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Purpose: To establish and verify a comprehensive prognostic nomogram for predicting survival outcomes and improving the
prognosis for non-metastatic nasopharyngeal carcinoma (NPC).

Patients and Methods: Our retrospective study screened 613 cases of non-metastatic NPC who received radiotherapy from July 2012 to
December 2016. A reliable nomogram was formulated for predicting overall survival (OS) and progression-free survival (PFS) using all
independent predictors selected by Cox regression analysis. A comparison is conducted between the current staging and the predictive
performance of the nomogram. Internal validation was performed in a single center using the validation cohort to assess predictive accuracy
and discrimination.

Results: High-density lipoprotein cholesterol, Epstein—Barr virus DNA and lactate dehydrogenase were determined to be valuable
predictive indicators for predicting OS and PFS. Triglycerides were a valuable predictive indicator for predicting OS. Calibration
curves demonstrated that the nomogram had remarkable correspondence between the prediction outcomes and the actual observations.
Receiver operating characteristic curves showed that the nomogram had greater area under the curve and more satisfactory
discrimination capability than the current TNM staging. Decision curve analysis revealed that the nomogram had high net clinical
benefits. Significant differences were observed when low- and high-risk groups were stratified via Kaplan—-Meier curves.
Conclusion: Our proposed nomogram combining lipid metabolic markers and lactate dehydrogenase could assist clinicians in the
accurate prognostic prediction of non-metastatic NPC patients and provide personalized treatment recommendations.
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Introduction
Nasopharyngeal carcinoma (NPC) is an insidious cancer of the head and neck, with the most frequent occurrence in East
and South Asia, commonly arising in the pharyngeal recess.' Worldwide, about 133,000 newly diagnosed cases of NPC
and 80,000 deaths occur annually from the latest statistical data in 2020.% Radiotherapy (RT) with or without chemor-
adiotherapy is the mainstay of treatment for NPC due to its radiosensitive and chemosensitive nature.® In recent years, the
rate of locoregional recurrence control has increased considerably since the incorporation of intensity-modulated radio-
therapy (IMRT) and chemotherapy.* However, despite receiving IMRT, the 5-year overall survival (OS) remains 80%-—
87%, with recurrence and distant failure occurring at an incidence of 5%—15% and 15%-30%, respectively.”’ Hence, the
treatment of NPC remains a massive challenge until now. The development of an effective tool for determining whether
patients are at high risk of mortality and progression is urgently needed.

At present, the prognosis prediction and clinical treatment strategy formulation are determined by the tumor—node—metastasis
(TNM) staging. Because the TNM staging solely describes the anatomical range of tumors, there may be diversity in survival
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outcomes among patients who have identical stages and receive similar treatment regimens. This phenomenon reveals that the
traditional TNM classification ignores other variables contributing to disease progression and prognostic ability still requires
enhancement. To improve the prediction of NPC patients, various hematological biomarkers have emerged as promising
prognostic factors, including inflammatory biomarkers, lipid metabolism markers and plasma Epstein—Barr virus (EBV) DNA.
Specifically, plasma EBV DNA is considered a particularly valuable biomarker in clinical practice, with high reliability in
predicting prognosis.® However, differences in equipment and reagents may influence plasma EBV DNA detection results.’
Therefore, it is highly desirable to explore other hematological biomarkers that are easy to detect and can withstand validation.

