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Purpose: This study aimed to assess the prognostic and predictive value of a circulating hematological signature (CHS) and to 
develop a CHS-based nomogram for predicting prognosis and guiding individualized chemotherapy in non-metastatic nasopharyngeal 
carcinoma (NPC) patients.
Patients and Methods: NPC patients were recruited between January 2014 and December 2017 at the Jiangxi Cancer Hospital. The 
CHS was constructed based on a series of hematological indicators. The nomogram was developed by CHS and clinical factors.
Results: A total of 779 patients were included. Three biomarkers were selected by least absolute shrinkage and selection operator 
regression, including prognostic nutritional index, albumin-to-fibrinogen ratio, and prealbumin-to-fibrinogen ratio, were used to 
construct the CHS. The patients in the low-CHS group had better 5-year DMFS and OS than those in the high-CHS group in the 
training (DMFS: 85.0% vs 56.6%, p<0.001; OS: 90.3% vs 65.4%, p<0.001) and validation cohorts (DMFS: 92.3% vs 43.6%, p<0.001; 
OS: 92.1% vs 65.5%, p<0.001). The nomogram_CHS showed better performance than clinical stage in predicting distant metastasis 
(concordance index: 0.728 vs 0.646). In the low-TRS (total risk scores) group, the patients received RT alone, CCRT and IC plus 
CCRT had similar 5-year DMFS and OS (p>0.05). In the middle-TRS group, the patients received RT alone had worse 5-year DMFS 
(58.7% vs 80.8% vs 90.8%, p=0.002) and OS (75.0% vs 94.1% vs 95.0%, p=0.001) than those received CCRT or IC plus CCRT. In the 
high-TRS group, the patients received RT alone and CCRT had worse 5-year DMFS (18.6% vs 31.3% vs 81.5%, p<0.001) and OS 
(26.9% vs 53.2% vs 88.8%, p<0.001) than those received IC plus CCRT.
Conclusion: The developed nomogram_CHS had satisfactory prognostic accuracy in NPC patients and may individualize risk 
estimation to facilitate the identification of suitable IC candidates.
Keywords: nasopharyngeal carcinoma, circulating hematological signature, induction chemotherapy, distant metastasis-free survival, 
overall survival

Introduction
Nasopharyngeal carcinoma (NPC) is a malignant tumor derived from the nasopharyngeal mucosal epithelium, and there 
is an unbalanced ethnic and geographic distribution of NPC cases, with the highest incidence in South China and 
Southeast Asia.1 NPC cells are highly sensitive to irradiation, and accordingly, radiotherapy (RT) has become the 
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mainstay treatment modality for non-metastatic NPC.2 With the combination of RT and chemotherapy, non-metastatic 
NPC has become a highly curable disease, with a 5-year overall survival (OS) rate of as high as 80%.1,2 Despite 
improvements in RT technology and the addition of chemotherapy, approximately 20–30% of patients experience distant 
metastases (DM), the leading cause of treatment failure.3

Currently, therapeutic strategies for NPC are mainly based on the 8th edition American Joint Committee on Cancer/ 
Union for International Cancer Control Tumor, Node, Metastasis (TNM-8) staging system. Although the clinical stage 
identified by the TNM-8 staging system is currently the most widely used indicator for assessing the DM risk of NPC, 
patients with the same stage still have significant heterogeneity in DM and death risk.4 Thus, it is critical to identify reliable 
prognostic factors to complement the TNM-8 staging system and predict DM and death risk in patients with NPC.

Researchers have explored various strategies and methods to assess DM risk, including radiomics,5 proteomics,5,6 and 
genomics.7 Although these methods are effective in predicting DM risk, their promotion and application are limited by 
their high complexity and cost. For example, Epstein-Barr virus (EBV) DNA is a widely used NPC prognostic marker.8 

However, the detection of EBV DNA is not satisfactory for each laboratory, and there is no consensus on the sample 
type, sample preparation protocol, or assay unit.

