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Purpose: The prognosis of inflammation-related indicators like lactate dehydrogenase/
albumin ratio (LAR) and the platelet/lymphocyte ratio (PLR) in nasopharyngeal carcinoma
(NPC) is not yet clear. Our objective is to establish and verify the nomogram using LAR and
PLR ratio for the first time to explore the prognostic value in NPC.

Patients and Methods: This was a retrospective collection of 1661 patients with non-
metastatic NPC admitted to our hospital from 2010 to 2017. The final variables of overall
survival (OS) and progression-free survival (PFS) were selected by Cox regression analysis to
establish nomograms, and the methods to verify the prediction precision and discriminative
ability of the nomograms were concordance index (C index), the receiver operating characteristic
(ROC) curve and calibration curve. The risk stratification was carried out through the nomo-
grams and compared with the current staging system by the Kaplan—-Meier methods.

Results: Multivariate Cox analysis resulted that age, plasma Epstein—Barr Virus (EBV)
DNA, T stage, N stage, white blood cells (WBC), PLR and LAR were independent prog-
nostic risk factors for OS and PFS, and sex is an independent prognostic risk factor for OS.
The C-indexes of OS nomogram were 0.722 (95% CI: 0.706-0.738) and 0.747 (95% CI:
0.717-0.777) in the training cohort and validation cohort, which were statistically higher
than the current 8th AJCC staging system (0.646 and 0.688). The C-indexes of PFS
nomogram were 0.696 (95% CI: 0.680-0.713) and 0.690 (95% CI: 0.660—0.720), which
were also statistically higher than the current 8th AJCC staging system (0.632 and 0.666).
Otherwise, ROC curves and the calibration curve for probability also confirmed satisfied
consistency with actual observations.

Conclusion: LAR is a novel useful independent factor in NPC. The proposed nomogram LAR
and PLR resulted in more accurate prognostic prediction than current staging system for NPC
patients.
Keywords: intensity-modulated radiotherapy, nasopharyngeal carcinoma, lactate
dehydrogenase to albumin ratio, platelet-to-lymphocyte ratio, tumor—node—metastasis
staging system

Introduction

Nasopharyngeal carcinoma (NPC) is one of the malignant head and neck cancers
that mainly originates from the epithelium of the top and side walls of the
nasopharyngeal cavity. The high morbidity rates are observed in Southeast Asia
and some provinces in southeastern China, such as Guangdong and Guangxi, and
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had reached a peak incidence of 50 cases per 100,000."
Radiotherapy has always been the cornerstone of naso-
pharyngeal carcinoma treatment due to its outstanding
radiosensitivity. With the rapid advancement of imaging
and radiology (RT) technology in the past decades, radio-
therapy technology has stepped the era of two-dimensional
radiotherapy (2DRT) into the era of intensity-modulated
radiotherapy (IMRT).>” 1In addition, multiple meta-
analysis and randomized trials have proved that concurrent
chemoradiation with or without sequential chemotherapy
can significantly improve the 5-year OS and PFS for stage
II-IVA NPC.*?

At present, the staging of NPC mainly adopts the
tumor—node—metastasis (TNM) staging system of the
Union of International Cancer Control and the eighth
American Joint Committee on Cancer (UICC/AJCC).
However, it has been continuously clinically confirmed
that even patients with the same TNM stage have prog-
nostic heterogeneity. This is because NPC is increasingly
recognized as a local tissue and systemic disease.
Extensive research revealed that inflammatory cells pro-
mote the proliferation and metastasis of tumor cells by
creating tumor microenvironment.®® Studies have shown
that large numbers of infiltrating white blood cells that
persist in nasopharyngeal cancer lesions can promote the
growth of nasopharyngeal cancer cells.” In addition,
a large-scale study from Hong Kong found that even
a small tumor load can release a sufficient amount of
EBV DNA into the circulation, demonstrating the potential
of circulating EBV DNA analysis in the screening of early
asymptomatic nasopharyngeal carcinoma.' Thus, as
a molecular-based decision, bring inflammation-related
parameters into TNM staging system to make the prog-
nosis model more personalized is recommended. The sys-
temic inflammatory biomarkers such as pre-treatment
platelet count to lymphocyte count ratio (PLR), neutrophil
to lymphocyte ratio (NLR), systemic immune inflamma-
tion index (SII) and systemic inflammatory response index
(SIRI) were suggested as effective prognostic factors of
NPC.""'* Moreover, lactate dehydrogenase (LDH) is
a significant enzyme which has been reported to be
involved in energy production in different cancer species
and shows good predictability in prognosis of NPC.'>!¢
As an indicator of nutritional status, albumin (ALB) also
reflects good prognosis.!” However, the joint effect of
inflammation and nutrition like lactate dehydrogenase to
albumin ratio (LAR) in NPC is still unclear.