Recently, the concept of nasopharyngeal cancer ecology has been proposed, considering cancer as an ecological evolutionary
process. The growth of caner cells depends on substances in the tumor microenvironment (TME), both of which exchange
substances to achieve mutualism and co-evolve, while the progression of malignancy is regarded as ecological invasion.'” To
adapt to the new TME, the metabolism of cancer cells is reprogrammed to support malignant proliferation.'' In particular, lipid
metabolism contributes to the thriving of cancer cells, providing advantages for metastasis.'*> Accumulating evidence confirms
that lipid metabolism and inflammation are closely relevant to tumor survival, migration, invasion and metastasis.'> '® To date,
lipid metabolism markers, such as total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), apolipoprotein Al (Apo Al) and apolipoprotein B (Apo B), have been found to be
associated with prevalence and prognosis in many malignancies, including breast cancer, colorectal neoplasms, esophageal
squamous cell carcinoma, and non-small cell lung cancer.'”2° Some retrospective studies correlate levels of TG to the
progression of NPC.?'*? HDL-C has been illustrated as a potential prognostic indicator for NPC, with low levels associated
with a worse outcome.”® Additionally, many inflammatory biomarkers are proven to supply effective prediction guidance for
NPC patients, such as lactate dehydrogenase (LDH), platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR)
and lymphocyte-monocyte ratio (LMR).%*2° However, the connection between lipid metabolism markers and prognosis in NPC
patients has been investigated in few studies. Only one or two markers were examined without combining inflammatory
biomarker. Thus, in this study, we integrated lipid metabolism markers and inflammatory index to establish a nomogram with
more accurate prediction of survival events than current TNM staging systems for non-metastatic NPC.

Methods

Patients

Patients treated at Guangxi Medical University Cancer Hospital from July 2012 to December 2016 were reviewed in our
retrospective observational research. In order to explore early-, middle- and advanced-stage patients more comprehen-
sively, we selected patients with non-metastatic NPC as the study population. The eligibility criteria included (1)
histologically confirmed stage [-IVa NPC by the 8th edition TNM staging system; (2) adequate clinical information
and follow-up data; (3) no prior other malignancies; (4) receiving IMRT. Exclusion criteria included (1) taking lipid-
modulating medicine regularly before treatment; (2) receiving anticancer treatment in the past; (3) lack of serum lipid
data. Overall, we randomly assigned 613 patients who met the criteria to the training cohort (429 patients) and validation
cohort (184 patients) in a 7:3 ratio. The study was approved by the Ethics Committee of Guangxi Medical University
Cancer Hospital in China (IRB approval number: LW2023023) and complied with the Declaration of Helsinki. Informed
consent was waived for this study because of its retrospective nature. All patient data were anonymized.

Baseline Data Collection

Before initiation of treatment, we collected the baseline clinical information from the electronic medical records system,
including age, gender, height, weight, smoking status, TNM stage, and therapeutic regimen. The following laboratory data
were acquired within 2 weeks pre-treatment: plasma EBV DNA load, albumin (ALB), hemoglobin (HGB), inflammatory
biomarkers (LDH, PLR, NLR and LMR), lipid metabolism markers (TC, TG, HDL-C, LDL-C, Apo A1l and Apo B). PLR was
calculated as dividing the absolute platelet count by the absolute lymphocyte count. Dividing the absolute neutrophil count by the
absolute lymphocyte count to calculate NLR. The absolute lymphocyte count divided by the absolute monocyte count is LMR.
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Treatment

All eligible patients finished IMRT with a total dose of 70-74.6Gy/30-33 fractions to the primary gross tumor volume as
established radiotherapy schedule, while the cervical metastatic lymph node was given 60-72.6Gy/30-33 fractions, 5 times per
week. The high-risk clinical target volume and the low-risk clinical target volume were irradiated with 60-62.7Gy/30-33 fractions
and 52-56.1Gy/30-33 fractions, respectively. Treatment regimens of NPC patients were RT alone for stage I, RT alone or
concurrent chemoradiotherapy (CCRT) for stage I, and CCRT or induction chemotherapy (IC) + CCRT or CCRT + adjuvant
chemotherapy (AC) for stage III-IVA. Patients received 1-3 cycles of cisplatin as CCRT regimen every 21 days. Patients received
IC and AC regimens including GP regimen (1000 mg/m? of gemcitabine on days 1 and 8, 80 mg/m* of cisplatin on day 1), TPF
(60 mg/m?® of docetaxel on day 1, 60 mg/m? cisplatin on day 1, 3000 mg/m? of 5-fluorouracil on days 1-5), TP (75 mg/m? of
docetaxel on day 1,75 mg/m? of cisplatin on day 1), or PF (80 mg/m? of cisplatin on day 1, 750 mg/m? of 5-fluorouracil on days 1—
5) for 1-3 cycles every 21 days. Patients who could not tolerate cisplatin were given carboplatin, nedaplatin or loplatin.

