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Purpose: Distant metastasis is the main pattern of treatment failure in nasopharyngeal
carcinoma (NPC) in the era of intensity-modulated radiotherapy (IMRT). We aimed to
establish and validate a prognostic nomogram to identify patients with a high risk of distant
metastasis.

Patients and Methods: A total of 503 patients with nonmetastatic NPC were included in
this retrospective study. We established a prognostic nomogram for distant metastasis-free
survival (DMFS) based on the Cox proportional hazards model. The predictive discrimina-
tive ability and accuracy of the nomogram were assessed with the concordance index
(C-index), receiver operating characteristic (ROC) curve, and calibration curve. The nomo-
gram’s clinical utility was also evaluated using decision curve analysis (DCA) and Kaplan—
Meier method. The predictive ability of the nomogram was validated in an independent
cohort.

Results: The multivariate analysis showed that circulating CD4" T lymphocytes, lactate
dehydrogenase (LDH), serum ferritin (SF), and N stage were independent prognostic factors
for DMFS. Then, we constructed the nomogram based on these factors. The C-indexes of the
nomogram for distant metastasis were 0.763 (95% CI: 0.685-0.841) and 0.760 (95% CI:
0.643—0.877) in the training cohort and validation cohort, respectively, which was higher
than the 8th TNM staging system (0.672 and 0.677). The calibration curve showed that the
prediction results of the nomogram were in high agreement with the actual observation. The
ROC curve indicated that the nomogram had a better predictive ability than TNM staging.
The DCA also demonstrated that the nomogram was clinically beneficial. In addition, the
patients were classified into two different risk groups (high-risk, low-risk) by the nomogram.
Conclusion: As a supplement to TNM staging, our nomogram could provide a more
effective and accurate prognostic prediction of distant metastasis in NPC patients. It has
the potential to guide the individualized treatment of patients to improve their survival.
Keywords: nasopharyngeal carcinoma, nomogram, distant metastasis, CD4" T lymphocytes,
lactate dehydrogenase, prognosis

Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor that originates from the
mucosal epithelium of the nasopharynx and has a high incidence in Southeast Asian
countries. Approximately 130,000 new cases per year have been reported, with an
incidence of 3.26/100,000 in endemic areas.”” Radiotherapy alone is the primary
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treatment modality for patients with early-stage NPC, and
combined radiotherapy and chemotherapy are recom-
mended for locally advanced disease.' In the era of inten-
sity-modulated radiotherapy (IMRT), locoregional control
has improved considerably. But even after the combination
of IMRT and induction or adjuvant chemotherapy, about
20% of NPC patients still develop distant metastasis.*
Nowadays distant metastasis is the main cause of treat-
ment failure in NPC patients.* Therefore, it is necessary
to identify patients at high risk of distant metastasis by
developing reliable prognostic models for early interven-
tion that may prolong their survival.

At present, the tumor—node—metastasis (TNM) staging
system is a mainstay for prognosis prediction and for
guiding clinician treatment decisions in NPC. However,
large differences in clinical outcomes have been observed
in patients of the same stage after receiving similar regi-
mens in the clinic.” This demonstrates that the TNM
staging system based on anatomical structure is insuffi-
cient to effectively predict which patients may develop
distant metastasis. The traditional TNM staging system
fails to consider the influence of non-anatomical factors
which may account for the different survival outcomes of
patients in the same stage.® Although plasma EBV DNA is
closely associated with the prognosis of NPC, and it is one
of the ideal markers. Considering the lack of uniform
standards for the detection of EBV DNA, there are large
differences in the results of testing in different regions.
Finding risk factors that reflect the biological heterogene-
ity of tumors is still urgently needed.

