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Purpose: We sought to assess the prognostic and predictive value of a circulating inflam-
mation signature (CISIG) and develop CISIG-based tools for predicting prognosis and 
guiding individualized induction chemotherapy (ICT) in non-metastatic nasopharyngeal 
carcinoma (NPC).
Patients and Methods: We retrospectively collected a candidate inflammatory biomarker 
panel from patients with NPC treated with definitive radiotherapy between 2012 and 2017. 
We developed the CISIG using candidate biomarkers identified by a least absolute shrinkage 
and selection operator (LASSO) Cox regression model. The Cox regression analyses were 
used to evaluate the CISIG prognostic value. A CISIG-based prediction model was con-
structed, validated, and assessed. Potential stratified ICT treatment effects were examined.
Results: A total of 1149 patients were analyzed. Nine biomarkers selected by LASSO 
regression in the training cohort were used to construct the CISIG, including hyaluronidase, 
laminin, procollagen III, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, lym-
phocyte-to-monocyte ratio, high-density lipoprotein, lactate dehydrogenase, and C-reactive 
protein-to-albumin ratio. CISIG was an independent prognostic factor for disease-free 
survival (DFS; hazard ratio: 2.65, 95% confidence interval: 1.93–3.64; P < 0.001). High 
CISIG group (>−0.2) was associated with worse 3-year DFS than low CISIG group in both 
the training (67.5% vs 88.3%, P < 0.001) and validation cohorts (72.3% vs 85.1%, P < 
0.001). We constructed and validated a CISIG-based nomogram, which showed better 
performance than the clinical stage and Epstein–Barr virus DNA classification methods. 
A significant interaction between CISIG and the ICT treatment effect was observed (P for 
interaction = 0.036). Patients with high CISIG values did not benefit from ICT, whereas 
patients with low CISIG values significantly benefited from ICT.
Conclusion: The developed CISIG, based on a circulating inflammatory biomarker panel, 
adds prognostic information for patients with NPC. The proposed CISIG-based tools offer 
individualized risk estimation to facilitate suitable ICT candidate identification.
Keywords: nasopharyngeal carcinoma, inflammatory biomarkers, circulating inflammation 
signature, prognostic value, predictive value, induction chemotherapy

Introduction
Nasopharyngeal carcinoma (NPC) is a malignancy arising from the nasopharyngeal 
epithelia.1 The past decades have witnessed remarkable progress in imaging 
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modalities and radiotherapy techniques. Non-metastatic 
NPC has become a highly curable disease, especially in 
patients with early-stage NPC. However, 70–80% of NPC 
patients are not diagnosed until they have progressed to 
advanced disease stages.2 In the era of intensity-modulated 
radiotherapy (IMRT), induction chemotherapy (ICT) com-
bined with concurrent chemoradiotherapy (CCRT) has 
emerged as the standard treatment strategy for patients 
with advanced-stage NPC.3–5

Current clinical decision-making for NPC is deter-
mined primarily according to the anatomical-based tumor 
node metastasis (TNM) stage.6 However, this strategy is 
insufficient for predicting survival outcomes or treatment 
benefits and cannot reflect the cancer properties that drive 
biological aggressiveness and metastatic potential.1 

Patients with identical TNM stages who are treated with 
the same standard care could present heterogeneous survi-
val outcomes. Identifying those patients who are most 
suitable for intensified ICT would allow for the early 
modification of treatment strategies, which is vital for 
maximizing the curative benefits, minimizing therapeutic 
toxicities,7,8 and represents a crucial approach for promot-
ing the goal of precision oncology. We are in urgent need 
of effective tools that can identify which patients would 
most likely benefit from additional ICT.

Cancer is typically recognized as an inflammatory 
disease.9 Cancer-related inflammation biomarkers serve as 
hallmark features of cancer initiation and progression.10–13 In 
addition to plasma Epstein Barr virus (EBV) DNA, many 
circulating inflammatory biomarkers have been identified as 
significant prognostic factors, independent of current clini-
copathological NPC characteristics, such as lactic dehydro-
genase (LDH), the C-reactive protein (CRP)/albumin (ALB) 
ratio, and the neutrophil-to-lymphocyte ratio (NLR).14–22 

These biomarkers are commonly used to predict prognosis 
and improve the performance of predictive NPC models. The 
limitation of these studies was that they typically investigated 
only one or a few biomarkers at a time. Insufficient sample 
sizes and the application of different cutoff values across 
these studies may result in inconsistent results. Although 
various parameters can be used to measure systemic inflam-
mation, no study has investigated these biomarkers in aggre-
gate or developed models to incorporate multiple biomarker 
findings into clinical decision-making processes. Previous 
studies conducted in NPC have demonstrated that converting 
multiple biomarkers into a single prognostic signature can 
improve prediction performance compared to individual bio-
marker analyses.23–26

In this study, we sought to evaluate the prognostic and 
predictive value of a circulating inflammation signature 
(CISIG), determined using a panel of inflammation- 
related biomarkers. We also utilized the CISIG to develop 
a potential prognostic model for predicting disease-free 
survival (DFS) in patients with non-metastatic NPC. 
Finally, we investigated the potential role of the CISIG 
to guide the application of individualized ICT.