Follow-Up and End Point

Patients returned to the outpatient department for reexamination every 3 months for the first 2 years, every 6 months for the
next 3 years, and once a year after 5 years after treatment. The contents of the reexamination included physical examination,
hematology examination, nasopharyngeal fiberscope, computerized tomography of the chest and abdomen, magnetic
resonance imaging of the head and neck, and bone emission computed tomography if necessary. Telephone follow-up was
used for patients who did not return as planned. The primary endpoint in our study was OS, which was calculated from the
time from diagnosis on to death or last follow-up. The secondary endpoint was progression-free survival (PFS), which was
calculated from the time from diagnosis to death, the occurrence of treatment failure or last follow-up.

Statistical Analysis

Differences between continuous variables were assessed using Mann—Whitney U-tests, while differences between categorical
variables were evaluated using chi-square tests. In the training cohort, continuous variables applied the function offered in the
R package “survminer” to obtain the optimal cut-off values, which were converted to categorical variables based on the calculated
cut-off values. Independent prognostic factors were acquired by multivariate Cox regression analysis (P < 0.05) based on those
factors that showed P < 0.05 in univariate analysis. The nomogram was formulated to predict survival events of patients based on
all included independent prognostic factors using R package “rms”. The actual OS and PFS were compared with the predicted OS

Table | Characteristics of All Eligible Study Population

Variables Overall Training Cohort Validation Cohort P-value
(n=613) (n = 429) (n=184)

Age (mean (SD)) 47.74 (10.55) 47.80 (10.53) 47.58 (10.61) 0.8108

Gender (%) 0.8179
Female 171 (27.90) 118 (27.51) 53 (28.80)
Male 442 (72.10) 311 (72.49) 131 (71.20)

Smoking (%) 0.5477
No 404 (65.91) 279 (65.03) 125 (67.93)
Yes 209 (34.09) 150 (34.97) 59 (32.07)

T stage (%) 0.3276
TI/T2 250 (40.78) 169 (39.39) 81 (44.02)
T3/T4 363 (59.22) 260 (60.61) 103 (55.98)

(Continued)
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Table | (Continued).

Variables Overall Training Cohort Validation Cohort P-value
(n=613) (n = 429) (n=184)

N stage (%) 0.9776

NO/NI 352 (57.42) 247 (57.58) 105 (57.07)

N2/N3 261 (42.58) 182 (42.42) 79 (42.93)
TNM stage (%) 0.1090

| 13 (2.12) 6 (1.40) 7 (3.80)

1l 140 (22.84) 92 (21.45) 48 (26.09)

] 258 (42.09) 189 (44.06) 69 (37.50)

IVa 202 (32.95) 142 (33.10) 60 (32.61)
EBV DNA (%) 0.7484

<7960 460 (75.04) 324 (75.52) 136 (73.91

>7960 153 (24.96) 105 (24.48) 48 (26.09)
Treatment (%) 0.2298

RT 66 (10.77) 39 (9.09) 27 (14.67)

CCRT 300 (48.94) 215 (50.12) 85 (46.20)

IC+CCRT 203 (33.12) 143 (33.33) 60 (32.61)