Extensive studies have shown that immune escape and
inflammation are key in tumor progression and are asso-
ciated with tumor prognosis.”'? Combining immune and
inflammation-related parameters with the TNM staging
system has the potential to create more individualized
prognostic models. CD4" T lymphocytes are key players
in the host immune response to tumors."? Additionally,
circulating CD4" T lymphocytes and the CD4/CDS ratio
have previously been reported to be associated with distant
metastasis in NPC, but few studies have further explored
this.'* Lactate dehydrogenase (LDH) is an important
enzyme in the human body that is widely distributed in
the heart, liver, kidney, and skeletal muscle. When tissues
are damaged due to inflammation or tumor growth, they
release more LDH into the blood.'>'® Because of the rapid
proliferation of tumor cells under hypoxic conditions,
LDH catalyzes the conversion of pyruvate to lactate, pro-
viding energy for the tumor cells.'” Consequently, serum

LDH can reflect the degree of tumor cell hypoxia to some
extent. Some studies have shown that pretreatment LDH
level can be used as one of the serum markers for distant
metastasis of NPC.'®!” In addition, serum ferritin (SF) is
a major iron-binding protein that reflects whether the body
is in a state of iron deficiency or iron overload. It was
reported that serum SF and albumin (ALB) were asso-
ciated with distant metastasis in NPC.?° However, the
relationship between SF, ALB levels, and distant metasta-
sis in NPC remains unclear. These serum markers are
potential biomarkers for predicting distant metastasis in
NPC and are easily accessible in the clinic.

Compared with TNM stage, a nomogram can more
accurately predict the probability of patients to develop
clinical events by integrating relevant prognostic factors.”'
In this study, we aimed to determine the factors that affect
distant metastasis and to establish a prognostic nomogram
that can identify patients at high risk of distant metastasis
and help guide individualized treatment for NPC.

Materials and Methods

Patients

We retrospectively analyzed the data of patients with
newly diagnosed, nonmetastatic NPC at Guangxi Medical
University Cancer Hospital from 2011 to 2014. The inclu-
sion criteria for our study were as follows: 1) pathologi-
cally confirmed, nonmetastatic NPC; 2) receiving
IMRT; 3) KPS score > 70 points; 4) adequate clinical
data. Exclusion criteria were: 1) severe complications; 2)
comorbid malignancies; 3) failure to receive complete
radiotherapy; 4) lost to follow-up. We included a total of
503 NPC patients and randomized them at a ratio of 7:3
into a training cohort (n = 352) and an independent valida-
tion cohort (n = 151). We restaged all patients according to
the 8th edition of the American Joint Committee on
The Ethics
Guangxi Medical University Cancer Hospital approved

Cancer staging manual. Committee of
this study and waived the requirement for informed con-
sent. All data information has been anonymized.

Collection of Pretreatment Baseline Data
We collected data on serum parameters measured within 1
week before treatment and clinical characteristics of NPC
patients, including gender, age, smoking history, family
history, pathological type, clinical stage, radiotherapy
dose, chemotherapy regimen, and pretreatment ALB,
hemoglobin (HGB), SF, LDH, neutrophil-to-lymphocyte
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ratio (NLR), platelet-to-lymphocyte ratio (PLR), percen-
tage of CD4" T lymphocytes, and CD4/CD8 ratio. NLR
was calculated as the ratio of absolute counts between
peripheral neutrophil and lymphocyte measurements, and
PLR was calculated as the ratio of absolute counts
between  peripheral and

platelet lymphocyte

measurements.

Treatment Methods

All patients completed IMRT as planned. Patients with
stage I disease received radiotherapy alone, patients with
stage II disease received radiotherapy alone or concurrent
chemoradiotherapy, and patients with stage III-IVa disease
received concurrent chemoradiotherapy with or without
induction and/or adjuvant chemotherapy. The delineation
of target areas and organs at risk (OARs) was performed
with reference to the International Commission on
Radiation Units and Measurements (ICRU) Reports 50
and 62. Regarding the prescribed radiation doses, the
primary gross tumor volume (GTVnx) was 68-75Gy/30-
33f, cervical lymph node tumor volume (GTVnd) was 60—
72Gy/30-33f, the clinical target volume with high risk
(CTV1) was 60-64Gy/30-32f, and the low-risk clinical
target volume (CTV2) was 54-58Gy/30-32f. All patients
received radiotherapy once a day, 5 times per week.
Concurrent chemotherapy was based on cisplatin
(100 mg/m? on days 1 to 3), and carboplatin was adminis-
tered to some intolerant patients. Concurrent chemother-
apy was administered every 3 weeks for 2-3 cycles.
Induction chemotherapy or adjuvant chemotherapy was
performed with TPF (docetaxel 60 mg/m?, day 1; cisplatin
60 mg/m?, day 1; 5-fluorouracil 600 mg/m?, continuous
intravenous infusion for 120 hours), TP (docetaxel 75 mg/
m?, day 1; cisplatin 75 mg/m?, day 1), or PF (cisplatin
80 mg/m?, days 1 to 3; 5-fluorouracil 750 mg/m?, contin-
uous intravenous infusion for 120 hours) regimens.
Induction chemotherapy or adjuvant chemotherapy was
administered every 3 weeks for 2-3 cycles.

