 (51.9)
IVA 46 (44.7) 52 (47.3) 46 (43.8) 52 (48.1)
IC regimen 0.880 0.348 0.078 0.780
TPF 70 (68.0) 68 (61.8) 69 (65.7) 69 (63.9)
TP 33 (32.0) 42 (38.2) 36 (34.3) 39 (36.1)

Chi-square () test, *P<0.05 was considered statistically significant. PNI, prognostic nutritional index; LDH, lactated dehydrogenase; WHO,
World Health Organization; EBV DNA, Epstein-Barr virus DNA; AJCC, American Joint Committee on Cancer; IC, induction chemotherapy.
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Figure 1 Kaplan-Meier survival curves of OS (A), PES (B), LRES (C) and DMFS (D) between low and high PNI groups according to the

cut off value. Log-rank test, P<0.05 was considered statistically significant. PNI, prognostic nutritional index; OS, overall survival; PFS,

progression-free survival; LRFS, locoregional relapse-free survival; DMFS, distant metastasis-free survival.
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Figure 2 Kaplan-Meier survival curves of OS (A), PFS (B), LRFES (C) and DMFS (D) between low and high LDH groups. Log-rank test,
P<0.05 was considered statistically significant. LDH, lactated dehydrogenase; OS, overall survival; PFS, progression-free survival; LRES,

locoregional relapse-free survival; DMFS, distant metastasis-free survival.

PFS (P=0.001, Figure 3B), LRFS (P=0.001, Figure 3C)
and DMFS (P=0.001, Figure 3D) than others groups.
Furthermore, the prognostic value of the PNI, LDH,
and the combination of them was evaluated by comparing
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the AUC area. The AUC of the PNI, LDH, and their
combination were 0.653 (P=0.021), 0.647 (P=0.028), and
0.751 (P=0.001), respectively (Figure 4), indicating that
PNI-LDH is superior to either score alone.
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Table 2 Univariate Cox regression analysis of OS, PFS, LRES and DMFS in patients with NPC

(O] PFS LRFS DMFS
Variables
HR (95% ClI) P HR (95% Cl) P HR (95% Cl) P HR (95% ClI) P

Sex

Female Ref Ref Ref Ref

Male 0.884 (0.339-2.302) 0.800 0.808 (0.455-1.434) 0.466 0.862 (0.479-1.549) 0.619 0.936 (0.522-1.680) 0.825
Age (years)

<45 Ref Ref Ref Ref

>45 0.733 (0.299-1.794) 0.496 0.878 (0.502-1.535) 0.649 0.887 (0.506-1.556) 0.677 0.893 (0.510-1.563) 0.692
WHO pathological 0.750 0.524 0.238 0.259
type

| Ref Ref Ref Ref

I 0.569 (0.095-3.410) 0.537 0.605 (0.203-1.799) 0.366 0.492 (0.156-1.556) 0.227 0.548 (0.174-1.730) 0.305
1 1.003 (0.290-3.473) 0.996 0.987 (0.443-2.202) 0.975 1.104 (0.495-2.464) 0.809 1.195(0.532-2.680) 0.666
EBV DNA

Negative Ref Ref Ref Ref

Positive 1.308 (1.935-2.638) 0.020* 4.307 (2.265-8.190) 0.001* 2.638 (1.463-4.757) 0.001* 2.812 (1.563-5.059) 0.001*
Tumor classification

T1-T2 Ref Ref Ref Ref

T3-T4 1.698 (0.496-5.812) 0.399 1.537 (0.725-3.259) 0.262 1.699 (0.799-3.616) 0.169 1.673 (0.788-3.554) 0.181
Nodal classification

NO-N1 Ref Ref Ref Ref

N2-N3 2.167 (0.500-9.391) 0.301 1.270 (0.654-2.467) 0.480 1.145(0.572-2.291) 0.702 1.101 (0.563-2.150) 0.779
AJCC stage (8")

