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Purpose: There is still uncertainty regarding the prognosis of nasopharyngeal carcinoma (NPC) based on hemoglobin, albumin,
lymphocytes, and platelets (HALP) score. The aim of this study was to build and verify a nomogram using HALP score to investigate
the prognostic value of NPC and identify low-risk patients in T3-4NO-1 NPC to guide treatment options.

Patients and methods: A total of 568 NPC patients with stage T3-4N0-1MO0 were recruited in the study, who were given either
concurrent chemoradiotherapy (CCRT) or induction chemotherapy (IC) plus CCRT. The prognostic factors of overall survival (OS)
were picked by Cox proportional hazards regression analysis to generate a nomogram, which appraised by discrimination, calibration
and clinical utility. Patients were stratified according to risk scores calculated by the nomogram, and compared to the 8th TNM staging
system using the Kaplan—-Meier methods.

Results: Multivariate analysis showed that TNM stage, Epstein—Barr virus DNA (EBV DNA), HALP score, lactate dehydrogenase-to-
albumin ratio (LAR) and systemic inflammatory response index (SIRI) were independent prognostic indicators for OS, and these
factors contained in the nomogram. The nomogram demonstrated a significant enhancement over the 8th TNM staging system in terms
of assessing OS (C-index, 0.744 vs 0.615 in the training cohort, P < 0.001; 0.757 vs 0.646 in the validation cohort, P = 0.002).
Calibration curves displayed good agreement and the stratification in high-risk and low-risk groups resulted in a significant divergence
of Kaplan—Meier curves for OS (P < 0.001). In addition, the decision analysis (DCA) curves confirmed satisfactory discriminability
and clinical utility.

Conclusion: The HALP score was an independent prognostic factor for NPC. The prognostic function of the nomogram for T3-4NO-
1 NPC patients was more accurate compared to the 8th TNM system, facilitating personalized treatment planning.

Keywords: Epstein—Barr virus, induction chemotherapy, concurrent chemoradiotherapy, locoregional extension patterns,

immunoinflammatory marker

Introduction

Nasopharyngeal carcinoma (NPC), a type of the malignant tumor in head and neck, is characterized by unique,
unbalanced, endemic distribution, predominantly in southeast Asia.' It is presumed that there were 133354 new
patients of NPC worldwide in 2020, and in excess of 70% of them were classified as locoregionally advanced NPC
(LA-NPC), with a 5-year overall survival (OS) of 68.9-78.6%.>* In the National Comprehensive Cancer Network
(NCCN) guidelines, concurrent chemoradiotherapy (CCRT) is essential for the treatment of patients with LA-NPC,
adding induction chemotherapy (IC) or adjuvant chemotherapy (AC) to CCRT is imperative for certain high-risk
groups, particularly for patients with bulky or extensive lymph node who have higher metastatic probability.’
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Moreover, according to the 2021 CSCO (Chinese Society of Clinical Oncology) Guidelines for NPC,® CCRT is
recommended for grade I treatment in T3NO patients, which means most of T3NO patients are low-risk LA-NPC who
do not have to receive IC. Hence, it is significant to explore ways to distinguish high- and low-risk patients and to
give more rational treatment. In terms of the regional extension patterns (LEPs), LA-NPC can be categorized into
three types with distinct clinical differences in biological behavior, the ascending type (T3-4NO-1, or type A),
descending type (T1-2N2-3, or type D), and the mixed type (T3-4N2-3, or type AD). The ascending type of NPC
showed superior local recurrence free survival (LRFS) and distant metastasis free survival (DMFS) than the
descending and mixed types, at 90.7% and 89.9%, respectively, according to a retrospective study involving 7227
patients.” Considering the early stage of lymph node metastasis in T3-4N0-1 patients, it is reasonable to assume that
low-risk patients are more likely to be present in T3-4NO-1 patients. We established the nomogram in T3-4NO-1
patients to more accurately identify low-risk patients and exempt them from IC and its adverse effects and financial
burden.

