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ABSTRACT 
Introduction: Although monocyte and albumin levels  
have been associated with survival in various malignant 
tumours, their specific prognostic significance in 
nasopharyngeal carcinoma (NPC) remains under-explored. 
This study seeks to examine the relationship between  
the monocyte-to-albumin ratio (MAR) and overall survival 
(OS) in NPC patients to create a precise prediction model.
Methods: The authors retrospectively analysed data 
from 860 NPC patients who underwent concurrent 
chemoradiotherapy. The optimal cut-off for MAR was 
determined using the maximum selection log-rank  
method. Univariate and multivariate Cox proportional 
hazards models were applied to identify factors signifi- 
cantly related to OS. A predictive nomogram was then 
developed and rigorously validated for its accuracy.
Results: The optimal MAR threshold was determined  
to be 11.63, effectively categorising the 860 NPC  
patients into 2 prognostic subgroups (hazard ratio 0.56;  
95% confidence interval [CI] 0.41–0.77, P<0.001).  
The predictive nomogram exhibited strong predictive 
capability for OS, factoring in T stage, N stage, MAR  
value, body mass index, and age over 45 years. The 
concordance index (C-index) of the traditional tumour–
node–metastasis staging system was found to be 0.64 
(95% CI 0.57–0.70), which was less than the C-index  
of the nomogram (0.68; 95% CI 0.64–0.72) for OS.
Conclusion: MAR was identified as an innovative and 
independent prognostic factor in NPC patients, presen-
ting a potential biomarker for personalised treatment  
strategies.

Keywords: concurrent chemoradiotherapy, monocyte-
to-albumin ratio, nasopharyngeal carcinoma, nomogram, 
prognosis

CLINICAL IMPACT

What is New
•	 The monocyte-to-albumin ratio (MAR) is identified 

as a novel, independent prognostic biomarker for 
nasopharyngeal carcinoma (NPC).

•	 MAR uniquely reflects the combined burden of 
tumour-promoting inflammation (e.g. tumour-
associated macrophage infiltration) and systemic 
malnutrition.

Clinical Implications
•	 As a readily accessible and cost-effective blood-

based index, MAR facilitates early and precise risk 
stratification in clinical practice.

•	 Integrating MAR into routine pretreatment 
assessments can help optimise therapeutic strategies 
and improve long-term surveillance for NPC patients.

INTRODUCTION
The incidence of nasopharyngeal carcinoma (NPC) 
is notably elevated in southern China, North Africa, 
and Southeast Asia (up to 35 cases per 100,000 
inhabitants), revealing significant geographical 
disparities.1 Approximately 70% of NPC patients are 
diagnosed with locally advanced disease, contributing 
to an estimated 80,000 deaths annually from this 
malignancy worldwide.2 The tumour–node–metastasis 
(TNM) staging system is a cornerstone for forecasting 
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METHODS

Patients
This retrospective analysis included 860 patients 
with histologically confirmed NPC who received 
treatment at Sun Yat-sen University Cancer Center 
between January 2010 and December 2014. Inclusion 
criteria were as follows: (1) imaging and histological 
evaluations confirmed untreated, non-metastatic 
NPC; (2) no history of other tumours or inflammatory 
conditions; (3) treatment via radical intensity-
modulated radiation therapy (IMRT); (4) platinum-
based concurrent chemotherapy administered 
during IMRT, either weekly or every 3 weeks; (5) 
peripheral blood tests and Epstein-Barr virus (EBV) 
DNA assessments specific to NPC completed prior 
to treatment. All patients were staged according to 
the 8th American Joint Committee on Cancer TNM 
staging system. This study was approved by Sun  
Yat-sen University Cancer Center’s Ethics Committee 
(SL-B2023-537-01), which waived the necessity 
for written informed consent. All procedures 
were conducted in compliance with the principles  
outlined in the 1964 Helsinki Declaration and its 
amendments. Medical histories, imaging data, and 
pathological reports were reviewed to extract data 
within 7 days following diagnosis. Treatment protocols 
and follow-up routines adhered to established 
guidelines. Patients were stratified into 3 body mass 
index (BMI) categories: <24, 24–27.9, ≥28  kg/m².  
MAR was defined as the ratio of monocyte counts 
(number/mm³) to albumin levels (g/L).16,17