1] Ref Ref Ref Ref

IVA 3.217 (1.233-8.396) 0.017* 3.011 (1.692-5.360) 0.001* 2.901 (1.626-5.176) 0.001* 3.450 (1.933-6.158) 0.002*
PNI

<52 Ref Ref Ref Ref

>52 0.288 (0.105-0.793) 0.016* 0.510 (0.293-0.887) 0.017* 0.386 (0.181-0.822) 0.014* 0.418 (0.197-0.888) 0.023*
LDH

<177 Ref Ref Ref Ref

>177 2.917 (1.059-8.036) 0.038* 5.162 (2.595-8.266) 0.001* 4.570 (2.958-9.832) 0.001* 4.426 (2.597-8.236) 0.001*
IC regimen

TPF Ref Ref Ref Ref

TP 1.505 (0.621-3.648) 0.365 1.186 (0.686-2.050) 0.542 1.047 (0.599-1.830) 0.872 1.125(0.647-1.956) 0.677

Chi-square (%) test, *P<0.05 was considered statistically significant. PNI, prognostic nutritional index; LDH, lactated dehydrogenase;
WHO, World Health Organization; EBV DNA, Epstein-Barr virus DNA; AJCC, American Joint Committee on Cancer; IC, induction
chemotherapy; OS, overall survival; PFS, progression-free survival; LRFS, locoregional relapse-free survival; DMFS, distant metastasis-
free survival; HR, hazard ratio; Cl, confidence interval; Ref, reference.
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Table 3 Multivariate Cox regression analysis of OS, PFS, LRES and DMFS in patients with NPC
oS PFS LRFS DMFS
Variables
HR (95% CI) P HR (95% Cl) P HR (95% Cl) P HR (95% ClI) P

EBV DNA

Negative Ref Ref Ref Ref

Positive 2.423 (0.942-4.562) 0.050* 2.464 (1.464-4.524) 0.012* 2.318(1.260-4.231) 0.006* 1.472 (1.355-4.357) 0.023*
AJCC stage (8")

1 Ref Ref Ref Ref

IVA 2.247 (0.290-7.436) 0.039* 2.961 (0.697-2.568) 0.041* 1.511(0.198-1.516) 0.049* 2.278 (0.542-1.577) 0.041*
PNI

<52 Ref Ref Ref Ref

>52 0.317 (0.114-0.879) 0.027* 0.560 (0.321-0.974) 0.040* 0.498 (0.284-0.875) 0.015* 0.608 (0.348-1.062) 0.040*
LDH

<177 Ref Ref Ref Ref

>177 2.707 (0.960-7.630) 0.040* 5.318 (2.631-9.749) 0.001* 5.491 (2.631-8.461) 0.001* 4.926 (2.430-9.987) 0.001*

Chi-square (y’) test, *P<0.05 was considered statistically significant. PNI, prognostic nutritional index; LDH, lactated dehydrogenase; EBV
DNA, Epstein-Barr virus DNA; AJCC, American Joint Committee on Cancer; OS, overall survival; PFS, progression-free survival; LRFS,
locoregional relapse-free survival; DMFS, distant metastasis-free survival; HR, hazard ratio; Cl, confidence interval; Ref, reference.
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Figure 3 Kaplan-Meier survival curves of OS (A), PFS (B), LRFS (C) and DMFS (D) between the four groups according to the different
levels of PNI and LDH. Group 1: low PNI and low LDH; Group 2: low PNI and high LDH; Group 3: high PNI and low LDH; Group 4:
high PNT and high LDH. Log-rank test, P<0.05 was considered statistically significant. PNI, prognostic nutritional index; LDH, lactated

dehydrogenase; OS, overall survival; PFS, progression-free survival; LRES, locoregional relapse-free survival; DMFES, distant metastasis-free

survival.
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Figure 4 Predictive ability of PNI, LDH and their combination
by ROC curve analysis. PNI, prognostic nutritional index; LDH,

lactated dehydrogenase; ROC, receiver operating characteristic.