In recent years, with the deepening of research, people have found that the three systems of coagulation-malnutrition- 
inflammation are independent of each other and have complex interactions, and their dysfunction may lead to the 
occurrence of tumor. The chronic inflammatory response in the tumor microenvironment has a variety of functions to 
promote NPC occurrence and development, including promoting the proliferation of malignant cells, promoting 
angiogenesis and metastasis, destroying adaptive immune response, and reducing the sensitivity of radiotherapy and 
chemotherapy in NPC.9 In addition, chronic inflammation will lead to malnutrition, which will make patients unable to 
tolerate anti-tumor treatment, and will weaken the body’s repair ability, thereby aggravating chronic inflammation.10 

Chronic inflammation can directly and/or indirectly promote the up-regulation of tissue factor expression in monocytes/ 
macrophages and vascular endothelial cells, thus initiating the clotting process and causing thrombosis. Serine protei
nases during clotting also promote inflammation. Therefore, when the body is attacked by EBV, inflammation, 
malnutrition and coagulation have a positive feedback effect on each other.11

Notably, a number of recent studies have demonstrated that hematological biomarkers, such as the prognostic 
nutritional index (PNI),12,13 albumin,14 and fibrinogen,15,16 are independent prognostic biomarkers. Several nomograms 
have been established to guide the stratified treatment of patients.17–28 However, most of these previous studies had some 
shortcomings, such as (1) including some unconventional biomarkers,19–26 (2) not considering hematological and clinical 
measures when constructing the nomogram,17,18 and (3) not integrating these measures to construct a composite signature 
to guide the clinical decision-making process.17–26

Therefore, this study aimed to evaluate the prognostic and predictive value of a circulating hematological signature 
(CHS), which was constructed using a panel of indicators of inflammation, nutrition, and coagulation biomarkers. The 
CHS was then utilized to develop a potential prognostic model for predicting distant metastasis-free survival (DMFS) 
and OS in patients with non-metastatic NPC to guide individualized treatment.

Materials and Methods
Study Participants
This prognostic study followed the Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis 
or Diagnosis (TRIPOD) report guideline. This retrospective study included patients with histologically confirmed NPC 
between January 2014 and December 2017. Those with the following conditions were excluded: (a) not receiving 
intensity-modulated radiotherapy (IMRT) combined with or without chemotherapy, (b) systemic metastasis at the time of 
diagnosis or the presence of other malignancies, (c) a history of cancer treatment, or (d) without complete baseline 
clinical information and laboratory data. The flow diagram of the study design is shown in Figure 1. Patients were 
included in the training cohort (January 2014 to December 2016) and validation cohort (January 2017 to December 2017) 
by year of diagnosis. Each patient was re-staged according to the TNM-8. This retrospective cohort study was conducted 
in accordance with the Declaration of Helsinki. We obtained approval from the Institutional Ethics Committee of Jiangxi 
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Cancer Hospital. Informed consent was waived due to this study’s retrospective nature and the anonymized processing of 
patient data (2023ky102).

Data Collection and Processing
This study collected general information (age, sex, smoking history, and Karnofsky Performance Status) and data on 
hematologic parameters (plasma EBV DNA, blood biochemistry, routine blood test, and coagulation test). Data on 
neutrophil count, lymphocyte count, monocyte count, and platelet count; hemoglobin, creatinine, uric acid, urea nitrogen, 
lactate dehydrogenase, aspartate aminotransferase, alanine aminotransferase, albumin, pre-albumin, fibrinogen, and 
lactate dehydrogenase levels; and activated partial thromboplastin time, prothrombin time, thrombin time, and interna
tional normalized ratio were collected in this study and constructed hematological composite indicators based on them. 
The calculation formulas are presented in Supplement.