CCRT+AC 44 (7.18) 32 (7.46) 12 (6.52)
ALB (mean (SD)) 42.95 (3.81) 42.90 (3.97) 43.05 (3.42) 0.6578
BMI (median [IQR]) 22.32 [20.68, 24.46] 22.27 [20.57, 24.54] 22.49 [20.74, 24.40] 0.8635
HGB (median [IQR]) 140.00 [126.00, 149.00] | 139.00 [126.00, 149.00] | 140.00 [129.00, 148.00] | 0.9593
LDH (median [IQR]) 176.00 [153.00, 203.00] | 177.00 [153.00, 202.00] | 171.50 [153.75, 207.25] | 0.6977
TC (median [IQR]) 5.01 [4.38, 5.79] 5.00 [4.38, 5.74] 5.10 [4.39, 5.89] 0.3145
TG (median [IQR]) 1.25 [0.93, 1.90] 1.28 [0.93, 1.97] 1.20 [0.93, 1.74] 0.1912
HDL-C (median [IQR]) 1.26 [1.12, 1.44] 1.25 [1.10, 1.44] 1.27 [1.13, 1.45] 0.5415
LDL-C (median [IQR]) 3.27 [2.74, 3.93] 3.24 [2.75, 391] 3.345 [2.72, 3.99] 0.2748
Apo Al (median [IQR]) 1.24 [1.09, 1.42] 1.24 [1.10, 1.41] 1.25 [1.08, 1.45] 0.8862
Apo B (median [IQR]) 0.97 [0.82, 1.14] 0.97 [0.82, 1.13] 0.98 [0.81, 1.18] 0.6869
PLR (median [IQR]) 147.23 [117.02, 192.14] | 150.64 [117.02, 193.35] | 140.98 [117.06, 180.65] | 0.4168
NLR (median [IQR]) 2.20 [1.70, 3.01] 2.13 [1.70, 3.04] 2.25 [1.70, 2.99] 0.5441
LMR (median [IQR]) 4.15 [3.16, 5.28] 4.30 [3.26, 5.49] 4.06 [3.11, 5.20] 0.2885

Abbreviations: RT, radiotherapy; CCRT, concurrent chemoradiotherapy; IC, induction chemotherapy; AC, adjuvant chemotherapy; ALB,
albumin; BMI, body mass index; HGB, hemoglobin; LDH, lactate dehydrogenase; TC, total cholesterol; TG, triglycerides; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Apo Al, apolipoprotein Al; Apo B, apolipoprotein B; PLR, platelet-to-
lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte—monocyte ratio; IQR, interquartile range.
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and PFS to plot a calibration curve to evaluate the accuracy of the nomogram. The concordance index (C-index) and receiver
operating characteristic (ROC) curve were performed to compare the predictive ability of the 8th edition TNM staging and
nomogram. The clinical effectiveness of prediction model was estimated by decision curve analysis (DCA). In the training cohort,
the scores for each prognostic factor were summed to obtain the total risk scores for our model to determine the optimal cut-off
value via “survminer”, which was applied to classify all patients into two different risk groups. The Kaplan—Meier curves were

plotted for two groups by the nomogram stratification and differences in survival were compared using Log rank test. All related

Table 2 Summarization of Univariate Analysis for 613 Cases Non-Metastatic NPC

Variables oS PFS

HR (95% CI) P-value HR (95% CI) P-value

Age (years)

<6l Reference Reference

>61 2.15 (1.27-3.65) 0.004 1.55 (0.93-2.60) 0.095
Gender

Female Reference Reference

Male 1.64 (0.98-2.75) 0.060 1.32 (0.85-2.04) 0.215
Smoking

No Reference Reference

Yes 1.45 (0.96-2.20) 0.076 1.17 (0.81-1.71) 0.402
BMI (kg/m?)

<22.65 Reference Reference

>22.65 0.72 (0.48-1.1) 0.131 0.78 (0.53—-1.12) 0.180
T stage

TI/T2 Reference Reference

T3/T4 1.85 (1.17-2.93) 0.009 1.75 (1.17-2.63) 0.006
N stage

NO/NI Reference Reference

N2/N3 2.04 (1.35-3.09) 0.001 2.10 (1.45-3.04) <0.001

EBYV DNA (copies/mL)

<7960 Reference Reference
>7960 2.01 (1.31-3.06) 0.001 2.00 (1.37-2.93) <0.001

HGB (g/L)
<121 Reference Reference
>121 1.62 (0.84-3.13) 0.148 1.03 (0.62—1.70) 0916

ALB (g/L)
<38.6 Reference Reference
>38.6 0.59 (0.35-0.98) 0.040 0.68 (0.42—1.08) 0.102