Follow-Up

All patients were assessed every 3 months during the first 1—
2 years after completion of treatment, every 6 months during
the next 3-5 years, and annually thereafter until death. Each
evaluation was performed with relevant physical examina-
tion, laboratory testing, and imaging examination. The study
endpoint was distant metastasis-free survival (DMFS),
defined as the time from the date of the patient’s diagnosis
to the date the patient developed distant metastasis or the last

follow-up. Our follow-up ranged from 3—126 months, with
a median follow-up of 77 months. The date of the last
follow-up was November 2020.

Statistical Analysis

Statistical analyses were performed using SPSS25 (IBM
Corp, Armonk, NY, USA) and R software (Version 4.0.3).
First, we assessed the comparability between the training
cohort and the validation cohort. Categorical variables
were presented as frequencies (proportions), and the chi-
square test was used to compare their differences.
Continuous variables were presented as medians (first
quartile, third quartile) to describe their characteristics,
and the Mann—Whitney U-test was used for their compar-
ison. The optimal cut-off values for continuous variables
were determined by X-tile software (version 3.6.1, Yale
University, USA), and then these continuous variables
were transformed into categorical variables according to
the cut-off values. In the training cohort, variables with
P < 0.05 in the univariate Cox regression analysis were
included in the multivariate analysis, and variables with
P < 0.05 in the multivariate analysis were considered
independent prognostic factors for distant metastasis of
NPC. A prognostic nomogram was developed based on
the independent prognostic factors screened. We evaluated
the performance of the established nomogram in predict-
ing distant metastasis using the concordance index
(C-index), receiver operating characteristic (ROC) curve,
and calibration curve. The clinical utility of the nomogram
was assessed by decision curve analysis (DCA). After the
risk score of the nomogram was determined, the optimal
cut-off value for the score of patients in the training cohort
was obtained by X-tile. Patients were divided into low-risk
and high-risk groups according to the cut-off value of the
risk score. The survival was calculated by the Kaplan
Meier method, and log rank tests were used to compare
survival differences between risk groups. In addition, the
predictive ability of the nomogram was compared with the
TNM staging system, and validated using an external
validation cohort.

Results

Patient Characteristics

A total of 503 NPC patients were included in this study.
There were 367 males and 136 females with a median age
of 46 years (range 12—78 years). The distribution of clin-
ical stages was as follows: 5 patients (1.0%) were in stage
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I, 117 (23.3%) were in stage II, 239 (47.5%) were in stage
III, and 142 (28.2%) were in stage IVa. Distant metastasis
occurred in 73 (14.5%) patients. The 5-year DMFS was
86.7% and 85.8% in the training and validation cohorts,
respectively. There were no significant differences in base-
line characteristics between the two cohorts (Table 1).

Independent Prognostic Factors in the
Training Cohort

The optimal cut-off values of the continuous variables
were obtained by X-tile software. The cut-off values of
CD4" T lymphocytes, CD4/CDS ratio, NLR, PLR, LDH,
HGB, ALB, and SF before treatment were 37%, 1.3, 2.8,
168.8, 174 U/L, 117 g/L, 48.4 g/L, and 292 pg/L, respec-
tively. The univariate analysis showed that T stage,
N stage, clinical stage, CD4" T lymphocytes, CD4/CD8
ratio, LDH, and SF were associated with distant metasta-
sis. The significant factors (P < 0.05) were included in the
multivariate Cox regression model. The multivariate ana-
lysis showed that N stage, CD4" T lymphocytes, LDH,
and SF were independent prognostic factors for DMFS
(Table 2).