Treatment
All the patients received platinum-based chemotherapy at an interval of 21 days. Common induction chemother
apy (IC) regimens included docetaxel-cisplatin-fluorouracil, docetaxel-cisplatin, cisplatin-fluorouracil, and gemci
tabine-cisplatin. Concurrent chemotherapy consisted of 2–3 cycles of cisplatin (80 or 100 mg/m2) during RT. The 

Figure 1 Flow diagram of study design.
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RT technique used was IMRT. Detailed descriptions of IMRT plans and dose prescriptions have been published 
previously.29

Follow-Up
After treatment completion, the patients were followed-up every 3 months during the first 2 years and every 6 months 
thereafter. The follow-up duration was defined as the date of treatment initiation until the last contact or death. Post- 
treatment surveillance at each follow-up appointment included comprehensive physical examination, plasma EBV DNA 
load evaluation, nasopharyngoscopy, and imaging assessment, similar to pretreatment examinations. Patients were 
followed-up via telephone if their recent examination records were not available. The primary endpoint was DMFS, 
the time from diagnosis to the date of DM or the date of the last follow-up. The second endpoint was OS, the time from 
diagnosis to date of death or last follow-up.

Construction of a CHS Prognostic Nomogram of DMFS
The least absolute shrinkage and selection operator (LASSO) Cox regression30 provided in the R package “glmnet” 
was applied to select the most useful prognostic markers among the 38 considered hematological biomarkers in the 
training cohort, and the selected prognostic markers and their respective LASSO regression coefficients were further 
used to construct the CHS. Patients were divided into high-, middle-, and low-CHS groups based on the best X-tile 
cutoff.31 The prognostic values of CHS and other clinical factors were analyzed using multivariate analysis (MVA) 
with a backward step. Based on the independent prognostic factors, a nomogram was constructed (nomogram_CHS). 
The performance of nomogram_CHS was assessed based on discrimination, calibration, and clinical usefulness The 
total risk score (TRS) was calculated according to the nomogram, and the patients were divided into low-, middle- and 
high-TRS DM groups.

Statistical Analysis
The best cutoff values for hematological indices were calculated using X-tile (Version 3.6.1; Yale University, New 
Haven, CT, USA), and continuous variables were divided into two subgroups based on the best cutoff value. To 
compare the differences in categorical variables between the training and validation cohorts, the χ2 test or Fisher exact 
test was used. DMFS and OS were analyzed using the Kaplan–Meier method, and differences were examined using the 
Log rank test. Discrimination was measured using the concordance index (C-index), calibration was assessed using the 
calibration curve, and clinical usefulness was evaluated using decision curve analysis. A bootstrap resampling method 
with 1000 repetitions was applied for internal validation. All statistical analyses were performed using SPSS 26 
(version 26.0; IBM Corporation, Armonk, NY, USA) and R software 4.13 (R Foundation for Statistical Computing, 
Vienna, Austria) using RMS, GGPlot, survivalROC, and GlMNet packets. A two-tailed p value of <0.05 was 
considered statistically significant.