Inflammation is a major component of tumor microenvironment that substantially contributes to proliferation of
tumor cells, metastasis, stimulation of angiogenesis, subvert immunity, and resistance to chemotherapy.®® Previous
studies have shown that inflammatory factors are related to tumor prognosis. For example, systemic immune inflamma-
tion index (SII) and systemic inflammatory response index (SIRI) have been confirmed to be related to poor OS and
progression free survival (PFS) in patients with NPC.'>!'" In addition, nutritional status is closely associated with
treatment-related prognosis, therapeutic responses and complications in various cancer types.'? Serum albumin (ALB)
is a classical nutritional status assessment indicator, which can reliably evaluate the nutritional status of cancer patients.
The reduction of ALB level predicts poor prognosis of various cancers.'> Furthermore, there exist a complex and
dynamic interaction between immune environment and tumor cell, and immune biomarkers reveal prognosis of cancer.'*
Lymphocytes, a crucial type of immune cell, take part in immune monitoring of the proliferation, invasion and metastasis
of tumor cells."® Lymphocyte count decrease is a sign of poor prognosis for cancer.'®!” Low hemoglobin levels reflect
tumor hypoxia, which can reduce the efficacy of radiotherapy.'® Platelet is associated with metastasis, which can defend
cancer cells from immune assault.'” The hemoglobin, albumin, lymphocyte and platelet (HALP) scores, a combination of
inflammatory, nutritional and immune status, have been demonstrated to be a useful prognostic indicator for several
malignancies, such as bladder cancer, gastrointestinal stromal tumor, esophageal squamous cell carcinoma and so on.”*
However, it remains unclear that the prognostic value of the HALP score in NPC patients and the clinical value of HALP
scores in conjunction with other prognostic factors.

Hence, the objective of this study was to explore whether the HALP scores could be a parameter to predict the
prognosis of NPC. In addition, we set up and verify a nomogram based on HALP scores and other immunoinflammatory
indicators to predict OS and stratified de novo T3-4NO-1 NPC patients prior to therapy initiation and identify potential
beneficiaries receiving CCRT alone.

Methods

Patients

We conducted a retrospective review of NPC patients who received CCRT with or without IC between 2011 and
2019. Patients were recruited in terms of the following criteria: (a) age from 18 to 65 years at the time of
diagnosis; (b) histopathology substantiated NPC; (c) defined as T3-4N0O-1MO according to the 8th TNM staging
system; (d) treatment regimens were CCRT with or without IC. Patients were excluded based on the following
criteria: (a) previous history of tumor or concurrent diagnosis of double or multiple cancers; (b) absence of values
in relevant indicators or survival data. Eventually, a total of 568 patients met criteria for analysis. This study was
endorsed by the Ethics Committee of Guangxi Medical University Cancer Hospital (IRB approval number:
LW2023048), and was not required informed consent as a consequence of retrospective nature. Data was
anonymized for protecting the privacy of the participants. It was conducted in compliance with the principles of

Declaration of Helsinki.
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Treatment

A thorough history taking and physical examination were essential prior to treatment, and the general condition was
assessed by blood tests. Besides, the pathology was clarified by obtaining tissue through nasopharyngoscopy, and the
extent of tumor invasion was ascertained by magnetic resonance imaging (MRI) of the head and neck, eliminated distant
metastases by chest and abdominal computed tomography (CT), skeletal emission computed tomography (ECT), or
18Ffluorodeoxyglucose positron emission tomography-CT (PET/CT). The TNM stage of patients were reclassified
according to the 8th edition by three radiologists with more than 10 years of experience independently. The ascending
NPC is described as patients with predominantly advanced localised lesions (T3-4) but early cervical lymphadenopathy
in the neck (NO-1).