Discussion

At present, the gold standard for predicting the prognosis in
locally advanced NPC is TNM staging, however, patients
with the same stage tend to have different prognosis
after receiving similar treatment, as the TNM staging
system does not take some potential prognostic factors
into consideration. With the improvement of IMRT, the
local control rate has been improved, the main cause of
treatment failure has been identified as distant metastasis (3).
Therefore, it is essential to effectively identify other
promising prognostic factors to improve the ability of the
TNM staging system to predict prognosis. In recent years,
many studies have shown that some indexes can be used as
prognostic markers of NPC treated with IMRT, including
EBV DNA, miR-BARTS, promoter methylation of tumor
related genes (13), systemic immune-inflammation index
(SII) (14) and the albumin-globulin ratio (AGR) (15).

The PNI, which is determined by the serum albumin
concentration and total lymphocyte count in the peripheral
blood, first introduced by Onodera ez 4/., (16) and can
reflect the immune and nutritional status of patients.
It is well known that serum Alb is a good indicator of
inflammation and nutritional status in patients, which can
help stabilize cell growth and DNA replication, buffer
various biochemical changes, and maintain sex hormone
homeostasis to prevent cancer. More and more studies have
shown that serum Alb is closely related to the prognosis
of gastric cancer and lung cancer, even in NPC (17). High
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levels of Alb help to maintain the stability of growth factors,
inflammatory factors, and oxygen saturation in the internal
environment, and prevent tumor progression. Low levels of
Alb suggest impaired immune function, increased vascular
permeability and changes in microenvironment, which are
conducive to tumor progression (18). At the same time,
lymphocytes are an important part of the host's adaptive
immune response to cancer cells. In tumors, lymphocytes
always function in many ways, including inhibiting
the differentiation of dendritic cells. It is reported that
infiltrating lymphocytes are effective anti-tumor cells. The
low level of it may indicate a poor lymphocyte-mediated
immune response to cancer cells, suggesting a poor
prognosis (19). Hence, PNI, which is composed of serum
protein and lymphocytes, is also considered to be a factor
related to tumor prognosis. Recent studies have shown
that PNI is closely related to the survival of many types of
cancer. However, there are limited trials related to PNI in
NPC patients.

The prognostic effect of PNI in metastatic NPC patients
for the first time was studied by Yang er al. (20), which
supporting that the pretreatment high PNI could predict
lower risk of distant metastases with better DMFS. Wei
et al. (21) and Topkan et al. (22) also revealed PNI is
independent prognostic factors for OS in metastatic
NPC patients. Followed by He ez al. (23), a total of 377
newly diagnosed NPC patients treated with neoadjuvant
chemotherapy plus CCRT at the Sichuan Cancer Hospital
were reviewed, and revealed that the novel prognosis index
PNI was related to OS (P<0.001)and PFS (P=0.008) for
metastatic NPC patients. Furthermore, 539 patients with
newly diagnosed non-metastatic NPC treated by CCRT
were retrospectively analyzed by Miao et /. (24) and
demonstrated that the 5-year LRFS, DMFS, DSS, and OS
of PNI <52.0 group were significantly worse than the PNI
>52.0 group. However, there was a study (25) showed that
a statistically significant cut off value of PNI as 45.45 for
OS in NPC patients, but no relation was found in terms
of DMFS and LRFS. To sum up, in the existing studies
for PNI on the prognosis of NPC patients, most of them
were in metastatic stage, and demonstrated that a lower
PNI was found as predictive factor in terms of worse OS
and PFS, however, the role on LRFS and DMFS failed to
reach an agreement. Therefore, in our study, 213 newly
diagnosed locally advanced NPC patients receiving IC
followed by CCRT were analyzed retrospectively, which
could minimize the treatment regimen bias compared
to previous studies. And the conclusion of our study
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demonstrated that compared with the low PNI group, a
higher PNI was related to inferior OS (P=0.011) and PFS
(P=0.045), LRFS (P=0.038) and a trend in DMFS (P=0.068),
which is consistent with the previous results. Furthermore,
we also affirmed the prognostic role of PNI with regard
to LRFS and DMFS with non-metastatic NPC patients in
our analysis. However, the values of PNI were inconsistent
in studies, which may be due to the basic level of the
included patients with different stages and the difference of
sensitivity and reference value of reagent instrument. On
the other hand, as a retrospective study with a relatively
small sample size obtained at a single center, although
PNI is an independent predictor of NPC prognosis, its
sensitivity, and specificity are not necessarily very high,
indicating that further prospective studies are required to
determine the appropriate cutoff value.