(Continued)
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Table 2 (Continued).
Variables os PFS
HR (95% CI) P-value HR (95% CI) P-value
LDH (U/L)
<195 Reference Reference
>195 2.10 (1.39-3.18) <0.001 2.05 (1.42-2.97) <0.001
TC (mmol/L)
<5.17 Reference Reference
>5.17 0.66 (0.43—1.03) 0.065 0.69 (0.47-1.01) 0.057
TG (mmol/L)
<1.56 Reference Reference
>1.56 1.53 (1.02-2.31) 0.042 1.25 (0.86—1.81) 0.241
HDL-C (mmol/L)
<0.98 Reference Reference
>0.98 0.41 (0.25-0.69) 0.001 0.49 (0.30-0.79) 0.003
LDL-C (mmol/L)
<4.09 Reference Reference
>4.09 0.61 (0.32-1.14) 0.123 0.78 (0.47-1.31) 0.349
Apo Al (g/L)
<1.07 Reference Reference
>1.07 0.69 (0.43—1.11) 0.126 0.68 (0.44-1.03) 0.069
Apo B (g/L)
<I.18 Reference Reference
>1.18 0.68 (0.38-1.23) 0.204 0.89 (0.55-1.44) 0.632
PLR
<165.00 Reference Reference
>165.00 1.35 (0.90-2.04) 0.148 1.33 (0.92-1.91) 0.132
NLR
<2.85 Reference Reference
>2.85 1.81 (1.19-2.75) 0.005 1.64 (1.12-2.39) 0.011
LMR
<248 Reference Reference
>2.48 0.47 (0.28-0.79) 0.005 0.48 (0.30-0.78) 0.003
Abbreviations: BMI, body mass index; HGB, hemoglobin; ALB, albumin; LDH, lactate dehydrogenase; TC,
total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipo-
protein cholesterol; Apo Al, apolipoprotein Al; Apo B, apolipoprotein B; PLR, platelet-to-lymphocyte ratio;
NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-monocyte ratio.
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statistical analysis and model building were performed in R software (Version 4.1.2) and SPSS (version 25.0). Statistical
significance was considered by P < 0.05 for all results.

Results

Participant Characteristics

The clinical characteristics are described in Table 1 for all eligible non-metastatic NPC patients, without statistically
significant differences found between the training and validation cohorts (p = 0.1090-0.9776). Of the 613 patients, the
mean age at pathologically confirmed non-metastatic NPC diagnosis was 48 years (range 1678 years), 442 (72.10%)
were male, and 171 (27.90%) were female. Most patients were treated with CCRT (300 [48.94%]) or IC + CCRT (203
[33.12%]), while a few patients received RT alone (66 [10.77%]) or CCRT + AC (44 [7.18%]). The patients were
classified into the following categories based on the TNM staging: stage I were 13 (2.12%), stage II were 140 (22.84%),
stage III were 258 (42.09%), stage IVa were 202 (32.95%). The median follow-up time for the study population was 67
months (range 2—141 months). In the whole cohort, the 3- and 5-year OS rates were 88.6% and 81.9%, respectively,
while the 3- and 5-year PFS rates were 80.7% and 74.6%, respectively. In the training cohort, the 3- and 5-year OS rates
were 87.7% and 81.4%, respectively, while the 3- and 5-year PFS rates were 81.5% and 75.7%, respectively. In the
validation cohort, the 3- and 5-year OS rates were 90.6% and 83.0%, respectively, while the 3- and 5-year PFS rates were
79.0% and 72.2%, respectively. The median values of HGB, LDH, TC, TG, HDL-C, LDL-C, Apo Al, Apo B, PLR, NLR
and LMR were 140.00 g/L (interquartile range [IQR] 126.00-149.00 g/L), 176.00 g/L (IQR 153.00-203.00 g/L), 5.01
mmol/L (IQR 4.38-5.79 mmol/L), 1.25 mmol/L (IQR 0.93—-1.90 mmol/L), 1.26 mmol/L (IQR 1.12—1.44 mmol/L), 3.27
mmol/L (IQR 2.74-3.93 mmol/L), 1.24g/L (IQR 1.09-1.42 g/L), 0.97 g/L (IQR 0.82-1.14 g/L), 147.23 (IQR 117.02—
192.14), 2.20 (IQR 1.70-3.01) and 4.15 (IQR 3.16-5.28), respectively.