Results
Participant Characteristics
A total of 575 patients in the training cohort and 204 in the validation cohort were included in our analyses. In total, 169 
(21.6%), 343 (44.0%), and 213 (27.3%) patients received RT alone, CCRT, and IC plus CCRT, respectively. Among the 
patients who received IC plus CCRT, IC regimens included taxol-platinum (n=176), platinum-5-fluorouracil (n=25), and 
gemcitabine-platinum (n=12). Patient characteristics of the training and validation cohorts are shown in Table 1. 
Circulating hematological biomarkers are shown in Table S1. Except for chemotherapy (yes/no), there was no difference 
between the training and validation cohorts. The median follow-up times were 75.6 months (range: 2.2–101.2) and 61.9 
months (range: 17.0–68.6) in the training and validation cohorts, respectively. Overall, 169 (21.6%) patients died from 
various causes, and 151 (19.3%) patients experienced DM. The 5-year DMFS and OS were 76.6% and 83.0% in the 
training cohort, and 77.9% and 84.2% in the validation cohort.
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Construction of the CHS
The best cutoff of hematological biomarkers determined by X-tile is presented in Table S1. The 38 bio-markers were reduced to 
three prognostic markers using LASSO Cox regression (Figure 2A and B). CHS was constructed according to the coefficients of 
three prognostic biomarkers, including prognostic nutritional index (PNI), albumin-to-fibrinogen ratio (AFR) and prealbumin-to- 
fibrinogen ratio (PAFR) (CHS =−0.1814831× PNI - 0.3667708 × AFR - 0.1389865 × PAFR). Each variable was valued as 0 or 1; 
when the variable was less than the cutoff value, a value of 0 was assigned, and otherwise, a value of 1 was assigned. Patients 
were divided into high and low CHS groups based on the best cutoff values determined by X-tile. Kaplan–Meier analyses 
showed that the patients in the high-CHS group had worse 5-year DMFS than those in the low-CHS group in the training and 
validation cohorts (training cohort: 56.6% vs 85.0%, p<0.001; validation cohort: 43.6% vs 92.3%, p<0.001) (Figure 2C and D), 
as well as 5-year OS (training cohort: 65.4% vs 90.3%, p<0.001; validation cohort: 65.5% vs 92.1%, p<0.001) (Figure 2E and F).

Table 1 Baseline Characteristics in the Training and Validation Cohort

Characteristic Whole Cohort  
(N=779)

Training Cohort  
(n=575)

Validation Cohort  
(n=204)

P-value

Age 0.687

<60 513 381 132

≥60 266 194 72
Sex 0.531

Male 231 167 64

Female 548 408 140
Smoking 0.168

No 457 329 128
Yes 322 246 76

KPS 0.347

<90 217 155 62
≥90 562 420 142

Clinical stage 0.219

I 12 8 4
II 105 86 19

III 330 238 92

IV 332 243 89
Tumor classification 0.925

T1 61 45 16

T2 120 91 29
T3 334 243 91

T4 264 196 68

Node classification 0.354
NO 109 76 33

N1 299 231 68

N2 263 190 73
N3 108 78 30

EBV DNA (copies/mL) 0.391

≤0 446 324 122
>0 333 251 82

Chemotherapy 0.012

Yes 610 448 162
No 169 127 42

Abbreviations: KPS, Karnofsky performance status; EBV DNA, Epstein-Barr virus deoxyribonucleic acid.
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Figure 2 CHS selection using LASSO Cox regression (A). Tuning parameter lambda plus one standard error ((λ+SE) selection in the LASSO Cox regression via minimum 
criteria (B). Kaplan–Meier curves for DMFS stratified by the CHS values in the training cohort (C) and validation cohort (D). Kaplan–Meier curves for OS stratified by CHS 
in the training cohort (E) and validation cohort (F).
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Table 2 Multivariate Analysis of DMFS and OS in the Training and Validation Cohort

Variable Training Cohort P-value Validation Cohort P-value
HR (95% CI) HR (95% CI)

Distant metastasis-free survival

Age
≤60 Reference – Reference –

>60 0.996 (0.681–1.457) 0.983 0.692 (0.362–1.325) 0.267

Sex
Female Reference – Reference –

Male 1.184 (0.787–1.780) 0.417 1.188 (0.620–2.273) 0.604

Smoking history
No Reference – Reference –

Yes 0.829 (0.585–1.173) 0.289 0.766 (0.384–1.531) 0.451

KPS
70–80 Reference – Reference –

90–100 0.788 (0.548–1.132) 0.197 0.798 (0.402–1.581) 0.517

EBV DNA
No Reference – Reference –

Yes 1.562 (1.099–2.221) 0.013 2.691 (1.293–5.602) 0.008

Tumor classification
T1 Reference – Reference –

T2 1.274 (0.540–3.006) 0.581 1.097 (0.198–6.097) 0.915

T3 1.131 (0.532–2.403) 0.749 1.209 (0.344–4.244) 0.767
T4 1.455 (0.684–3.096) 0.330 1.863 (0.528–6.579) 0.334

Node classification
NO Reference – Reference –
N1 1.137 (0.566–2.285) 0.718 7.524 (0.958–59.084) 0.055