Statistical analysis method 
Sample size calculation was not performed due to 
a lack of prior data to justify the establishment of 
prognostic models. Of the 860 enrolled participants, 
174 events were documented during the follow-up, 
ensuring that in the multivariate model, a minimum of 
10 events per variable was maintained for adequate 
evaluative capacity.18 MaxStat R package (by Torsten 
Hothorn) along with the Kaplan-Meier method was 
utilised to identify the optimal cut-off value and 
develop survival curves, followed by a log-rank test.19 
The proportional hazards assumption was evaluated 
using Schoenfeld residual analysis. Only variables 
with a P value of <0.10 in the univariate analysis were 
included in the multivariate Cox model. A nomogram 
was subsequently constructed based on the findings 
from the multiva-riate analysis.

The efficacy of the nomogram was evaluated  
using calibration curves, the concordance index 
(C-index), and the area under the curve (AUC) through 
time-dependent receiver operating characteristic 
(ROC) analysis. Statistical significance was established 

prognosis and informing treatment approaches in  
NPC.1 Concurrent chemoradiotherapy (CCRT) is recog-
nised as the standard treatment for locally advanced 
NPC.1,3 Nonetheless, notable variability in prognosis 
exists among patients even when categorised under 
the same TNM staging and treatment modalities.4,5  
This discrepancy underscores the limitations of the  
TNM system in capturing the biological diversity  
inherent in NPC. 

Recent research emphasises the critical interplay 
between the tumour microenvironment (TME) and 
immune responses, alongside the influence of nutri-
tional and metabolic conditions on tumour advance- 
ment and metastasis.6-8 Current investigations have 
indicated that indicators reflecting inflammation and 
nutritional status significantly affect the prognosis 
of various malignancies, including NPC. Specifically, 
systemic inflammatory responses can drive tumour 
metastasis by promoting angiogenesis and preventing 
cellular apoptosis. Furthermore, nutritional deficits  
that are often reflected by low haemoglobin levels 
can lead to tumour hypoxia, which further accelerates 
angiogenesis and worsens the patient’s prognosis. 
Metrics such as the ratios of inflammatory markers (e.g. 
neutrophils, lymphocytes, platelets, and C-reactive 
protein) and nutritional status indicators (e.g. con- 
trolled nutritional status and prognostic nutritional  
index) have been investigated extensively.9-11 Compo-
site indicators that amalgamate these parameters 
have proven to be more effective in tumour diagnosis 
and prognosis than single indicators.12 Consequently, 
researchers are increasingly focusing on composite 
biomarkers that fuse inflammation and nutritional  
aspects for improved risk stratification among NPC 
patients. The monocyte-to-albumin ratio (MAR) repre-
sents such a composite index, integrating inflammatory 
markers with nutritional parameters to provide insights 
into a patient’s systemic inflammatory state and 
nutritional health.13 In many cancers, monocytes that 
infiltrate tumour tissues can differentiate into tumour-
associated macrophages (TAMs), which constitute a 
crucial component of TME.14 These TAMs generally 
polarise into 2 distinct subtypes: M1-like and M2-like 
TAMs. Notably, the M2-like TAMs play a critical role  
in promoting malignant metastasis, invasion, and 
treatment resistance.15 Therefore, peripheral monocyte 
levels offer a practical reflection of the systemic TAM 
burden. By specifically utilising monocytes rather 
than overall leukocyte counts, MAR highlights the 
crucial intersection of TAM-driven tumour-promoting  
inflammation and cancer-related malnutrition.  
However, studies examining the significance of MAR  
in NPC are still limited.

This research aims to investigate the correlation 
between pre-treatment MAR levels and the prognosis 
of NPC patients receiving CCRT.
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at a 2-sided P<0.10. All statistical computations  
were performed using R software version 4.2.1  
(R Foundation for Statistical Computing, Vienna,  
Austria).