Tumor proliferation has its unique metabolic
characteristics, which involves the changes of many
important molecular indexes in serum, including enzymes,
proteins and hormones. Exploring these objective clinical
indicators is extremely important for clinical practice. In
order to produce energy, cancer cells give priority to the
glycolysis pathway generated by LDH, a phenomenon
historically known as the Warburg effect, which further
promotes immunosuppression in tumor areas and leads to
the proliferation of tumor cells (26). Several independent
studies have shown that serum LDH levels predict poor
prognosis in tumor related disease, including breast cancer,
colorectal cancer, non-small cell lung cancer, endometrial
cancer and gastric cancer (27). Studies have shown that
high LDH level before treatment (LDH >245 U/L) is
an independent risk factor for poor prognosis in NPC
patients (28). Another study about NPC patients with
liver metastasis after radical treatment demonstrated that a
higher LDH was more likely to have liver metastasis (29).
Similarly, as expected, a higher LDH level had a poorer
OS (P=0.029), PFS (P<0.001), LRFS (P<0.001) and
DMES (P=0.021) in our study, which is consistent with the
previous results. More importantly, we further confirmed
the prognostic role of LDH in patients with locally
advanced NPC in low to middle incidence areas. Hence,
LDH could be recommended as an objective indicator
of tumor prognosis in locally advanced NPC patients. In
addition, we also explored other factors that may influence
the survival outcomes in NPC patients. EBV DNA status
was corroborated as potential factors affecting OS, PES,
LRFS and DMEFS (P<0.05) in our univariate Cox regression
analysis. And some studies found that patients with positive
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plasma EBV DNA levels may have a poorer prognosis
because of increased cervical lymph node burden (30).

To our knowledge, this is the first study of the combined
prognostic value of the PNI and LDH in locally advanced
NPC. Interestingly, in line with our hypothesis, PNI-LDH
was a powerful prognostic factor. We divided the patients
into four groups according to the different levels of PNI
and LDH. Patients with a lower PNI and higher LDH
had significantly poorer OS (P=0.012), PFS (P=0.001),
LRFS (P=0.001) and DMFS (P=0.001) than others
groups. Therefore, as we have studied, the combination
of the two parameters can indeed affect the prognosis of
locally advanced NPC patients. Furthermore, through
the comparison of binary logistic regression and ROC
curve, we found that the AUC of the PNI-LDH was 0.751
(P=0.001), which was the largest in these three indexes and
demonstrated that the combination of them was superior to
either score alone.

However, our study also has some limitations. First, the
number of patients is relatively small, which may potentially
bias our findings. Secondly, we only studied the level of
indicators before treatment, dynamic levels of the indicators
will be more meaningful. Therefore, further multicenter,
large-sample, prospective randomized controlled trials are
needed to confirm the effect of combination of PNI and
LDH on the prognosis of patients with locally advanced
NPC.

Conclusions

Pretreatment PNI and LDH are independent prognostic
factors affecting survival outcomes in locally advanced
NPC patients receiving definitive IC followed by CCRT. In
terms of prognostic ability, their combination was superior
to either score alone, which was first reported in our study.
Therefore, the evaluation of pretreatment PNI and LDH,
as a supplement to the traditional TNM staging system,
may be an important parameter for choosing different
treatment strategies. However, further researches are
needed to confirm the importance of PNI and LDH in
determining the different responses to treatment in cancer
patients.
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