Establishing a Nomogram for DMFS

Based on the multivariate analysis of the training cohort,
a nomogram for predicting DMFS was established
(Figure 1). The value range of each variable was marked
on the corresponding line segment. The length of the line
segment reflected the contribution of the variable to the
outcome event. Each variable had a corresponding score at
different value ranges. Adding the scores of all variables
obtained a total point. According to the calculated total
point, we estimated the corresponding probability of
3-year and 5-year DMFS. The C-index of the nomogram
was 0.763 (95% CI: 0.685-0.841) in the training cohort.
The model exhibited good accuracy in predicting DMFS in
NPC. The calibration curve showed good agreement
between the predicted probabilities of the nomogram and
the actual observed values of DMFS at 3 and 5 years
(Figure 2A).

Validation of the Nomogram Based on
the Validation Cohort

To verify the efficacy of the nomogram in predicting
distant metastasis, we performed external validation. The
nomogram C-index for DMFS was 0.760 (95% CI: 0.643—
0.877) in the validation cohort. The calibration curve

similarly showed good accuracy between the probability
of the nomogram in predicting distant metastasis and the
actual observation (Figure 2B).

Comparison of the Predictive Ability of
DMFS Between the Nomogram and TNM
Staging System

We evaluated the predictive ability of the model using the
C-index, ROC curve, and assessed the clinical benefit of
the model using DCA. First, the C-index of the nomo-
gram was 0.763 (95% CI: 0.685-0.841), which was
higher than the TNM stage (C-index: 0.672, 95% CI:
0.594-0.751) in the training cohort. In the validation
cohort, the C-index of the nomogram was 0.760 (95%
CI: 0.643-0.877), which was also higher than the TNM
stage (C-index: 0.677, 95% CI: 0.560-0.795). A larger
C-index indicated a more accurate prognostic value.
Second, the ROC curve similarly showed that the nomo-
gram had better predictive ability than TNM staging in
the training and validation cohorts (Figure 3). Third, the
DCA curve showed that the nomogram model (black
dotted line) had a higher net benefit compared with the
TNM staging system (red dotted line) (Figure 4). The
DCA suggested that the nomogram had better clinical
utility. The above results indicated that the nomogram
had a higher predictive ability and clinical application
value for DMFS.