Table 3 Summarization of Multivariate Analysis for 613 Cases Non-Metastatic NPC

Variables oS PFS
HR (95% CI) P-value HR (95% CI) P-value

Age (years) Not selected NA

<6l Reference

>61 2.20 (1.25-3.85) 0.006
T stage

THT2 Reference Reference

T3/T4 1.82 (1.13-2.92) 0.013 1.60 (1.06-2.41) 0.026
N stage

NO/NI Reference Reference

N2/N3 1.54 (0.98-2.42) 0.062 1.74 (1.18-2.56) 0.005
EBYV DNA (copies/mL)

<7960 Reference Reference

>7960 1.89 (1.19-3.00) 0.007 1.80 (1.21-2.68) 0.004
ALB (g/L) Not selected NA

<386 Reference

>38.6 0.66 (0.38—1.13) 0.132

(Continued)
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Table 3 (Continued).

Variables oS PFS
HR (95% CI) P-value HR (95% CI) P-value

LDH (U/L)

<195 Reference Reference

>195 1.67 (1.08-2.59) 0.021 1.66 (1.13-2.44) 0.010
TG (mmol/L) Not selected NA

<|.56 Reference

>|.56 1.56 (1.00-2.43) 0.0496

HDL-C (mmol/L)

<0.98 Reference Reference

>0.98 0.42 (0.24-0.73) 0.002 0.43 (0.26-0.71) 0.001
NLR

<2.85 Reference Reference

>2.85 1.31 (0.82-2.08) 0.263 1.12 (0.73-1.72) 0.589
LMR

<£2.48 Reference Reference

>2.48 0.87 (0.48-1.60) 0.658 0.72 (0.42—-1.24) 0.235

Abbreviations: ALB, albumin; LDH, lactate dehydrogenase; TG, triglycerides; HDL-C, high-density lipoprotein
cholesterol; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-monocyte ratio.

Independent Risk Factors

The optimal cut-off values for age, BMI, EBV DNA, HGB, ALB, TC, TG, HDL-C, LDL-C, Apo Al, Apo B, LDH, PLR,
NLR and LMR determined by R package “survminer” were 61 years, 22.65 kg/m2, 7960 copies/mL, 121 g/L, 38.6 g/L,
5.17 mmol/L, 1.56 mmol/L, 0.98 mmol/L, 4.09 mmol/L, 1.07 g/L, 1.18 g/L, 195 U/L, 165.00, 2.85 and 2.48, respectively.
Univariate analysis demonstrated statistically significant risk factors with poorer OS in the training cohort including age

o 10 20 30 40 50 60 70 80 20 100 0 10 20 30 40 50 60 70 80 20 100
Points Points
>61
T4
Age - T stage
- M
T3M4
T stage N2/N3
TIM2 N stage
NO/N1
>7960
EBV DNA <=0.98
<=7060 HDL-C
>195 0.98
LOH <=195 i
EBV DNA
156 <=7960
TG —_—
<156 >195
<098 LDH Kow
HDL-C
0.98
Total Points
Total Points 0 50 100 150 200 250 300 350 400
0 50 100 150 200 250 300 350 400
Linear Predictor
Linear Predictor -1 -05 0 05 1 15 2 25
-15 -1 05 o 05 1 15 2 25
3-year OS probability 3-year PFS probability
- os or o6 05 0% o8 09 08 07 06 05 04 03 02
5-year OS probability 5-year PFS probability
09 08 07 06 05 04 03 0.2 09 08 07 06 05 04 03 02 01

Figure | OS nomogram (A), including age, T stage, EBV DNA, TG, HDL-C and LDH. PFS nomogram (B), including T stage, N stage, EBY DNA, HDL-C and LDH.
Abbreviations: TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDH, lactate dehydrogenase; OS, overall survival; PFS, progression-free survival.
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>61 years (P = 0.004), T stage = T3 or T4 (P = 0.009), N stage = N2 or N3 (P = 0.001), EBY DNA >7960 (P = 0.001),
ALB <38.6 (P = 0.040), LDH >195 (P < 0.001), TG >1.56 (P = 0.042), HDL-C <0.98 (P = 0.001), NLR >2.85 (P =
0.005) and LMR <2.48 (P = 0.005). Univariate analysis demonstrated statistically significant risk factors with worse PFS
in the training cohort including T stage = T3 or T4 (P = 0.006), N stage = N2 or N3 (P < 0.001), EBV DNA >7960 (P <
0.001), LDH >195 (P < 0.001), HDL-C <0.98 (P = 0.003), NLR >2.85 (P = 0.011) and LMR <2.48 (P = 0.003) (Table 2).
The multivariate analysis identified that independent predictors were related to OS with P < 0.05 based on univariate
analysis as follows: age, T stage, EBV DNA, LDH, TG and HDL-C. The multivariate analysis identified that independent
predictors were related to PFS with P < 0.05 based on univariate analysis as follows: T stage, N stage, LDH, EBV DNA
and HDL-C (Table 3).
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Figure 2 Calibration curves for predicting OS (A and B) and PFS (C and D) in the training and validation cohorts.
Abbreviations: OS, overall survival; PFS, progression-free survival.
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Nomogram Construction and Validation