By integrating various prognosis and determinants, the
nomogram makes the ability to predict the possibility of
clinical events in individual patients more precise, and it
has advantages over traditional staging systems utilized to
predict the prognosis of numerous cancer patients.'®
Hence, we initially explore LAR in this study. We con-
structed nomograms involving clinicopathologic factors,
plasma EBV DNA, LAR and inflammation indicators to
predict the OS and PFS of NPC.

Patients and Methods

Patients
We retrospectively reviewed 1661 patients completely
treated at our cancer center between January 2010 and
December 2017. A total of 1162 patients were selected
as the training cohort from January 2010 to
December 2015, and 499 patients were selected as the
validation cohort from January 2016 to December 2017.
The inclusion criteria of our study were (a) histopathology
confirmed NPC; (b) TNM stage II-IVA; (c) received con-
current chemoradiation combined with induction or adju-
IMRI

radiotherapy; (e) completed the entire treatment. The

vant chemotherapy; (d) received technical
exclusion criteria were (a) multiple cancers at diagnosis;
(b) distant metastasis in initial treatment; (c) serious com-
plications; (d) inability to complete the treatment phase;
(e) lost to follow-up. The 8th edition of AJCC staging
system was applied as the basis for staging classification.
The Ethics Committee of Guangxi Medical University
Cancer Hospital approved the study protocol, and the
committee gave up the written informed consent. The
data has been analyzed anonymously and all personal

information of the participants was confidential.

Hematological Examination

The hematology specimens were gathered within 1 week
before treatment. The blood of patients on an empty sto-
mach for 8-12 hours was collected into an anticoagulation
vacuum tube and completed analyzed within 30 minutes.
Routine peripheral blood cells were analyzed by Sysmex
XT-1800i (Sysmex, Kobe, Japan) automated hematology
analyzer. Lactate dehydrogenase-to-albumin ratio (LAR),
(PLR),
lymphocyte ratio (NLR), systemic immune inflammation

platelet-to-lymphocyte  ratio neutrophil-to-
index (SII), and systemic inflammatory response index
(SIRI) were included in the study. Their calculation for-

mula is as follows:
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LAR= lactate dehydrogenase (U/L)/serum albumin
(g/L);

PLR= platelet count (10° /L)/llymphocyte count
(10° /L);

NLR = neutrophil count (10° /L)/lymphocyte count
(10° /L);

SII=platelet count (10° /L) x neutrophil count/lympho-
cyte count (10° /L);

SIRI=monocyte count (10° /L) x neutrophil count/lym-
phocyte count (10° /L).

Treatment

TNM staging is still the guideline for treatment planning.
According to the recommendations of the National
Comprehensive Cancer Network (NCCN) guidelines,
CCRT is a level I recommendation for stage II patients,
while a combination of CCRT and IC/AC for stage III or
IV patients is a level I recommendation. All patients
received CCRT, with or without IC/AC and underwent
IMRI with 6 megavoltage photons (6 MV) in this study.
Regarding the total prescribed dose, the primary nasophar-
yngeal tumor (GTVnx) was 70~75.9Gy/31~32 f, and the
cervical metastatic lymph node (GTVnd) was 60~73.6Gy/
30~32 f. The extension of GTVnx by 5mm, and the
surrounding subclinical area (clinical target volume 1,
CTV1) was 60~68Gy/30~31 f. Considering the nasophar-
yngeal anatomy and the biological characteristics of the
tumor, the expansion of CTV1 by 5mm, including the
GTVnd and the cervical lymphatic drainage area (clinical
target volume 2, CTV2) that needs preventive irradiation
was 54~57.6Gy/30~31 f. Concurrent chemotherapy was
mainly cisplatin, and some intolerant patients were neda-
platin at a dose of 80-100 mg/m”, delivered over three 21-
day cycles. Induction chemotherapy was TPF regimen
(The dose of docetaxel on day 1 was 60mg/m>, the dose
of cisplatin on day 1 was 60mg/m> and the dose of
5-fluorouracil was 600mg/m?, 120h continuous intrave-
nous drip) or GP regimen (The dose of gemcitabine was
1000 mg/m? on days 1 and 8, and the dose of cisplatin was
60 mg/m” on days 1). Adjuvant chemotherapy was the PF
regimen (cisplatin 80mg/m2, S5-fluorouracil 600mg/m2,
120h continuous intravenous drip). Induction or adjuvant
chemotherapy looped 2-3 cycles, performed in 21-day.
Among them, 827 patients received concurrent chemora-
diation (CC), 529 received induction chemotherapy plus
concurrent chemoradiation (IC+CC), and 305 received
concurrent chemoradiation plus adjuvant chemotherapy
(CC+AQ).