N2 2.161 (1.107–4.217) 0.024 4.342 (0.570–33.097) 0.157
N3 4.199 (2.060–8.558) <0.001 8.914 (1.144–69.464) 0.037

Chemotherapy
No Reference – Reference –
Yes 0.656 (0.440–0.978) 0.038 0.608 (0.275–1.347) 0.220

CHS
≤-0.37 Reference – Reference –
>-0.37 2.747 (1.948–3.874) <0.001 7.88 (3.708–16.745) <0.001

Overall survival

Age
≤60 Reference – –

>60 1.195 (0.822–1.738) 0.351 0.745 (0.374–1.483) 0.402

Sex
Female Reference – Reference –
Male 1.123 (0.771–1.634) 0.546 1.082 (0.469–2.497) 0.853

Smoking history
No Reference – Reference –
Yes 0.891 (0.602–1.319) 0.565 1.136 (0.574–2.251) 0.714

KPS
70–80 Reference – Reference –
90–100 0.903 (0.617–1.321) 0.599 0.894 (0.441–1.810) 0.755

EBV DNA
No Reference – Reference –
Yes 1.480 (1.033–2.120) 0.033 2.248 (1.041–4.851) 0.039

(Continued)
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Construction of Signature-Based Nomogram
MVA showed that in the training cohort, CHS, N classification, chemotherapy (yes/no) and EBV DNA were 
independent prognostic factors for DMFS (Table 2). To better evaluate the outcome of patients, nomogram_CHS 
was constructed based on the residual indicators after MVA (Figure 3A). The TRS of each patient was calculated 
from the nomogram_CHS, and patients were divided into high-, middle-, and low-TRS groups based on the best 
cutoff value (Table S1). Kaplan–Meier analysis showed that in the training cohort the patients in the low-TRS 
group had better 5-year DMFS than those in the middle- (88.7% vs 61.9%, p<0.001) or high-TRS (88.7% vs 
38.5%, p<0.001) groups, as well as validation cohort (89.6% vs 67.0%, p<0.001; 89.6% vs 39.2%, p<0.001) 
(Figure 3B and C). Similar results were observed for the OS in the training cohort (92.4% vs 76.0%, p<0.001; 
92.4% vs 47.0%, p<0.001), and validation cohort (91.0% vs 78.1%, p<0.001; 91.0% vs 61.6%, p<0.001) 
(Figure 3D and E).

Evaluation of the Prognostic Performance of the Nomogram
Furthermore, in order to better display the differentiation of nomogram_CHS, we constructed nomogram_nonCHS 
which includes Node classification, chemotherapy (yes/no), and EBV DNA. In the training cohort, the 
nomogram_CHS had higher C-index than nomogram_nonCHS, CHS and clinical stage for DMFS (0.728 vs 0.674 
vs 0.645 vs 0.646) and OS (0.736 vs 0.686 vs 0.646 vs 0.668). In the validation cohort, nomogram_CHS had higher 
C-index than nomogram_nonCHS, CHS and clinical stage for DMFS (0.839 vs 0.746 vs 0.752 vs 0.616) and OS 
(0.818 vs 0.753 vs 0.710 vs 0.619) (Table S2). In the training cohort, nomogram_CHS had higher areas under the 
receiver operating characteristic curve (AUC) than nomogram_nonCHS, CHS and clinical stage for 5-year DMFS 
(0.779 vs 0.703 vs 0.688 vs 0.671) and OS (0.853 vs 0.773 vs 0.746 vs 0.637) (Figure S1A and B). In the validation 
cohort, nomogram_CHS had higher AUC than nomogram_nonCHS, CHS and clinical stage for 5-year DMFS (0.818 
vs 0.755 vs 0.688 vs 0.686) and OS (0.862 vs 0.835 vs 0.737 vs 0.625) (Figure S1C and D). In the training and 
validation cohorts, the bootstrap resampling method with 1000 repetitions also indicated that the discriminability of 
the nomogram_CHS was better than the nomogram_nonCHS, clinical stage and CHS, regardless of the time change 
for DMFS (Figure S1E and F) and OS (Figure S1G and H). The calibration curves plotted at the 3- and 5-year time 
points showed good consistency between the predicted DMFS of the nomogram and observed DMFS in both the 