All patients underwent IMRT. The target volumes were demarcated in reference to the International Commission on
Radiation Units and Measurements Reports 50 and 62. The prescribed radiation dose was 70~75.9 Gary for the primary
nasopharyngeal tumor and 60~73.6 Gary for the cervical metastatic lymph node in 30-32 fractions. The IC regimens
consisted of GP (cisplatin 80 mg/m2, 1st day; gemcitabine 1000 mg/m?, 1st and 8th days), and TPF (docetaxel 60 mg/m?,
1st day; cisplatin 60 mg/m? Ist day; 5-fluorouracil 600 mg/m?, day one to day five) repeated every 3 weeks for a total of
two or three cycles. The regimen for concurrent chemotherapy was cisplatin (100 mg/m?) delivered for 2-3 cycles, every

3 weeks during radiation therapy.?****

Immunoinflammatory Markers
Hematology samples were collected within 1 week prior to treatment. The Epstein—Barr virus deoxyribonucleic acid
(EBV DNA) was assayed by a real-time quantitative polymerase chain-reaction assay. The calculation formula of
immunoinflammatory biomarkers are as described below:

HALP (hemoglobin, albumin, lymphocyte and platelet) score = hemoglobin (g/L) x serum albumin (g/L) x
lymphocyte count (10°/L)/platelet count (10° /L);

SIRI (systemic inflammatory response index) = monocyte count (10°/L) x neutrophil count (10°/L)/lymphocyte count
(10°/L);

SII (systemic immune inflammation index) = platelet count (10°/L) x neutrophil count (10°/L)/lymphocyte count
(10°/L);

LAR (lactate dehydrogenase-to-albumin ratio) = lactate dehydrogenase (U/L)/serum albumin (g/L).

Survival Data

The primary endpoint was overall survival (OS), measured from the diagnosis to death or last visit. After completing
radiotherapy, patients were followed up at least every 3 months for first 3 years, every 6 months for 3 to 5 years, and then
annually thereafter until death, which included a physical examination, indirect nasopharyngoscopy and relevant
imaging.

Statistical Analysis

The patients were stochastically assigned into training cohort and validation cohort in a proportion of nearly 7:3 (caret,
version 6.0-90). Categorical variables were compared with the chi-square test, and the Mann Whitney U-test was applied
to compare continuous variables. The cut-off level of pre-treatment EBV DNA was based on a value 5000 copies/mL,
which was specified by the laboratory in the hospital. In addition, receiver operation characteristic (ROC) curve analysis
(pROC, version 1.18.0) was utilized to discern the cut-off value of continuous variables for OS in training cohort, and
then continuous variables converted to binary variables in the whole population depending on these cut-off values
(Supplementary Figure 1). Univariate cox regression analysis was employed to evaluate the association between

variables and OS. Factors with P < 0.1 in the univariate cox analysis were fed into the multivariate analysis, and the
independent prognostic variables with a final P < 0.05 were employed to create the nomogram (rms, version 6.2-0).%>°
Prognostic performance of the proposed model and TNM stage were assessed by Harrell’s concordance index (C-index).

The calibration curves were plotted to estimate the agreement in the observed survival with the nomogram-predicted
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survival. Furthermore, decision curve analysis (DCA) was utilized to appraise the value of the nomogram for clinical
application (ggDCA, version 1.2). The total risk scores were acquired via the nomogram, and patients were separated into
high-risk and low-risk groups depending on the cut-off value of the risk scores obtained in ROC curve. Survival curves
were developed on the basis of Kaplan—-Meier (KM) method. The p-value of hazard ratio (HR) estimate was derived with
the Log rank test. R software (version 4.0.3) was carried out to conduct statistical analysis. A two-sided p < 0.05

indicating that the corresponding estimate reaches significant difference.

Results

Clinical Features
A total of 568 patients with ascending type NPC were ascertained (Table 1 and Supplementary Table 1), consisting of

400 patients in the training cohort and 168 patients in the validation cohort. There was no difference observed between
the training and validation groups, aside from EBV DNA. Median follow-up was 50 months (range 2—-126), and the
3-year and 5-year OS was 90.6%, 79.7%, respectively.

Survival Analysis in Training Cohort

The univariate analysis revealed that older age, stage IVA, detectable pre-treatment EBV DNA, high HALP, high LAR
and high SIRI were correlated with poorer OS (Table 2). The multivariate analysis demonstrated that patient TNM stage
(stage III or IVA), pre-treatment EBV DNA (<5000 or >5000 copies/mL), HALP (<46.61 or >46.61), LAR (<4.52 or
>4.52) and SIRI (<2.06 or >2.06) remained the significant prognostic factors.