Follow-Up

After the first complete treatment, the patient underwent
physical examination, indirect nasopharyngoscope and
related imaging examinations every 3—6 months, every
6—12 months for 3 to 5 years, and once a year thereafter.
In this retrospective study, our follow-up time range 4-123
months, and the median follow-up time was 63.4 months.
For patients diagnosed with local recurrence or distant
metastasis, rescue treatment such as surgery, re-
radiotherapy or systemic chemotherapy will be given.
The endpoints of our study were the primary endpoint of
OS and the secondary endpoint of PFS. OS was defined as
the time between the start of treatment and death from any
cause. PFS was defined as the time from the start of
treatment to the first occurrence of disease progression or
death from any cause. For patients who did not have

a study endpoint, we recorded the latest follow-up date.

Statistical Analysis

All statistical analysis steps are carried out in R, version
Firstly, the
Whitney U-test was used to compare continuous variables,

3.6.0 (http://www.r-project.org/). Mann—

while the chi-square test was used to compare categorical
variables. Through receiver operating characteristic (ROC)
curve analysis, the cut-off values of the research indicators
based on OS were obtained, and then those continuous
variables were converted into binary variables according
to the cut-off value. In addition to the body mass index
(BMI), we converted into <18kg/m2, 18-24kg/m2, >24kg/
m2, which is based on Asian standards. In the training
cohort, univariate cox regression analysis was used to
select factors which P <0.1 to enter multivariate analysis,
and select factors which P <0.05 in multivariate analysis to
determine risk factors independent prognosis for NPC. The
association between LDH and LAR was assessed using the
Spearman’s rank correlation coefficient test. OS and PFS
nomograms based on the final variables obtained from the
results of multivariate Cox regression analysis. To estimate
the discriminant performance of the nomogram, we use
Harrell’s C-index and ROC analysis. The calibration curve
can quantify the predictive accuracy of the nomogram,
which is measured by bootstrap verification with 1000
resamples. After the risk score was determined by the
nomogram, the best cut-off value of the scores of the
patients in the training cohort was obtained in the X-tile,
version 3.6.1. According to the cut-off value, patients were
divided into low-risk group and high-risk group. The Log
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rank test was used to analyze the survival difference
between risk groups. Finally, the Kaplan—-Meier method
was used to analyze different groups and TNM stages.

Results

Patient Characteristics

What we found in research results are followed: the med-
ian age was 45 years (range 12—78 years) of 1661 patients
with NPC, 1239 (74.6%) were male, 422 (25.4%) were
female (Table 1). In the light of TNM staging, there were
351 (21.1%) in stage 11, 780 (47.0%) in stage III and 530
(32.0%) in stage IV. Among these treated patients, 827
(49.8%) patients who received chemoradiotherapy, 529
(31.9%) patients who received induction chemotherapy
plus concurrent chemoradiotherapy and 305 (18.4%)
patients who received concurrent chemoradiotherapy plus
adjuvant chemotherapy. The median values of the pre-
treatment white blood cell, hemoglobin, platelet count,
neutrophil count, monocyte count, lymphocyte count,
albumin, alkaline phosphatase and lactate dehydrogenase
were 6.70x10° /L, 140.00g/L, 262.59x10° /L, 4.04x10° /L,
0.44x10° /L, 1.85x10° /L, 42.40g/L, 65.00U/L and
176.00U/L, respectively.