Table 2 (Continued). 

Variable Training Cohort P-value Validation Cohort P-value
HR (95% CI) HR (95% CI)

Tumor classification
T1 Reference – Reference –

T2 1.351 (0.577–3.165) 0.488 0.857 (0.154–4.772) 0.860

T3 1.278 (0.601–2.718) 0.523 1.252 (0.326–4.812) 0.744
T4 1.995 (0.944–4.218) 0.071 2.228 (0.578–8.589) 0.245

Node classification
NO Reference – Reference –
N1 1.139 (0.564–2.301) 0.716 10.983 (1.317–91.576) 0.027

N2 2.160 (1.095–4.261) 0.026 8.018 (0.921–69.838) 0.059

N3 4.400 (2.137–9.060) <0.001 11.417 (1.287–101.319) 0.029
Chemotherapy

No Reference – Reference –

Yes 0.598 (0.398–0.897) 0.013 0.416 (0.181–0.956) 0.039
CHS

≤-0.37 Reference – Reference –

>-0.37 2.651 (1.860–3.778) <0.001 6.878 (3.070–15.407) <0.001

Abbreviations: KPS, Karnofsky performance status; EBV DNA, Epstein-Barr virus deoxyribonucleic acid; CHS, circulating 
hematological signature.
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Figure 3 CHS based nomogram for estimating the 1-, 3- and 5-year DMFS in NPC Patients (A). Kaplan–Meier curves for DMFS stratified by the TRS of nomogram values in 
the training cohort (B) and validation cohort (C). Kaplan–Meier curves for OS stratified by TRS in the training cohort (D) and validation cohort (E).
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training and validation cohorts (Figure S2A and B). In the decision curve analysis, the nomogram_CHS had a higher 
5-year DMFS net clinical benefit than the nomogram_nonCHS, clinical stage and CHS across a wider range of 
threshold probabilities for predicting outcomes in the training and validation cohorts (Figure S3A and B), as well as 
OS (Figure S3C and D).

The Value of Chemotherapy in Different Risk Groups Based on Nomogram
We further evaluated the value of the nomogram for chemotherapy guidance. When the patients were divided into 
training and validation cohorts for analysis, the number of patients in the low-, middle- and high-TRS groups was small 
in the validation cohort. Therefore, we combined the training and validation cohorts for the subsequent analysis. In the 
low-TRS group, the patients received RT alone, CCRT and IC plus CCRT have similar 5-year DMFS (94.7% vs 90.7% vs 
91.8%, p=0.399) and OS (95.6% vs 95.7% vs 93.9%, p=0.636) (Figure 4A and B). In the middle-TRS group, the patients 
received RT alone have worse 5-year DMFS and OS than those received CCRT (DMFS: 58.7% vs 80.8%, p=0.046; OS: 
75.0% vs 94.1%, p=0.007) or IC plus CCRT (DMFS: 58.7% vs 90.8%, p=0.001; OS: 75.0% vs 95.0%, p=0.004) 
(Figure 4C and D). In the high-TRS group, the patients received IC+CCRT had better 5-year DMFS and OS than those 
received RT alone (DMFS: 81.5% vs 18.6%, p<0.001; OS: 88.8% vs 26.9%, p<0.001) and CCRT (DMFS: 81.5% vs 
31.3%, p<0.001; OS: 88.8% vs 53.2%, p<0.001)(Figure 4E and F).