Table | Clinical Characteristics of Patients in the Training and Validation Cohorts

Characteristics Total Training Cohort Validation Cohort P
(n =568) (n = 400) (n=168)
Age (median [IQR]) 48 [39, 54] 48 [40, 55] 46 [37, 53] 0.062
Gender (%)
Female 165 (29.05) 113 (28.25) 52 (30.95) 0.585
Male 403 (70.95) 287 (71.75) 116 (69.05)
T (%)
T3 351 (61.80) 250 (62.50) 101 (60.12) 0.661
T4 217 (38.20) 150 (37.50) 67 (39.88)
N (%)
NO 47 (8.27) 32 (8.00) 15 (8.93) 0.842
NI 521 (91.73) 368 (92.00) 153 (91.07)
TNM (%)
Stage llI 351 (61.80) 250 (62.50) 101 (60.12) 0.661
Stage IVA 217 (38.20) 150 (37.50) 67 (39.88)
Treatment (%)
CCRT 364 (64.08) 261 (65.25) 103 (61.31) 0.425
IC+CCRT 204 (35.92) 139 (34.75) 65 (38.69)
EBV DNA (%)
<5000 393 (69.19) 266 (66.50) 127 (75.60) 0.041
25000 175 (30.81) 134 (33.50) 41 (24.40)
HALP (median [IQR]) | 38.58 [27.48, 49.98] 38.49 [27.64, 49.83] 38.72 [27.20, 50.63] 0.992
LAR (median [IQR]) 4.19 [3.66, 4.82] 4.20 [3.68, 4.89] 4.11 [3.59, 4.65] 0.142
Sl (median [IQR]) 597.29 [426.46, 855.78] | 579.04 [422.10, 853.83] | 637.24 [459.99, 858.71] | 0.16]
SIRI (median [IQR]) 0.98 [0.67, 1.52] 0.97 [0.67, 1.41] 1.02 [0.68, 1.63] 0.321

Abbreviations: IQR, interquartile range; CCRT, concurrent chemoradiotherapy; IC, induction chemotherapy; EBV DNA, Epstein-Barr
virus deoxyribonucleic acid; HALP, hemoglobin, albumin, lymphocyte and platelet score; LAR, lactic dehydrogenase-to-albumin ratio; SlI,
systemic immune inflammation index; SIRI, systemic inflammatory response index.
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Table 2 Risk Factors for OS in the Training Cohort

Characteristics | Univariable Cox Analysis | Multivariable Cox Analysis
HR [95% CI] P HR [95% CI] P

Age

<50 Reference Reference

=50 1.82 [1.14-2.93] 0.013 1.58 [0.97, 2.55] 0.064
Gender

Female Reference

Male 1.07 [0.63-1.81] 0.809
TNM

1] Reference Reference

IVA 2.33 [1.45-3.75] <0.001 2.21 [1.36, 3.58] 0.001
Treatment

CCRT Reference

IC+CCRT 0.99 [0.60-1.63] 0.956
EBV DNA

<5000 Reference Reference

25000 2.86 [1.76-4.66] <0.001 2.72 [1.67, 4.45] <0.001
HALP

<46.61 Reference Reference

>46.61 1.64 [1.01-2.65] 0.045 1.96 [1.20, 3.21] 0.007
LAR

<4.52 Reference Reference

2452 2.01 [1.25-3.23] 0.004 1.73 [1.07, 2.81] 0.026
Sl

<465.38 Reference

>465.38 0.69 [0.43-1.12] 0.136
SIRI

<2.06 Reference Reference

22.06 2.03 [1.13-3.66] 0.018 2.05 [1.12, 3.73] 0.020

Abbreviations: HR, hazard ratio; Cl, confidence interval; CCRT, concurrent chemoradiotherapy; IC,
induction chemotherapy; EBY DNA, Epstein-Barr virus deoxyribonucleic acid; HALP, hemoglobin,
albumin, lymphocyte and platelet score; LAR, lactic dehydrogenase-to-albumin ratio; Sll, systemic
immune inflammation index; SIRI, systemic inflammatory response index.