Factors Associated with OS and PFS in

the Training Cohort

the ROC in the
(Supplementary Figure), the optimal truncation values for
age, WBC, ALP, LDH, LAR, NLR, PLR, SII and SIRI
(The deleted variables are in the Supplementary Table)
were identified to be 49 years, 4.94X109/L, 59U/L, 174U/
L,4.04, 2.56, 157.14, 634.28 and 0.95, respectively. For
OS model after univariable analysis, the variables of sex,
age, smoking, BMI, T stage, N stage, plasma EBV DNA,
chemotherapy, WBC, ALP, LAR, NLR, PLR, SII, SIRI
were entered into the multivariable Cox regression analy-

As per curves training cohort

sis. For PFS model after univariable analysis, the variables
of sex, age, smoking, T stage, N stage, plasma EBV DNA,
chemotherapy, WBC, ALP, LAR, NLR, PLR, SII, SIRI
were entered into the multivariable Cox regression analy-
sis (Table 2). Considering the strong correlation between
LDH and LAR (Spearman’s rho = 0.893; P < 0.001), in
order to avoid overfitting, we did not include LDH into the
multivariate analysis. The multivariable analyses demon-
strated that the OS of NPC was significantly correlated
with sex (P=0.030), age (P < 0.001), T stage (P =0.035),
N stage (P=0.039), plasma EBV.DNA (P < 0.001), WBC

(P =0.014), PLR (P=0.030), and LAR (P =0.001). The
multivariable analyses demonstrated that the PFS of NPC
was significantly correlated with age (P < 0.001), T stage
(P =0.020), N stage (P=0.016), plasma EBV.DNA (P <
0.001), WBC (P =0.015), PLR (P=0.038), and LAR
(P=0.008) (Table 2).

Establishing and Validating Nomograms
From the multivariable Cox regression analysis results,
age, sex, T stage, N stage, plasma EBV.DNA, WBC,
PLR, and LAR were aggregated and used to build the
OS nomogram, which also show that age, T stage,
N stage, plasma EBV.DNA, WBC, PLR, and LAR were
integrated and used to construct the PFS nomogram.
Nomograms were established to predict the 3- and 5-year
OS (Figure 1), PFS (Figure 2) in the training cohort. The
value range of each variable is marked on the correspond-
ing line segment. The length of the line segment reflects
the contribution of the variable to the resulting event. The
score includes individual scores, namely the Point in the
figure, which represents the individual scores of each
variable under different values; the total score, namely
the Total Point, represents the total score of the sum of
the corresponding individual scores after taking all the
variables. According to the calculated total score, the
corresponding survival probability of 3 or 5 years can be
obtained.

The discriminative ability of the models was evaluated
applying the consistency index (C index). A C-index of 1
indicates complete agreement which is closer to 1, the
better consistency reached between the model and the
actual survival. In these nomograms model, the
C-indexes for predicting OS is 0.722, PFS is 0.696 in the
training cohort, and OS is 0.747, PFS is 0.690 in the
validation cohort (Table 3). Both OS and PFS showed
TNM stage +LAR
c-index (0.667) showed good performance in OS com-
pared with TNM stage +LDH (0.659). In the calibration
curve diagram, the abscissa represented the predicted sur-

satisfactory model performance.