RESULTS

Patient characteristics 
Table 1 outlines the baseline characteristics of the 
860 NPC patients included in this study at Sun Yat-
sen University Cancer Center. The median age of the 
participants was 45 years (range: 18–84 years), with  
423 patients (49.2%) older than 45 years and 437 
patients (50.8%) aged 45 years or younger. The 
majority were male (639 cases, 74.3%), while females 
constituted approximately one-quarter of those  
studied (221 cases, 25.7%). Most patients were 
diagnosed with World Health Organization type III 
carcinoma (98.5%). The EBV-DNA value was ≥4000 
copies/mL in nearly one-third of the patients. Using  
the identified MAR cut-off value of 11.63 (Fig. S1), 
patients were classified into 2 groups: a high MAR 
group with scores greater than 11.63 (n=232) and a 
low MAR group with scores less than or equal to 11.63 
(n=628). 

Survival data and overall survival (OS) across  
different MAR groups  
The median OS observed in the study population was 
123.2 months (interquartile range: 87.8–136.1 months). 
A total of 174 events were recorded throughout the 
study duration. The OS rates at 1, 3, 5, and 10 years 
were recorded at 98.1%, 93.6%, 88.6%, and 80.3%, 
respectively. Analysis using the Kaplan-Meier method 
indicated that patients in the low MAR group had a 
significantly higher survival rate compared to those 
in the high MAR group (Fig. 1; hazard ratio 0.56;  
95% confidence interval [CI] 0.41–0.77, P<0.001).

Univariate and multivariate analyses 
Univariate analyses revealed that T stage, N stage, 
EBV-DNA status, MAR value, BMI category, and age 
were statistically significant predictors of OS (P<0.10). 
These variables were incorporated into the multiva- 
riate Cox model. The variance inflation factor was 
calculated for the selected variables, all of which 
were less than 10. A multicollinearity diagnostic 
confirmed that severe multicollinearity was absent. 
Fig. S2 illustrates the diagnostic diagram for assessing 
proportional hazards, indicating that the multivariate 
model adheres to the proportional hazards assump-
tion. The multivariate analysis identified T stage, age, 
N stage, BMI category, and MAR value as independent 
prognostic factors for OS in NPC patients treated  
with CCRT (Table 2). 

Establishing a new prognostic model grounded in  
MAR 
Drawing from the 5 independent prognostic 
variables identified in the multivariate analysis, a new  
nomogram prognostic model was established to 
estimate patient survival probabilities (Fig. 2). For 
example, a 56-year-old patient classified as T2 N3 with 
a BMI of 25 and a MAR score exceeding 11.63 had 
a total score of 18.75 (2.75 + 6 + 7.94 + 0 + 2.06), 
with corresponding 1-, 3-, 5-, and 10-year OS rates of 
96.86%, 88.32%, 79.20%, and 64.96%, respectively.

Assessment of the predictive performance of the  
new prognostic model 
The C-index for OS determined for the nomogram  
was 0.68 (95% CI 0.64–0.72), outperforming the  
C-index of the traditional TNM staging system, which 
was 0.64 (95% CI 0.57–0.70), thereby demonstrating 
satisfactory discriminatory power. Calibration plots 
for OS (Fig. 3A) depicted the concordance between 
predicted and actual survival frequencies. Fig. 3B 
presents the time-dependent ROC curve, illustrating  
the prognostic accuracy of the newly formulated 
prediction model, which surpassed that of the 
conventional TNM staging system. Fig. 3C illustrates 
the decision curve analysis curves that compare the 
net advantages of the current prediction model against 
that of the traditional TNM staging approach. This 
nomogram evidenced superior predictive accuracy 
relative to the standard TNM staging system.

DISCUSSION
To the best of the authors’ knowledge, this study is 
the first to examine MAR’s predictive value for OS in 
NPC patients undergoing CCRT. The results indicate 
that patients with pre-treatment MAR levels below 
11.63 enjoy significantly improved OS compared 
to those with levels at or above 11.63. Furthermore, 
multivariate analysis confirmed MAR as an independent 
prognostic indicator. The authors developed a user-
friendly nomogram based on MAR for practical clinical 
application.

The conventional TNM staging system primarily 
categorises disease stages according to the anatomical 
extent of tumour invasion, directing further treatment 
strategies. However, this framework lacks sufficient 
predictive accuracy and personalisation for NPC  
patients receiving CCRT. This study successfully 
integrates the novel nutritional-inflammatory marker 
MAR into a prognostic framework, promoting 
individualised prognostic evaluations among diverse 
patient populations. This model provides clinicians  
with a timely and cost-efficient biomarker to support 
clinical decision-making.



Monocyte/albumin ratio in NPC—Wei-Qiong Ni et al.