Construction, Validation and Comparison of the Models

All independent prognostic factors were integrated into our nomogram (Figure 1). In the training cohort, the C-index was
0.744 (95% CI: 0.681-0.806) for the nomogram, and 0.615 (95% CI: 0.554-0.676) for the 8th TNM system (P < 0.001,
Supplementary Table 2). In the validation cohort, the C-index reached 0.757 (95% CI: 0.673—-0.840) for our nomogram,
and 0.646 (95% CI: 0.560-0.731) for the TNM system (P = 0.002). The calibration curves, measured by bootstrap
verification with 1000 resamples, presented an acceptable agreement between the nomogram-predicted value and actual

value for 3- and 5-year OS in the training cohort and validation cohort (Figure 2). The DCA curve suggested a higher net
benefit for the nomogram than the TNM staging system which indicated that the nomogram had superior clinical utility
(Figure 3).

Risk Stratification
Patients were classified into high-risk group (=153 scores) and low-risk group (<153 scores) according to risk scores
(Supplementary Table 3). Significant discrimination in OS between the low-risk and high-risk groups was apparent in the

training (P < 0.001) and validation cohort (P < 0.001, Figure 4), which means risk stratification can effectively identify
patients at a high risk of death from NPC. Moreover, the KM curves displayed a greater difference in risk stratification
for nomogram compared to the TNM system.
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Figure | OS Nomogram in the Training Cohort.

Notes: The line segment corresponding to each variable is marked with a scale, which represents the range of possible values of the variable and draws a vertical line
upward to get the corresponding score. Add all the variables to get the total score and draw a vertical line downward to get the probability of survival of OS at 3 or 5 years.
Abbreviations: OS, overall survival; EBV DNA, Epstein-Barr virus deoxyribonucleic acid; HALP, hemoglobin, albumin, lymphocyte and platelet score; LAR, lactic
dehydrogenase-to-albumin ratio; SIRI, systemic inflammatory response index.

Discussion

The role of IC in LA-NPC is still controversial. Several clinical trails showed there was no significant difference in OS,
DMFS and disease-free survival (DFS) between CCRT and IC+CCRT in LA-NPC.?”?° Nevertheless, when target
population of the clinical trails covered all LA-NPC except for T3NO-1 or T3—4NO subgroups, it was found that IC
+CCRT achieved higher OS or DFS than CCRT alone, which suggested that there was a subset of LA-NPC patients
regarded as low-risk group and additional IC to CCRT may be futile for these patients.?****° Patients with the ascending
type, whose primary failure mode was local recurrence rather than distant metastasis, had a significantly better prognosis
than those with descending type and the mixed type among LA-NPC.*'*? In addition, some studies indicated that the
incorporation of IC into CCRT in NPC patients with stage T3-4NO-1 did not significantly enhance OS, LRFS, DMFS and
PFS.*>** It is currently unknown which T3-4N0-1 patients require IC. Hence, we created a nomogram to predict OS for
T3-4NO-1 patients and then stratified patients at risk to provide evidences for the choices of IC.

Systemic inflammatory responses can forecast survival in cancer patients as they are engaged in crucial steps of tumor
formation.®” It is illustrated that inflammatory cells interact with cancer to facilitate neo-vascular formation, extracellular
matrix remodeling and a sustained inflammatory microenvironment to stimulate metastasis.”® Inflammatory status can be
estimated by different clinical hematological variables, responding the dynamic balance between the tumor function and
the immune system. It demonstrated that SIRI was significantly associated with PFS and OS in patients with NPC.>’-*

Moreover, LAR is the ratio of lactate dehydrogenase to albumin. LDH is an indicator of tumor load, and the larger the
LDH, the higher the risk of metastasis.>® Albumin can assess the nutritional status of NPC patients, and low albumin
predicts poor survival.*” When patients have high LDH and low albumin, namely large LAR, it indicates a high tumor
load, poor nutritional status and poor prognosis. Previous researches showed that LAR was significantly related to
a relatively short OS and PFS in NPC.*'*? These findings illustrated the adverse effects of nutritional deficiencies on
survival of patients with NPC and the importance of nutritional interventions.