Methods
Study Participants
The participants included in this study were patients with 
histologically confirmed NPC who were treated with definitive 
radiotherapy using the IMRT technique between 2012 and 
2017. We excluded patients with metastatic disease at presen-
tation and patients with previous or synchronous malignant 
tumors. Patient data regarding demographics, clinicopatholo-
gical characteristics, and treatment information were extracted 
from the digital medical database. This retrospective cohort 
study was conducted in accordance with the Declaration of 
Helsinki. We obtained approval from the Institutional Ethics 
Committee of Sun Yat-Sen University Cancer Center. 
Informed consent was waived due to this study’s retrospective 
nature and the anonymized processing of patient data.

Laboratory Measurements
Baseline hematological and biochemical tests were measured 
with fasting blood samples in all patients before the initiation 
of any treatments. Routine biochemical measures were per-
formed using an automated immunoturbidimetric analyzer 
7600–020 (Hitachi High-Technologies, Tokyo, Japan). 
Blood cell counting and classification were detected using 
the fully automated hematology analyzer Sysmex XE-5000 
(Sysmex, Kobe, Japan). The circulating EBV DNA concen-
trations were measured using quantitative polymerase chain 
reaction (PCR). The classifications of EBV DNA were per-
formed as described in a previous study.15 In this study, we 
focused on ten candidate circulating inflammation-related 
biomarkers, including hyaluronidase (HA), collagen IV 
(CIV), laminin (LN), procollagen III (PIIINP), NLR, plate-
let-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte 
ratio (LMR), high-density lipoprotein (HDL), LDH, and the 
CRP/ALB ratio. These selected circulating inflammatory 
biomarkers have been extensively investigated in NPC or 
other types of cancers and are highly correlated with survival 
outcomes.14–22,27–31 These candidate biomarkers were cost- 
effective and easily measured.
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Treatment and Outcome
The disease stage was categorized according to the 
American Joint Committee on Cancer TNM Manual (7th 
edition). All patients were treated with radical IMRT as the 
primary treatment. The prescribed radiation doses were 
66–72 Gy for the primary tumor and 60–70 Gy for the 
involved cervical region, at fractions of 30 to 35. Most of 
the patients (91.5%) received platinum-based chemother-
apy, including 579 (50.4%) patients who received ICT plus 
CCRT and 472 (41.1%) patients who received CCRT 
alone. Detailed information on treatment protocol or the 
treatment allocation was described in a previous 
publication.32 The primary endpoint of the current study 
was DFS. DFS was defined as the interval between diag-
nosis and disease progression or death due to any cause. 
Patients lost to follow-up were censored at the date of the 
last contact.

Statistical Analysis
Participants were randomly assigned to the training and 
validation cohorts, aiming for a crude ratio of 6:4, using 
the R package “caret.” Maximally selected rank statistics 
were used to determine the optimal cutoff values for inflam-
mation-related biomarkers, using the function provided in 
R package “survminer.” The least absolute shrinkage and 
selection operator (LASSO) Cox regression, using 10-fold 
cross-validation as provided in the R package “glmnet,” 
was applied to select the most useful prognostic markers 
among the ten considered inflammation-related biomarkers 
in the training cohort. The selected prognostic markers and 
their respective LASSO regression coefficients were further 
used to construct the CISIG. We estimated survival prob-
abilities using the Kaplan–Meier method. The prognostic 
value of CISIG and clinicopathologic factors were assessed 
using Cox proportional hazards models. Variables with P < 
0.05 in the univariate analyses were entered into the further 
multivariate analysis. Forward-backward stepwise multi-
variate analyses were applied to explore independent pre-
dictors. The final multivariate model was selected based on 
the minimum Akaike Information Criterion (AIC) and used 
to construct the CISIG-based nomogram. The performance 
of the nomogram was assessed based on discrimination, 
calibration, and clinical usefulness. Discrimination was 
measured using the concordance index (C-index), calibra-
tion was assessed using the calibration curve, and clinical 
usefulness was evaluated by decision curves analysis 
(DCA).33 The bootstrap resampling method with 1000 

repetitions was applied for internal validation. Another 
independent cohort was subsequently evaluated to validate 
the nomogram. To exclude underlying selection bias in the 
treatment assignments, a 1:1 ratio propensity score match-
ing (PSM) paradigm was applied to the training and valida-
tion cohorts to derive balanced treatment cohorts (CCRT vs 
ICT + CCRT and limited to Stage III/IV; patients with 
radiotherapy alone were excluded). To examine the poten-
tial role played by the CISIG in guiding individualized ICT, 
we tested the interaction between CISIG and the ICT treat-
ment effect. The stratified treatment effects of ICT were 
explored in the matched training and validation cohorts.

All statistical analyses and model productions were 
performed in R version 3.6.3 (R Foundation for statistical 
computing, Vienna, Austria). A two-tailed P < 0.05 was 
considered significant.