vival rate, the ordinate represented the actual survival rate,
and the diagonal represented the predicted probability was
equal to the actual probability. The closer the nomogram
curve is to the diagonal line, the more closely the predicted
probability matches the actual probability. The calibration
graphs for the probability of the 3-year and 5-year OS
(Figure 3A, B, D and E) and the 3-year PFS (Figure 3C
and F) basically agreed with the diagonal.
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Table | NPC Patients Characteristics
Variables Overall(n=1661) Training Cohort (n=1162) Validation Cohort (n=499) P-value
Sex (%)
Female 422 (25.41) 302 (25.99) 120 (24.05) 0.4402
Male 1239 (74.59) 860 (74.01) 379 (75.95)
Age (mean (SD)) 45.406 (10.693) 45.199 (10.780) 45.888 (10.483) 0.2288
Smoking (%)
No 1098 (66.14) 798 (68.73) 300 (60.12) 0.0008
Yes 562 (33.86) 363 (31.27) 199 (39.88)
BMI (mean (SD)) 24.449 (77.038) 25.316 (92.082) 22.431 (3.081) 0.4843
T stage (%)
Tl 73 (4.39) 38 (3.27) 35 (7.01) <0.0001
T2 569 (34.26) 395 (33.99) 174 (34.87)
T3 622 (37.45) 473 (40.71) 149 (29.86)
T4 397 (23.90) 256 (22.03) 141 (28.26)
N stage (%)
NO 59 (3.55) 37 (3.18) 22 (4.41) <0.0001
NI 824 (49.61) 570 (49.05) 254 (50.90)
N2 617 (37.15) 474 (40.79) 143 (28.66)
N3 161 (9.69) 81 (6.97) 80 (16.03)
TNM stage (%)
Stage Il 351 (21.13) 231 (19.88) 120 (24.05) <0.0001
Stage Il 780 (46.96) 606 (52.15) 174 (34.87)
Stage IV 530 (31.91) 325 (27.97) 205 (41.08)
EBV DNA
Detectable 606 (36.48) 385 (33.13) 221 (44.29) <0.0001
Undetectable 1055 (63.52) 777 (66.87) 278 (55.71)
Chemotherapy (%)
CcC 827 (49.79) 537 (46.21) 290 (58.12) <0.0001
IC+CC 529 (31.85) 345 (29.69) 184 (36.87)
CC+AC 305 (18.36) 280 (24.10) 25 (5.01)
WBC (median [IQR]) 6.70 [5.62, 7.96] 6.70 [5.60, 7.98] 6.70 [5.64, 7.86] 0.6759
HGB (median [IQR]) 140.00[127.00,150.00] 139.00[126.00,149.00] 142.00[129.00,150.00] 0.0211
PLT (median [IQR]) 262.59[219.92,312.38] 263.45[218.92,310.00] 261.00[223.00,318.00] 0.4163
NEUT (median [IQR]) 4.04 [3.21, 5.08] 4.09 [3.21, 5.14] 3.97 [3.20, 4.96] 0.2577
MONO (median [IQR]) 0.44 [0.35, 0.56] 0.43 [0.34, 0.55] 0.46 [0.36, 0.58] 0.0003
LYMPH (median [IQR]) 1.85 [1.48, 2.26] 1.84 [1.47, 2.26] 1.86 [1.50, 2.28] 0.6037
ALB (median [IQR]) 42.40 [39.70, 45.60] 43.60[40.80, 46.40] 40.20 [38.35, 42.60] <0.0001
ALP (median [IQR]) 65.00 [53.00, 81.00] 62.00 [51.00, 76.00] 74.00 [62.00, 89.00] <0.0001
LDH (median [IQR]) 176.00[153.00,203.00] 178.00[156.00,205.00] 172.00[148.00,198.50] 0.0126

Abbreviations: BMI, body mass index, kg/mz; CC, concurrent chemoradiotherapy; IC+CC, induction chemotherapy plus concurrent chemoradiotherapy; CC+AC,
concurrent chemoradiotherapy plus adjuvant chemotherapy; WBC, white blood cell; HGB, hemoglobin; PLT, platelet count; NEUT, neutrophil count; MONO, monocyte
count; LYMPH, lymphocyte count; ALB, albumin; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; IQR, interquartile range.
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Notes: The line segment corresponding to each variable is marked with a scale, which represents the range of possible values of the variable and draws a vertical line
upward to get the corresponding score. Add all the variables to get the total score and draw a vertical line downward to get the probability of survival of OS at 3 or 5 years.
Abbreviations: OS, overall survival; WBC, white blood cell; LAR, lactic dehydrogenase-to-albumin ratio; PLR, platelet-to-lymphocyte ratio.

ROC curve analysis was also used to evaluate the
predictive ability of nomograms. In the ROC curve, the
closer the curve to the upper left corner, the better forecast
result reached. The score of the ROC curve depends on the
area under the ROC curve (AUC), which we hope to be
closer to 1 due to the accuracy of the prediction. The AUC
of the nomograms for predicting the 3-year and 5-year OS
attained 0.732 and 0.733 in the training cohort (Figure 4A
and B), and reached 0.704 and 0.743 in the validation
cohort (Figure 4D and E). The ROC curve of the 3-year
PFS also showed strong predictive values in the training
cohort and validation cohort (Figure 4C and F). The results
of C-index, Calibration curve and ROC curve indicated
that the nomograms for predicting OS and PFS could
availability screen out NPC patients with relatively poor
survival.