Ann Acad Med Singap Vol 55 No 5 May 2026 | annals.edu.sg 234

Table 1. Baseline characteristics of the study participants.

Characteristic All (n=860) %

Age

>45 years 423 49.2

≤45 years 437 50.8

Sex

Female 221 25.7

Male 639 74.3

Histological type                       

WHO I/II 13 1.51

WHO III 847 98.5

HGB                       

<113 g/L 27 3.14

113–151 g/L 547 63.6

≥151 g/L 286 33.3

LDH                       

<245 U/L 50 5.81

≥245 U/L 810 94.2

T stage                       

T1 42  4.88 

T2 165 19.2

T3 523 60.8

T4 130 15.1

Table 1. Baseline characteristics of the study participants. (Cont’d)

Characteristic All (n=860) %

N stage                       

N0 81 9.42 

N1 464 54.0

N2 271 31.5

N3 44  5.12 

BMI                       

<24 kg/m2 518 60.2

24–27.9 kg/m2 294 34.2

≥28 kg/m2 48 5.58

EBV-DNA                       

<4000 copy/mL 580 67.4

≥4000 copy/mL 280 32.6

ALB                       

≥40 g/L 788 91.6

<40 g/L 72 8.37

MAR                       

>11.63 232 27.0

≤11.63 628 73.0

ALB: albumin; BMI: body mass index; EBV-DNA: Epstein-Barr virus 
DNA; HGB: haemoglobin; LDH: lactate dehydrogenase; MAR: 
monocyte-to-albumin ratio; WHO: World Health Organization

Fig. 1. Survival curves obtained with Kaplan-Meier analysis between different MAR groups (the hazard ratios reported were unadjusted). 

CI: confidence interval; HR: hazard ratio; MAR: monocyte-to-albumin ratio
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Table 2. Univariate and multivariate Cox regression analyses of OS.

Characteristic Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age

≥45 years 1 1

<45 years 0.57 (0.42–0.77) <0.001 0.54 (0.40–0.74) <0.001

Sex

Female 1

Male 1.14 (0.81–1.62) 0.455

Histological type

WHO I/II 1

WHO III 0.45 (0.18–1.09) 0.0778

HGB

<113 g/L 1

113–151 g/L 1.43 (0.53–3.87) 0.485

≥151 g/L 1.40 (0.51–3.86) 0.517

LDH

≥245 U/L 1

<245 U/L 0.61 (0.35–1.05) 0.0758

T stage

T1 1 1

T2 4.12 (0.98–17.26) 0.053 3.77 (0.90–15.83) 0.070

T3 4.50 (1.11–18.26) 0.035 4.22 (1.04–17.15) 0.044

T4 9.21 (2.23–37.99) 0.002 8.36 (2.02–34.66) 0.003

N stage

N0 1 1

N1 2.77 (1.21–6.33) 0.016 2.93 (1.28–6.73) 0.011

N2 3.60 (1.56–8.32) 0.003 3.90 (1.68–9.10) 0.002

N3 5.01 (1.90–13.20) 0.001 4.98 (1.86–13.34) 0.001

BMI

<24 kg/m2 1 1

24–27.9 kg/m2 0.71 (0.51–0.99) 0.046 0.93 (0.47–1.84) 0.826

≥28 kg/m2 0.82 (0.41–1.61) 0.554 0.69 (0.49–0.97) 0.035

EBV-DNA

<4000 copy/mL 1 1

≥4000 copy/mL 1.62 (1.20–2.20) 0.002 1.34 (0.98–1.83) 0.071

MAR

>11.63 1 1

≤11.63 0.56 (0.41–0.77) <0.001 0.64 (0.47–0.87) 0.004

ALB: albumin; BMI: body mass index; EBV-DNA: Epstein-Barr virus DNA; HGB: haemoglobin; HR: hazard ratio; LDH: lactate dehydrogenase;  
MAR: monocyte-to-albumin ratio; OS: overall survival; WHO: World Health Organization

HRs estimated by Cox proportional hazards regression. All statistical tests were 2-sided. 
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Variability in prognosis among patients with identical 
TNM stages further emphasises the need for biological 
insights that transcend anatomical descriptions. 
Prior research suggests that including nutritional and 
inflammatory indicators can enhance clinical prognosis 
precision. Elevated monocyte counts have been linked  
to substantial tumour burden, potentially leading 
to poorer outcomes in specific solid tumours.20-22 