As displayed in Figure 1, the nomogram was constructed for predicting OS and PFS at 3- and 5-year, including the
independent predictors selected in the multivariate analysis. OS nomogram indicated that age and HDL-C had a more
significant effect on OS, and PFS nomogram indicated that HDL-C had the most excellent effect on PFS. It can be seen
from the calibration curves of OS and PFS that the nomogram had remarkable correspondence between the prediction
outcomes and the actual observations in the two cohorts (Figure 2). According to the results presented in Table 4, the
C-indexes for our proposed nomogram to predict OS and PFS were over 0.650, which was considerably greater than the
8th TNM staging in the training and validation cohorts. Similarly, the ROC curves demonstrated that the nomogram had
greater AUC areas and more satisfactory discrimination capability than the current TNM staging, both in the training and
validation cohorts (Figure 3). Furthermore, the DCA curves revealed that the nomogram had a broader range of threshold
probabilities to predict OS and PFS compared with TNM staging, resulting in higher net clinical benefits (Figure 4).

Nomograms for Risk Stratification

206 and 125 were the respective cut-off values for OS and PFS nomograms, obtained from the total scores for the
constructed nomogram. For estimating the risk stratification capability of nomogram, all patients were classified as a low-
(total scores of OS: <206; total scores of PFS: <125) and high-risk group (total scores of OS: >206; total scores of PFS:
>125). As clearly seen in the Kaplan—Meier curves (Figure 5), patients with low risk revealed better-predicted outcomes
than those with high risk in the training cohort. Different risk groups showed considerable differences (all P < 0.05),
which was also verified in the validation cohort.

Discussion

From what we know, this is the first research to characterize the establishment and verification of a nomogram incorporating
lipid metabolism markers and inflammatory biomarker to predict OS and PFS for non-metastatic NPC. Our nomogram
demonstrated superior predictive power over the 8th edition TNM staging, which would help clinicians determine whether
patients are at high risk for poorer prognosis and develop individualized therapeutic regimens.

Currently, the 8th edition TNM staging is the most extensively acknowledged gold standard to predict prognosis and
guide decision-making on treatment in clinical practice. However, there is still a significant difference in the prognosis
among patients with identical staging, even after receiving comparable therapy.?” The comprehensive prediction
capability of the TNM staging system is insufficient without considering the importance of other risk factors, resulting
in this phenomenon. Thus, we explore a reliable tool to complement the TNM staging that accurately recognizes the
potential patients at high risk of needing intensive treatment to obtain more clinical benefits.

Hematologic markers are economical and easy to detect to act as potential prognostic variables for NPC. Previous research
shows that plasma EBV DNA plays a well-defined role in predicting and monitoring the possibility of recurrence, metastasis and

Table 4 C-Indexes of Nomogram Compared with TNM Staging

Variables Training Cohort Validation Cohort
C-Index (95% CI) C-Index (95% CI)

oS

Nomogram 0.687 (0.630-0.744) 0.717 (0.630-0.804)

TNM stage 0.570 (0.534-0.606) 0.614 (0.556-0.672)

PFS

Nomogram 0.670 (0.621-0.719) 0.651 (0.574-0.728)

TNM stage 0.570 (0.538-0.602) 0.572 (0.515-0.629)

Abbreviations: OS, overall survival; PFS, progression-free survival.
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Figure 3 ROC curves to predict OS (A and B) and PFS (C and D) at 5 years to compare with TNM staging.