Nomogram for Risk Stratification and
Comparison the Nomogram with

Current Staging Systems

As a result, based on the total score calculated by the OS
nomogram (358.7 points) and PFS nomogram (224.6
points), we established the risk stratification in the OS
and PFS nomograms of the training and validation cohort,
divided into low-risk and high-risk groups. According to
the Kaplan—Meier graphs, patients with NPC in the high-
risk group showed worse OS and PFS both in the training
cohort (Figure 5A and C) and the validation cohort
(Figure 6A and C) than those patients in the low-risk
group. Meanwhile, the AJCC8th staging system used the
same statistical method, and OS and PFS survival prob-
ability differed significantly (P-values <0.001) between
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Notes: The line segment corresponding to each variable is marked with a scale, which represents the range of possible values of the variable and draws a vertical line
upward to get the corresponding score. Add all the variables to get the total score and draw a vertical line downward to get the probability of survival of PFS at 3 or 5 years.
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stages both in the training cohort (Figure 5B and D) and in
the validation cohort (Figure 6B and D). By calculating
their
(Table 3). For OS survival probability, the nomogram
C-index performance (0.722; 95% CI: 0.706—0.738) was
exceeded than that of the current staging system (0.646;
95% CI: 0.629-0.663) in the training cohort, and the
C-index of nomogram (0.747; 95% CI: 0.717-0.777) was
also superior to the current staging system (0.688; 95% CI:
0.658-0.718) in the validation cohort. For PFS survival
probability, the nomogram C-index performance (0.696;
95% CI: 0.680-0.713) was exceeded than that the current
staging system (0.632; 95% CI: 0.615-0.649) in the train-
ing cohort, and the C-index of nomogram (C-index: 0.690;
95% CI: 0.660-0.720) was also superior to the current
staging system (0.666; 95% CI: 0.636—0.696) in the vali-
dation cohort. Therefore, our nomograms demonstrated

C-index, predictive abilities were compared

better predictive power of the OS and PFS for NPC
patients.

Discussion

For patients with NPC of TNM II-IVA stage, concurrent
chemoradiation combined with induction chemotherapy or
adjuvant chemtherapy is currently the standard therapeutic
regimen which NCCN recommended. However, the prog-
nosis of different patients in the same TNM stage was
heterogeneous, and recurrence and metastasis are still
important reasons that affect NPC patients’ long-term sur-
vival rate."” In our study, the OS of patients at 3 and 5
years with NPC in the training cohort was 85.0% and
70.9%, respectively; PFS was 81.8% and 69.2%, respec-
tively. Therefore, for NPC patients, the risk stratification
and early intervention for high-risk group will help
improve the prognosis. The current staging of patients
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Table 3 Comparison of the C-Index of Different Models

Training Cohort Validation Cohort

Variables C-Index 95% ClI C-Index 95% ClI
os

TNM stage 0.646 0.629-0.663 0.688 0.658-0.718
TNM stage +LDH 0.659 0.642-0.676 0.714 0.684-0.744
TNM stage +LAR 0.667 0.650-0.684 0.727 0.697-0.757
TNM stage +LAR+PLR 0.674 0.657-0.691 0.734 0.704-0.764
Nomogram 0.722 0.706-0.738 0.747 0.717-0.777
PFS

TNM stage 0.632 0.615-0.649 0.666 0.636-0.696
TNM stage +LDH 0.645 0.627-0.661 0.674 0.644-0.704
TNM stage +LAR 0.649 0.632-0.666 0.682 0.652-0.712
TNM stage +LAR+PLR 0.656 0.638-0.672 0.685 0.655-0.715
Nomogram 0.696 0.680-0.713 0.690 0.660-0.720

Notes: Compare the C-index values of model of TNM stage, model of TNM stage+LDH, model of TNM stage+LAR, model of TNM stage+LAR+PLR and model of

nomogram in OS and PFS.

Abbreviations: TNM stage, AJCC8th TNM staging system; LDH, lactate dehydrogenase; LAR, lactic dehydrogenase-to-albumin ratio; PLR, platelet-to-lymphocyte ratio;

95% Cl, 95% confidence interval; OS, overall survival; PFS, progression-free survival.

with NPC is primarily the eighth edition of AJCC, and
plasma EBV DNA to be a useful biomarker of NPC has

12° also demonstrated that

also been confirmed. Tang et a
compared with the current staging system, nomogram
developed with EBV DNA showed higher predictive accu-
racy. However, TNM stage combined with plasma EBV
DNA alone is still far from sufficient and lack of persona-
lization to predict the prognosis. Inflammation index and
nutrition index can also affect the prognosis. Therefore, we
established a nomogram incorporated clinicopathologic
factors, EBV DNA levels, WBC, PLR and LAR into the
TNM staging system. The nomogram showed good prog-
nostic performance, such as C index, calibration curve,
ROC curve and internal cohort verification. There is
a tendency for statistically significant differences in the
validation cohort, which may be attributed to the follow-
up time not long enough for these patients.