Furthermore, HALP scores, combination of hemoglobin, albumin, lymphocyte and platelet, reflect inflammatory

status and the anti-tumor function of the immune system. Low HALP predicts worse survival in many cancers.***
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Figure 2 Calibration Curve Graphs for Nomogram of OS.

Notes: Calibration curve graphs to predict the 3 and 5-year OS of the nomogram in the training cohort (A and C) and validation cohort (B and D). Nomogram-estimated
OS were drawn on the abscissa; the observed OS were drawn on the ordinate. The diagonal representing the predicted probability was equal to the actual probability. The
closer the nomogram curve is to the diagonal line, the more closely the predicted probability matches the actual probability.

Abbreviation: OS, overall survival.

A meta-analysis comprising 13,038 patients showed that a low HALP score was associated with decreased OS in patients
with solid tumors.** The prognostic value of HALP on OS was observed across different stages and types of tumors. In
hematologic tumors, low HALP is associated with adverse clinicopathological features of diffuse large B-cell lymphoma
and appears to be an independent adverse prognostic factor for International Prognostic Index.*® Besides, HALP score is
a valuable prognostic marker for patients with multiple myeloma.*” A retrospective study with 319 pharyngeal cancer
patients including nasopharyngeal carcinoma, oropharyngeal carcinoma and hypopharyngeal carcinoma indicated that
HALP score was an independent factor for OS.*® However, the number of patients included in the article was small and
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Figure 3 Decision Curves of Nomogram and 8th TNM Staging System.

Notes: Decision curves to predict the 3 and 5-year overall survival in the training cohort (A and C) and validation cohort (B and D). The x-axis was determined by the
threshold probability, at which the harm of false-positive intervention exceeded the harm of a false-negative non-intervention, and thus an intervention was triggered. The
y-axis was a net benefit, which was the relative benefit derived from the proportion of true-positive results subtracted from the proportion of false-positive results weighted
by a ratio of threshold probabilities. Under the same probability, the clinical usefulness was better when the net benefit was higher.

each type of tumor was not analyzed separately. In the present study, more patients were included. It demonstrated that
HALP may be a new prognostic factor for NPC, and low HALP predicts worse OS. Additionally, the prognostic
performance of HALP was better than that of the four components alone or combined.

EBV DNA analysis has proven useful for early detection, monitoring of treatment response, prognostication, and
even guiding treatment decisions for NPC.**>° A recursive partitioning analysis-based TNM staging system and EBV
DNA status may promote clinical trial designs and prognostic stratification.’’ In this study, EBV DNA combined with
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Figure 4 Kaplan—-Meier Curves Demonstrating OS in T3-4NO-1 of Nasopharyngeal Carcinoma Patients.

Notes: Kaplan-Meier survival curves for OS of the training cohort (A and B) and validation cohort (C and D) in different models. The nomogram was divided into a high-
risk group and a low-risk group comparison (B and D); AJCC/UICC 8th staging system was divided into stage Il and stage IVA comparisons (A and C).

Abbreviation: OS, overall survival.

TNM stage and immunoinflammatory index model greatly improved performance and allowed for good identification of
high-risk patients.

The inadequacy of the study is as follows. First, the prognostic value of HALP needs to be validated in more
prospective studies. In addition, this nomogram is only validated internally and requires extensive multi-center or
prospective external validation. Besides, this study concentrated on the first diagnosis and treatment of T3-4N0O-1 NPC
and failed to explore the influence of its salvage treatment on OS.
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Conclusion

In summary, our study first demonstrated that HALP is a promising predictor of survival outcome in NPC. Moreover, we
created and verified a nomogram to predict OS in T3-4N0-1 NPC patients, which involved TNM stage, pre-EBV-DNA,
HALP, LAR and SIRI. The nomogram showed outstanding consistent and discriminatory to categorize NPC patients into
high-risk and low-risk groups, which can offer useful clues for doctors to recognize the high-risk NPC patients and in
opting for IC treatments.
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