Additionally, albumin levels represent malnutrition and 
inflammatory states, frequently correlating with adverse 
prognoses and increased mortality rates in cancer  
patients.23,24 The MAR index—a ratio of monocyte  
counts to albumin concentrations—effectively reflects 
systemic inflammation and nutritional status. This 
retrospective analysis illustrates a significant associa-
tion between pre-treatment MAR scores and OS in 
860 NPC patients receiving CCRT, with scores below 
11.63 correlating with improved OS (HR 0.56, 95%  
CI 0.41–0.77, P<0.001). This highlights MAR’s potential 
as a biomarker for predicting both clinical prognosis  
and treatment outcomes in NPC patients. Further- 
more, this predictive nomogram model that integrates 
MAR with TNM staging outperforms traditional models, 
enhancing prognosis prediction accuracy.

It is important to recognise that the systemic 
inflammatory response is critical in tumour develop- 
ment and the treatment process, serving as a  
determinant of survival rates across various cancer  
types.25 Inflammatory cells engage with tumour cells  
to facilitate angiogenesis, remodel the extracellular 
matrix, and sustain an inflammatory microenvironment 
conducive to metastasis.26 Monocytes are pivotal to  
innate immunity, migrating into tumour tissues 

and differentiating into TAMs when influenced by 
inflammatory conditions, thus promoting tumour 
progression.8 This interaction illustrates the dual impact 
of both inflammation and nutritional status on tumour 
dynamics, as increased tumour load often results in 
hypoproteinaemia due to nutritional inadequacies  
amid heightened inflammatory responses.27-33 There-
fore, recent studies also highlight that combining  
these inflammatory and nutritional markers can effec- 
tively predict patient survival in NPC.34-37

The findings corroborate previous studies that  
identified age, N stage, T stage, and BMI score as 
independent prognostic factors for OS in NPC patients 
undergoing CCRT.38 The nomogram developed in  
this study acts as a roadmap for tailored treatment  
planning, allowing clinicians to intensify treatment 
interventions (e.g. neoadjuvant or adjuvant chemothe-
rapy) for higher-scoring patients while simultaneously 
addressing their nutritional and inflammatory support 
needs.

Limitations 
The MAR metric is dynamic, subject to fluctuations 
influenced by various factors, which can impact the 
stability of consequent analyses. Additionally, the 
predictive model was generated from data sourced 
from a single centre, necessitating validation through 
high-quality datasets from multiple institutions. 
Furthermore, retrospective study designs are often 
vulnerable to selection bias, which may influence the 
accuracy of the results. Moreover, since this study 
relied entirely on retrospective blood tests, there 
was a lack of corresponding tissue slides to visually 

Fig. 2. Nomogram of the current prognostic model for individualised survival predictions. 

BMI: body mass index; MAR: monocyte-to-albumin ratio; OS: overall survival
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Fig. 3. Assessment of predictive performance of the prognostic model. (A) Calibration plot of the nomogram model at 1, 3, 5, and 10 years.  
(B) Time-dependent ROC curves compared the predictive accuracy of the current model and the traditional TNM stage. (C) DCA curves  
compared the net benefit rate of the current model and the traditional TNM stage. 

AUC: area under the curve; DCA: decision curve analysis; OS: overall survival; ROC: receiver operating characteristic; TNM: tumour–node–metastasis
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confirm monocyte infiltration. Future research will 
prioritise prospective multicentre studies incorporating 
pathological imaging to address these limitations and 
enhance the accuracy and overall applicability of the 
predictive model.

CONCLUSION 
In conclusion, the findings highlight MAR as a novel 
nutritional-inflammatory biomarker that can serve as a 
significant predictor of survival rates in NPC patients 
undergoing CCRT. The prognostic capabilities of the 
MAR score nomogram exceed those of traditional 
staging methods, demonstrating its potential to 
refine prognostic tools. This newly developed 
predictive nomogram represents a reliable, efficient, 
straightforward, affordable, and non-invasive means  
for stratifying patients based on their responses to 
CCRT.

Supplementary materials 
Fig. S1. Cut-off value of MAR. 
Fig. S2. Proportional hazards diagnostic plot.
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