To the best of our knowledge, we have applied LAR
in NPC for the first time and observed significant prog-
nosis correlations. We can explain this as follows: First,
LDH is a metal protein containing zinc ions. As one of
the important enzyme lines of anaerobic glycolysis and
gluconeogenesis (GNG), LDH catalyzes the reduction

and oxidation reaction between propylene acid and
L-lactic acid, and also catalyzes the associated o-ketone
acid. It is widely distributed in the heart, liver, kidneys,
skeletal muscles, etc. As a result, when cardiovascular,
liver, and kidney disease occurs, serum LDH increases.
In malignant tumors, LDH plays a key role in the
Warburg effect.?! In the Warburg effect, even with
enough oxygen and plenty of functional mitochondria,
cancer cells will significantly increase glucose absorption
and produce lactic acid. Secondly, cultured malignant
cells or lymphocytes from patients with cancer are kind
of different from healthy people, and they show obvious
membrane damage, thereby increasing the permeability
and leakage of intracellular enzymes, including LDH.*
Compared to all other enzymes, tumor cells make them
ideal for clinical monitoring. In addition, ALB maintains
the body’s nutrition and osmotic pressure as the most
important protein in human plasma. In malignant tumors,
low serum albumin levels are a sign of malnutrition and
have been exploited to predict the survival rate for those
cancer patients receiving chemotherapy or radiation ther-
apy. Low levels of circulating albumin in cancer patients
can be attributed to increased permeability leading to
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Figure 3 Calibration curve graphs for nomograms of OS and PFS.
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Notes: Calibration curve graphs to predict the 3- and 5-year OS of the nomogram in the training cohort (A and B) and validation cohort (D and E). And 3-year PFS of the
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Abbreviations: OS, overall survival; PFS, progression-free survival.

decreased synthesis and lateral leakage.”® As one of the
common head and neck tumors, patients with NPC can
show ALB reduction in serology due to mucosal toxic
effects, dysphagia, and weight loss undergoing radiother-
apy or chemoradiotherapy. LDH and ALB are easily
monitored clinically and inexpensively. We combined
LDH and ALB for the first time, and observed that the
C index of the model of LAR (0.667) is better than the
model of LDH (0.659), the effects of LAR may be higher
than either LDH or ALB. Therefore, LAR may act as
a new prognostic factor for nasopharyngeal carcinoma. In
some other tumors, such as pancreatic cancer patients,
LAR can also be observed as an independent indicator of
prognosis.** LAR is not only an indicator of inflamma-
tion but may also reflect nutritional status. This is
expected to become a new prognostic factor that com-
bines inflammation and nutritional status.>

It is well known that systemic inflammatory responses can
predict the survival rate of patients with cancer because of their
involvement in key steps in tumor formation.”® Experimental
studies have shown that cancer interacts with inflammatory
cells to promote the formation of new blood vessels, extra-
cellular matrix remodeling and persistent inflammatory micro-
environment promoted the metastasis. Inflammation can be
evaluated by calculating the change of the parameters of
different clinical blood test count (such as neutrophils, plate-
lets, lymphocytes and mononucleosis cells), reflecting the
dynamic balance between the anti-tumor function of the
body’s immune system and the function of the tumor itself.’

The total white blood cell (WBC) count usually increases
during infection, is one of the nonspecific signs of inflamma-
tion, and may be associated with some types of cancer.”® In
addition, some novel inflammatory markers such as PLR,
NLR, SII, and SIRI, are confirmed to be strong factors in

Journal of Inflammation Research 2021:14

https:

4029

Dove:


https://www.dovepress.com
https://www.dovepress.com

Peng et al Dove
Q 4 e 4 o o |
A: E —— c: >
/'j i //
/r‘
| - Z - '/_/_/
=) oS / < :
* e
3 - ER i 2 ’
E = // a /
31 31/ -
J /
/ «
o~ /
g 1 s | g4 /
/ /
/ /
g ~ —— 3 years OS ROC curve g - —— 5 years OS ROC curve g N ’ —— 3years PFS ROC curve
T T T T T T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 06 08 1.0 0.0 02 04 0.6 08 10
FP FP FP
AUC = 0.732 AUC = 0.733 AUC = 0.684
o
Dz —— E 2 —— F 2
o > il
g d
—
@ g / 24
o 7| =) A o
J
57
© /f © J
g g f/ e 7
B o~ = ’ 2 ¥
< ~
) 3 /ﬂ s
A f/
N / o // N /
o 7| / o ( o //
[ /
J, / /
g — / l —— 3 years OS ROC curve g - | —— 5 years OS ROC curve g - I —— 3 years PFS ROC curve
T T T T T T T T T T T T T T T T T T
0.0 02 04 0.6 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 04 = 0.6 0.8 1.0
FP FP
AUC = 0.704 AUC = 0.743 AUC = 0.668

Figure 4 ROC curve for nomograms of OS and PFS.

Notes: ROC curve to predict the 3- and 5-year OS of the nomogram in the training cohort (A and B) and validation cohort (D and E). And 3-year PFS of the nomogram in
the training cohort and validation cohort (C and F). Nomogram-estimated FP was drawn on the abscissa; the TP was drawn on the ordinate. The predicted probability

equals the actual probability expressed on the dotted line along the 45-degree line.

Abbreviations: ROC, receiver operating characteristic; FP, false positive; TP, true positive.

some cancers. Jiang et al'' demonstrated that pretreatment
PLR can help predict cancer-specific survival (CSS), OS, and
distant metastasis-free survival (DMFS), independent of
other established prognostic factors for NPC patients. As
our research shows, inflammatory biomarkers (such as
WBC and PLR) have great predictive power of survival for
NPC patients receiving IMRT-based treatment. Nuclear fac-
tor-kB (NF-kB), transcription 3 (STAT3) signal sensors and
activators, and hypoxia-inducing factor la (HIFla) play
a crucial part in the promotion of inflammation-related can-
cers in which elevated PLRs indicate activation of those
transcription factors.?® ° These transcription factors coordi-
nate to produce a large number of important cytokines that
promote tumor growth, including TNF-a, IL-1f, and IL-6.*"
This highlights the important role of inflammatory biomar-
kers in the control of clinical risks.

In summary, inflammation and nutrition are closely
related to nasopharyngeal carcinoma and should be con-
sidered as an adjunct to TNM stage in the prognosis of

NPC. Nomogram is widely used in cancer prognosis,
mainly because one of its greatest advantages is the
ability to quantify the predictive model of the integra-
tion of determinant variables as a numerical estimate of
the probability of an event, which is tailored to the
characteristics of a single patient.'® In addition, its
practicality can be transformed into a network-friendly
interface and easy to operate, and to maximize the
transformation of complex regression equations into
visual graphics, the results of the prediction model are
more readable and convenient for patient evaluation. In
view of the above advantages, we established nomo-
grams that incorporate the clinical features of pre-
treatment clinicopathologic factors, WBC, LAR, PLR,
plasma EBV.DNA, and TNM stages to make the prog-
nosis prediction of patients with nasopharyngeal cancer
more accurate and allow clinicians to customize the
individual treatment plan for the patients. Clinicians

can consider whether need to take more aggressive
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Figure 5 Kaplan-Meier survival curves of the training cohort.
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Notes: Kaplan—Meier survival curves for OS (A and B) and PFS (C and D) of the training cohort in different models. The nomogram is divided into high-risk group and low-
risk group comparison (A and C); AJCC8th staging system is divided into stage Il, stage Ill and stage IV comparison (B and D).

Abbreviations: OS, overall survival; PFS, progression-free survival.

treatments for patients in the high-risk group, such as
adding targeted therapy or immunotherapy.

However, there are several limitations of this study.
First, LAR is currently less relevant in research, and large-
scale prospective cohort studies are needed in more
patients with different cancer species to determine the
broader independent predictive effects of LAR. Secondly,
this nomogram is only verified internally, and a large
number of multicenter external verification are still
required. The third limitation is that the determination of

EBV DNA in plasma has not yet reached a consensus and

uniformity. The fourth limitation is that longer follow-up
data needs to be established due to the relatively short
follow-up time of the validation cohort.

Conclusion

Consequently, our study first demonstrated that LAR seems
to be a promising indicator of survival outcomes in NPC.
Nomogram based on LAR and PLR for predicting OS and
PFS in NPC may serve as a clinically personalized tool to
provide reliable prognostic information for the greatest sur-
vival benefits for NPC patients through layered management.
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