Considering chemotherapy failed to improve the prognosis of NPC patients in the low-TRS group, a further subgroup 
analysis was conducted to investigate whether stage III–IV patients could benefit from chemotherapy. The stage I–II and 
stage III–IV NPC patients received IC plus CCRT or CCRT has no 5-year DMFS benefit compared to those received RT 
alone (stage I–II: 100.0% vs 90.2% vs 97.8%, p=0.194; stage III–IV: 91.1% vs 90.8% vs 91.7%, p=0.939) (Figure 5A 
and B). The stage I–II and stage III–IV NPC patients received IC plus CCRT or CCRT has no 5-year OS benefit 
compared to those received RT alone (stage I–II: 100.0% vs 100.0% vs 97.8%, p=0.214; stage III–IV: 93.4% vs 94.6% vs 
93.3%, p=0.936) (Figure 5C and D).

Discussion
Despite improvements in RT technology and equipment, DM still occur in about 20–30% of patients and are the leading 
cause of treatment failure.1,2 Accurate estimation of DMFS is crucial for decision-making when designing treatment 
strategies for patients. This study found that a signature based on a series of circulating hematological biomarkers could 
effectively distinguish the DMFS and OS of NPC patients in the training and validation cohorts. The nomogram_CHS 
was based on CHS and clinical characteristics could better predict DMFS and OS than the CHS and clinical stage. More 
importantly, our study found that IC could potentially improve the DMFS and OS of middle and high-TRS patients but 
not low-TRS patients, based on the nomogram_CHS score.

The current study found that CHS could effectively distinguish between the risk of DM and death, and three 
hematological indicators (PNI, AFR and PAFR) remained after LASSO regression. As a simple and feasible nutritional 
test, PNI can be used as an indicator of individual nutritional status to a certain extent. It is widely used to predict the 
prognosis of various malignant tumors, as well as NPC.12,13 A large number of studies have shown that fibrinogen 
increases tumor angiogenesis by promoting tumor progression and DM.15,16 Additionally, it is well known that proteins 
are mainly synthesized in the liver; hypoalbuminemia occurs when there are insufficient raw materials (amino acids 
absorbed by the digestive tract) or the ability to synthesize proteins is reduced due to abnormal liver function, indicating 
that the level of albumin in plasma can be used to assess nutritional status and liver function. The AFR and PAFR, which 
considers both albumin, prealbumin and fibrinogen, are better indexes to assess prognosis. Indeed, many studies have 
confirmed that AFR and PAFR is related to tumor prognosis.32–36 Notably, our study found that AFR and were important 
prognostic biomarker because them had a higher LASSO coefficient than other hematological biomarkers. Furthermore, 
we found that the AUCs of CHS were higher than those of PNI, AFR and PAFR, suggesting that compared with one or 
fewer markers, the signature of multiple markers in a single model substantially improves the prognostic value. In fact, 
a few composite hematological indexes have been proposed in some studies; for example, Chen et al26 and Zhou et al28 

used high-density lipoprotein cholesterol, apolipoprotein A-1, EBV VCA-IgA, and EA-IgA and Xiang et al27 used 
hyaluronidase, collagen IV, laminin, and procollagen III to construct composite hematological indexes. It should be noted 
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Figure 4 Kaplan–Meier curves of DMFS (A) and OS (B) in low-TRS group. Kaplan–Meier curves of DMFS (C) and OS (D) in middle-TRS group. Kaplan–Meier curves of 
DMFS (E) and OS (F) in high-TRS group.
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that these studies included some unconventional testing indicators when constructing hematological composite indicators. 
In contrast, the indicators in our study are highly popular and have broad clinical applicability.