Performance of the Nomogram in
Stratifying Risk of Patients

In the training cohort, the cut-off value for the total point
calculated by the nomogram was determined by X-tile
software. Patients were classified into two risk groups for
the prediction of distant metastasis: low-risk group (<
189.9) and high-risk group (> 189.9), according to the cut-
off values. The 5-year DMFS of the low-risk and high-risk
groups in the training cohort were 95.0% and 70.4%,
respectively (P < 0.001). Similarly, a significant DMFS
difference was also observed in the validation cohort
(94.8% vs 68.4%, P < 0.001). Kaplan—Meier curves in
both the training and validation cohorts clearly indicated
that NPC patients in the high-risk group were more likely
to develop distant metastasis (Figure 5). This risk stratifi-
cation can effectively distinguish NPC patients at a high
risk of distant metastasis.
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Table | Baseline Characteristics of the Patients in Training Table | (Continued).
Cohort and Validation Cohort
Variables Number of NPC Patients P-value Variables Number of NPC Patients P-value
Training Cohort | Validation Cohort Tra|n|n_g3C5:hort Va.llda.tl:)l": SCIohort
(n = 352) (n=151) (n =352 (n=15D
. . Distant metastasis
Categorical variables
No 302(85.8%) 128(84.8%) 0.764
Gender
Yes 50(14.2%) 23(15.2%)
Female | 91(25.9%) 45(29.8%) 0361
Continuous variables
Male 261(74.1%) 106(70.2%)
_ Age, year | 46(39, 53) 47(38, 55) 0.584
Smoking
CD4" 33.2(27.7, 40.0) 34.1(27.6, 39.5) 0.849
No 228(64.8%) 104(68.9%) 0373
T cells, %
Yes 124(35.2%) 47(31.1%)
CD4/CD8 | 1.5(I.1, 2.1) 1.4(1.0, 1.8) 0.054
Family history of NPC ratio
No 316(89.8%) 137(90.7%) 0.743 NLR 2.1 (1.6, 2.8) 22(1.7, 2.9) 0.264
Yes 36(10.2%) 14(9.3%) PLR 138.8(109.4, 174.8) | 142.1(107.5, 187.6) 0.668
WHO pathological type LDH, U/L | 176(156, 202) 176(157, 203) 0.945
[ 33(9.4%) 15(9.9%) 0.845 HGB, g/L | 139(127, 150) 140(125, 151) 0.890
Il 319(90.6%) 136(90.1%) ALB, g/l | 44.8(42.1, 47.4) 44.0(42.0, 46.6) 0.081
T stage SEugll | 271(154, 423) 245(139, 361) 0.128
TI=2 131(37.2%) 55(36.4%) 0.866 Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
: : ’ ratio; LDH, lactate dehydrogenase; HGB, hemoglobin; ALB, albumin; SF, serum
T34 | 221(62.8%) 96(63.6%) ferritin.
N stage
NO-I | 192(54.5%) 84(55.6%) 0.823 Discussion
ND_3 160(45.5%) 67(44.4%) In our study, we analyzed the effects of peripheral blood
immune and inflammatory-related indicators on NPC dis-
Clinical stage . . . . .
tant metastasis. Univariate and multivariate Cox regression
il 85(24.1%) 37(24.5%) 0.932 analyses indicated that N stage, CD4" T lymphocytes,
M-Va | 267(75.9%) 114(75.5%) LDH, and SF were independent prognostic factors of
] DMEFS, and we established a nomogram based on these
Induction chemotherapy . o
factors. Our nomogram showed satisfactory prediction and
No 264(75.0%) 118(78.1%) 0.449 calibration abilities based on C-index, ROC curve, and
Yes 88(25.0%) 33(21.9%) calibration curve, in both the training cohort and external
Concurrent chemotherapy validation cohort. Moreover, the DCA curve indicated that
the nomogram had a high clinical benefit. Furthermore,
No 18(5.1%) 9(6.0%) 0.699 o .
significantly different DMFS rates were found when NPC
Yes 334(94.9%) 142(94.0%) patients were divided into high-risk and low-risk groups.
Adjuvant chemotherapy This will help clinicians to identify NPC patients at high
No 256(72.7%) 111(73.5%) 0.856 risk of distant metastasis more effectively and select an
appropriate treatment.
Tes 6(27.3%) 40(26.5%) Currently, radiotherapy is the main treatment for NPC.
(Continued) However, in the IMRT era, even with the improvement of
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Table 2 Univariate and Multivariable Cox Hazards Analysis of the Training Cohort
Variables Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value
Gender
Female Reference
Male 1.410(0.705-2.819) 0.331
Age(years)
<46 Reference
>46 1.079(0.620-1.878) 0.788
Smoking
No Reference
Yes 1.148(0.649-2.033) 0.635
Family history of NPC
No Reference
Yes 0.772(0.278-2.145) 0.620
WHO pathological type
I Reference
n 1.146(0.413-3.184) 0.794
T stage
TI-2 Reference Reference
T34 2.990(1.453-6.154) 0.003 1.741(0.716—4.236) 0.222
N stage
NO-1 Reference Reference
N2-3 2.689(1.497—-4.831) 0.001 1.986(1.037-3.802) 0.038
Clinical stage
-l Reference Reference
IlI-1Va 5.624(1.750-18.071) 0.004 2.509(0.539-11.673) 0.241
Treatment
RT alone Reference
CCRT 0.292(0.040-2.135) 0.225
CCRT+IC/AC 0.596(0.331-1.073) 0.085
CD4" T cells (%)
<37 Reference Reference
>37 0.228(0.097-0.534) 0.001 0.299(0.118-0.754) 0.011
CD4/CDS8 ratio
<I.3 Reference Reference
(Continued)
6712 https: Journal of Inflammation Research 2021:14

Dove!



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

Dove

Shen et al

Table 2 (Continued).

Variables Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value
>1.3 0.444(0.253-0.778) 0.005 0.673(0.365—1.240) 0.204
NLR
<28 Reference
>2.8 1.744(0.971-3.132) 0.063
PLR
<168.8 Reference
>168.8 1.549(0.869-2.761) 0.138
LDH (U/L)
<174 Reference Reference
>174 2.811(1.515-5.215) 0.001 2.407(1.282-4.518) 0.006
HGB (g/L)
<I17 Reference
>117 0.997(0.425-2.339) 0.994
ALB (g/L)
<484 Reference
>48.4 0.609(0.259-1.428) 0.254
SF (ug/L)
<292 Reference Reference
>292 2.260(1.268—4.026) 0.006 2.271(1.270-4.062) 0.006