death during the whole treatment period of NPC.***?° It can reflect tumor load and serve as a biomarker to complement TNM
staging and improve the prognosis of patients.*>>' Similarly, our results supported the favorable effect of plasma EBV DNA in
prediction. In addition, our study combined indicators reflecting lipid metabolism and inflammation status of patients in the same
prognostic model. A large amount of evidence has shown that tumors satisfy the need to grow rapidly and progress aggressively
by regulating lipid metabolism during development.'*>*? TG, as one of the energy sources for tumor cells, enhances tumor cell
proliferation and growth under hypoxic and hypoperfusion environment, as well as exerts protective effects.>>** There is a close
correlation between a poor prognosis and high TG levels in malignancies including breast cancer, prostate cancer and non-small
cell lung cancer.?**>*¢ Increased TG was observed to be beneficial for adverse prognostic outcome occurrences in NPC patients

by Peng et al.*'
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Figure 4 Decision curve analysis of 5 years OS (A and B) and PFS (C and D) in the training and validation cohorts.

Observations to date have proven that systemic inflammation is involved in the occurrence and development of
malignancies.'® As is well known, several properties of HDL have been discovered to be anti-inflammatory, anti-oxidative
and anti-atherosclerotic.”” Under the stimulation of inflammatory environment, HDL is responsible for inhibiting inflammation-
driven tumor angiogenesis by exerting its anti-inflammatory properties.*® Meanwhile, HDL participates in regulating the

10 illustrated

cholesterol efflux mechanism to maintain the balance of cholesterol that contributes to its anti-tumor role.” Li et a
that high HDL-C levels were significantly correlated with improved OS for NPC patients. As shown in the study by Wang et al,*
HDL-C was a reliable prognostic indicator for risk stratification of NPC. Our findings demonstrated that TG and HDL-C were
independent predictors for NPC after treatment with IMRT, which is consistent with previous studies. A number of inflammatory
biomarkers were examined considering the importance of inflammation in tumor development, including LDH, PLR, NLR and
LMR. LDH was the only independent risk prognostic factor identified by multivariate analysis. Wan et al** analyzed that LDH
was an adverse prognostic indicator for NPC reflecting inflammatory status. LDH is a key enzyme for maintaining cancer cell
survival in a hypoxic environment by facilitating the conversion of pyruvate to lactate.*'

Recently, molecular markers such as long noncoding RNA*? and microRNAs* have been confirmed to be
significant in predicting the prognosis of NPC. However, molecular markers were not included in the nomogram
because they were expensive and not routinely tested in our hospital. In contrast, three advantages can be found in the
predictive model we established: first, lipid metabolism markers are more economical, objective, and easily measurable
compared to plasma EBV DNA detection, and they are a common test for hospital admission. Second, the predictive

and integration capabilities of nomogram are superior to traditional TNM staging, allowing for more accurate risk
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Figure 5 Kaplan—Meier plots for two different risk groups according to OS (A and B) and PFS (C and D) nomogram in the training and validation cohorts.

stratification and intensive therapies. Third, all of the prognostic factors contained in the nomogram are readily
available, enabling them to be widely used even in primary medical institutions, providing practical assistance to
clinicians in their medical work.

To be honest, our study has some limitations that cannot be neglected. First, the sample size of our study needs to be
larger, and it is only sourced from areas where NPC is endemic, which may not be applicable for generalizing to other
non-endemic areas. Second, the data for all patients are from the same hospital, and there needs to be more data from
multiple centers to perform external validation of our results. Third, no authoritative, unified standards for the detection
of plasma EVB DNA have been published.
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Conclusion
In summary, our proposed nomogram containing TG, HDL-C and LDH was established and verified for predicting OS

and PFS in non-metastatic NPC patients. Compared to the TNM staging, our nomogram can determine whether patients

are at high risk for poorer prognosis accurately and early, which provides a strong foundation for clinicians to select

appropriate intensive treatment. The combination of lipid metabolic markers and inflammatory index in nomogram is

economical, objective, and easily measurable, facilitating its widespread use in clinical practice.
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