Nomograms are widely used for cancer prognosis, primarily because of their ability to reduce statistical predictive 
models into a single numerical estimate of the probability of an event, such as death or recurrence.17–28 In our study, 
nomogram_CHS was constructed based on MVA results (Node classification, chemotherapy (yes/no), EBV-DNA, and 
CHS). The nomogram_CHS had better prognostic efficiency than TNM-8 with a higher C-index in the training (0.728 vs 
0.646) and validation cohort (0.893 vs 0.622). Although many scholars have constructed a few nomograms for the 
prognosis assessment of NPC based on blood indicators, the performance of the prognostic nomogram constructed in this 
study (C-index >0.8) seems better than previous nomograms.17–19,23–27

Figure 5 Kaplan–Meier curves of DMFS in the low-TRS group of Stage I–II (A) and Stage III–IV (B) NPC patient. Kaplan–Meier curves of OS in the low-TRS group of Stage 
I–II (C) and Stage III–IV (D) NPC patient.
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IC with CCRT has become the standard treatment for locoregional NPC (stage III–IV) in the IMRT era according to the 
CSCO-ASCO guidelines.37–39 However, retrospective studies have shown that some patients do not benefit from IC.40,41 Similar 
to previous studies, our study found that patients in the low-TRS group did not benefit from chemotherapy. There were 409 stage 
III–IV NPC patients in the low-TRS group, including 30 with T3N0, 128 with T3N1, 27 with T4N0, 66 with T4N1, and 158 with 
TXN2. Consistent with our study, a randomized clinical trial published by Ma et al42 indicated that T3N0 NPC patients without 
adverse features (all nodes <3 cm, no level IV/Vb nodes; no extranodal extension; EBV DNA <4000 copies/mL) received RT 
alone had similar progress-free survival compare to CCRT. In a study published by Tang et al43 it was found that for low-risk 
T3N0, T3N1, and T4N0 NPC patients (EBV DNA < 2000 copies /mL; Women and EBV DNA≥2000 copies /mL) who received 
CCRT and IC+CCRT showed no survival difference. However, it is noted that no studies have analyzed the survival difference 
between RT alone and CCRT in low-risk T3N1 and T4N0 patients. In addition, Ma et al44 found that the rate of distant metastasis 
was significantly lower in node-negative NPC patients than in node-positive patients. Similarly, Tang et al found that T4N0-2 
NPC patients had better 3-year OS and DMFS and worse local relapse-free survival than T1-4N3 patients. Therefore, more 
attention should be paid to local radiation therapy rather than systemic chemotherapy in T4N0-2 NPC patients for them having 
a lower risk of distant metastasis. Consistent with the findings of Tang et al45 our study also found that in locally advanced NPC 
patients, low-risk TXN2 NPC patients (EBV DNA < 500 copies /mL, high AFR, PAFR, and PNI before treatment) may be 
exempt from chemotherapy. In the middle-TRS group, IC plus CCRT could reduce DM and death risk of NPC patients compared 
with RT alone but not CCRT. These results suggest that CCRT or IC plus CCRT can significantly improve the prognosis of 
patients with locally advanced NPC compared with RT alone, which is consistent with previous studies.46,47 In the high-TRS 
group, the patients received IC plus CCRT have better DMFS and OS than those received CCRT or RT alone. This suggests to us 
that adequate IC in high-TRS patients is necessary, which can greatly reduce DM risk and thus improve prognosis.37–39

Limitations
Although this study was a well-designed retrospective study with a large sample size and included a training group and 
a validation group, it had several limitations. First, due to the retrospective nature, this study had selection bias: the study 
population was derived from EBV-endemic areas, where EBV-associated NPC and non-keratinizing NPC are common. Second, 
we included EBV DNA levels in our analyses, which are not widely available in many hospitals. Third, although we constructed 
an internal validation group, external validation is still required, which will help generalize the results to other institutions.

Conclusions
In this study, the proposed nomogram model based on a circulating hematological biomarker panel showed satisfactory 
accuracy, discrimination capability, and clinical utility. This model would enable individualized prognostication of DMFS 
and OS and guide personalized treatment.
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