Abbreviations: RT, radiotherapy; CCRT, concurrent chemotherapy; IC, induction chemotherapy; AC, adjuvant chemotherapy; NLR, neutrophil-to-lymphocyte ratio; PLR,
platelet-to-lymphocyte ratio; LDH, lactate dehydrogenase; HGB, hemoglobin; ALB, albumin; SF, serum ferritin.

locoregional control, about 20% of NPC patients will still
develop distant metastasis after treatment.* Distant metas-
tasis becomes the major cause of treatment failure in NPC
patients.*> An accurate estimation of prognosis before
treatment, especially predicting the risk of distant metas-
tasis, is essential to improve the clinical management of
NPC. However, there are few relevant studies on prognos-
tic models for distant metastasis in nasopharyngeal carci-
noma, and effective prognostic models are lacking.
Determining how to identify patients at high risk of distant
metastasis to provide timely intervention and improve
their survival has become an urgent clinical problem.
Therefore, we developed a nomogram to predict DMFS
in NPC patients. The nomogram we constructed showed
better predictive ability than the 8th edition TNM staging

system. Our nomogram has the potential to be a good
complement to the TNM staging system for predicting
prognosis. Numerous studies have shown that T stage is
closely associated with locoregional recurrence, whereas
N stage is associated with distant metastasis in NPC.**2 24
A higher N stage is a risk factor for distant metastasis in
NPC,>*?* which is consistent with the results of our study.

In addition to anatomical factors, we included indica-
tors reflecting the patients’ immune and inflammatory
conditions. To our knowledge, we combined immune and
inflammation related indicators for the first time in
a prognostic model of distant metastasis in NPC. It is
well known that immune escape and inflammation are
key in tumor progression. An increasing number of studies

have shown that immune cells are involved in the whole
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Figure | Prognostic nomogram for DMFS in the training cohort.

Note: The scores of each variable were added to obtain the total score, and a vertical line was drawn on the total score to obtain the corresponding probability of DMFS at

3 and 5 years.

Abbreviations: LDH, lactate dehydrogenase; SF, serum ferritin;, DMFS, distant metastasis-free survival.
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Figure 2 Calibration curves of the nomogram to predict 3- and 5-year DMFS in the training cohort (A) and validation cohort (B).

process of tumor progression and have a dual function of
promoting or inhibiting tumor growth. Inflammatory cells
are involved in constituting the tumor microenvironment,
which promote the proliferation and metastasis of tumors.
The immune environment and inflammation are closely
related to tumor prognosis.”'> The introduction of
immune parameters into the TNM staging system will
perhaps improve of tumor

the predictive power

prognosis.”® We found that NPC patients with lower

CD4" T lymphocyte levels before treatment were more
likely to develop distant metastasis. CD4" T lymphocytes
are major players in the body’s antitumor response and can
exert potent tumoricidal effects by activating NK cells
through the production of interleukin II and assisting
B cells to produce antibodies.'> The decrease of CD4"
T lymphocytes may contribute to the development of
10,27,28 in CD4"

T lymphocytes associated with poor prognosis has also

tumor immune escape. A decrease
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Notes: In the decision curve analysis curve, the horizontal axis represents the threshold value, which is the reference probability of whether a patient receives treatment.
The vertical axis represents the net benefit rate after disadvantages are subtracted from the advantages. Under the same threshold probability, a larger net benefit implies
that patients can obtain the maximum benefit using the diagnosis model. A larger net benefit in the DCA graph corresponds to a higher value of the diagnosis model.

been observed in other malignancies.?*° A recent study
showed that the peripheral T cell receptor B chain (TCRB)
can be used to predict distant metastasis of NPC.’'
Furthermore, our results showed that high pretreatment
LDH levels were a risk factor for the development of
distant metastasis in NPC patients. Recently, as an inflam-
mation related serological marker, LDH has been identi-
fied as a prognostic factor in several malignancies,
including renal cell carcinoma, osteosarcoma, and lung
cancer.>”>* Several studies have shown that high LDH

levels are associated with poor prognosis in NPC patients
and are related to distant metastasis.'®'*>>3¢ Our study
further confirmed that serum LDH could serve as one of
the biomarkers for distant metastasis of NPC. Although
the prognostic value of LDH has been extensively studied,
the molecular mechanisms between LDH and distant
metastasis remain unknown. First, it is generally believed
to be associated with the glycolysis of cancer cells. There
are different metabolic programs in cancer cells and nor-
mal cells. During the process of generating energy, cancer
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Figure 5 Kaplan—Meier curves of DMFS according to low-risk or high-risk groups stratified by the nomogram in the training cohort (A) and validation cohort (B).

cells preferentially utilize the anaerobic pathway of glyco-
lysis despite the existence of oxygen, which is histologi-
cally known as the Warburg effect.>’” LDH catalyzes the
conversion of pyruvate to lactate under hypoxic conditions
and plays a key role in anaerobic glycolysis. With the
production of large amounts of lactate, the upregulation
of LDH levels ensures the efficiency of the activity.
Second, lactic acidosis has a strong immunosuppressive
effect and may mediate the occurrence of tumor immune
escape.’® Moreover, tumor tissues often exhibit marked
cellular damage, releasing more intracellular enzymes
(including LDH) than normal tissues.'®

SF is the main storage form of iron in the human body.
Iron is an essential trace element required for cell growth,
and dysregulated iron metabolism has been declared one
of the metabolic hallmarks of cancer cells.*® Iron metabo-
lism is thought to be involved in tumor progression and is
associated with poor prognosis in several malignancies
such as pancreatic, hepatocellular, and colorectal
cancer.**** Studies have shown that cancer cells employ
multiple mechanisms to increase the bioavailability of iron
to promote tumor growth.*> Excess iron decreases T and
B cell numbers and inhibits lymphocyte function as well
as macrophage and monocyte tumoricidal effects.®”***
Disturbance of immune function may lead to an increased
risk of distant metastasis in NPC patients. Our study found
a high risk of distant metastasis in patients with high SF
levels.

The TNM staging system is the decisive factor of

prognosis prediction and risk stratification for treatment

decisions in NPC, but its predictive ability for distant
metastasis is insufficient.”* The individual condition of
patients also affects the prognosis of tumors. Combining
multiple factors to predict the risk of distant metastasis
may be more valuable for the management of NPC
patients. As a predictive tool, nomograms have been
shown to provide higher predictive accuracy than con-
TNM 21,46
a molecular signature consisting of 13 genes and con-

ventional staging. Tang et al reported
structed a nomogram prediction model incorporating
gene expression profiles, N stage, gender, serum LDH,
and C-reactive protein (CRP), concluding that the nomo-
gram (C-index = 0.748) could well predict distant metas-
tasis of NPC.%

expression profiles is expensive and not widely available

However, the detection of gene
in the clinic. Additionally, a nomogram (C-index 0.737)
constructed by lymph node related features on MRI was
reported to predict distant metastasis in NPC patients.
But MRI parameters are complex to acquire and are
similarly not easy to apply clinically.** In our study,
the
T lymphocytes, LDH, SF and N stage showed good

nomogram constructed by combining CD4"
predictive performance in both the training cohort
(C-index = 0.763) and the validation cohort (C-index =
0.760). Moreover, circulating CD4" T lymphocytes,
serum LDH, and serum SF are readily detectable and
inexpensive in the clinic with high reproducibility.
There are several limitations to our study. First, the
study was a single center retrospective study and there was

inevitably a selection bias. Large prospective cohort
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studies are needed to validate the independent predictive
role of CD4" T lymphocytes in distant metastasis, and
more external cohort validation is needed for the utility
of the nomogram. With that said, a retrospective study is
still valuable as it has implications for some prospective
studies. Second, considering that there is a lack of uniform
criteria for the detection of EBV DNA in plasma, we did
not include EBV DNA in our study despite its important
influence on the prognosis of NPC.

Conclusion

In summary, our study showed that CD4" T lymphocytes,
LDH, SF and N stage were independent predictors of distant
metastasis in NPC. The nomogram based on CD4"
T lymphocytes and lactate dehydrogenase was effective in
predicting distant metastasis for NPC patients, which can be
used as a good supplement to the TNM staging system. Risk
stratified management may provide more prognostic infor-
mation and guide individualized treatment for NPC patients,
contributing to their prolonged survival.
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