Results
Participant Characteristics
A schematic illustration of the study design is presented in 
Figure 1. In total, 1149 patients who received radical 
IMRT for non-metastatic NPC were included. The study 
population was randomized into training and validation 
cohorts. Patient characteristics for the training and valida-
tion cohorts are shown in Table 1. The median follow-up 
time of the study population was 47.5 months (interquar-
tile range [IQR], 46.1–49.4 months). Overall, 134 (11.7%) 
patients died from all causes, and 261 (22.7%) patients 
experienced treatment failure. The 3-year DFS in the train-
ing and validation cohorts were 79.9% and 80.2%, 
respectively.

Construction of the CISIG
The optimal cutoffs for the examined inflammatory mar-
kers determined by maximally selected rank statistics and 
the DFS curves stratified by these cutoffs are presented in 
Figure S1a–j. The ten considered markers were reduced 
to the nine most useful prognostic markers using LASSO 
Cox regression, including HA, LN, PIIINP, NLR, PLR, 
LMR, HDL, LDH, and CRP/ALB (Figure 2A and B). 
The optimal cutoffs and respective LASSO regression 
coefficients of the selected markers are presented in 
Table S1.

Prognostic Value of CISIG
The distribution of CISIG in the training cohort is pre-
sented in Figure 3A. In the univariate Cox analysis, 
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CISIG was identified as an unfavorable prognostic factor 
(hazard ratio [HR]: 3.08, 95% confidence interval [CI]: 
2.27–4.19; P < 0.001; Table 2). An increase in the CISIG 
was associated with a decrease in the estimated 3-year 
and 5-year DFS probabilities (Figure 3B). We classified 
patients into low- or high-value CISIG groups using 
a cutoff point (−0.2) determined by the maximally 
selected rank statistics (Figure S2). Patients with high 
CISIG values were associated with unfavorable clinico-
pathological characteristics in both the training (Table 
S2) and validation (Table S3) cohorts. Kaplan–Meier 
analyses revealed that patients with high CISIG group 
were associated with worse 3-year DFS than those in the 
low CISIG group in both the training (67.5% vs 88.3%, 
P < 0.001, Figure 4A) and validation cohorts (72.3% vs 
85.1%, P < 0.001, Figure 4B).

Predictive Value of CISIG
Both CISIG and clinicopathological variables were con-
sidered during the development of the prediction model. 
The final model, which featured the minimal AIC value 
(1892.32) in the stepwise multivariate Cox regression 
analysis for the training cohort, was selected to con-
struct a CISIG-based nomogram. The variables included 
in the nomogram were age, smoking status, histology, 
clinical stage, EBV DNA level, and CISIG value 
(Figure 5A). The nomogram showed good discrimina-
tion in the training cohort, with a C-index of 0.726 
(95% CI: 0.693–0.779, Table 3), which was significantly 
higher than those for other traditional prognostic factors. 
The calibration curves plotted at the 1-, 3-, and 5-year 
time points showed good agreement between the nomo-
gram-predicted DFS probability and the observed DFS 

Step 1: Signature Construction            Step 2:  Prognostic Value and Nomogram Construction           Step 3: Identifying Suitable ICT Beneficiaries

…

Training Set
692 Patients

Validation Set 
457 Patients

1149 Patients
Random

Cox Regression Model
K-M Survival CurvesCirculating Inflammation 

Signature = ΣαiEi
Nomogram Construction 
Performance Evaluation

Validation

LDH

HA
NLR

LASSO Cox  Model

Stratified Treatment Effects

ICT+CCRT

CCRT

Optimal ICT 
Candidates

Candidate Inflammatory Markers
• Reported high-related prognosis 

markers in NPC
• Implicated in prognosis in other

types of cancers
• Cost-effective and easily measured

Figure 1 Schematic illustration of the study design.
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Table 1 Patient Characteristics

Variables Total (N=1149) (N=1149) Training Cohort (N=692) (N=692) Validation Cohort (N=457) (N=457) P-value

Age, median [IQR] 45 [38, 52] 45 [38, 52] 45 [37, 52] 0.705

Sex 0.942

Female 298 (25.9) 180 (26.0) 118 (25.8)

Male 851 (74.1) 512 (74.0) 339 (74.2)

BMI, median [IQR] 19.60 [18.69, 21.09] 19.60 [18.69, 20.87] 19.60 [18.47, 21.09] 0.818

Smoking

No 668 (58.1) 410 (59.2) 258 (56.5) 0.348

Yes 481 (41.9) 282 (40.8) 199 (43.5)

Histology 1.000

Type I 7 (0.6) 4 (0.6) 3 (0.7)

Type II 1142 (99.4) 688 (99.4) 454 (99.3)

T stage 0.678

T1 61 (5.3) 36 (5.2) 25 (5.5)

T2 80 (6.9) 48 (6.9) 32 (7.0)

T3 668 (58.1) 394 (56.9) 274 (60.0)

T4 340 (29.6) 214 (30.9) 126 (27.6)

N stage 0.225

N0 124 (10.8) 81 (11.7) 43 (9.4)

N1 409 (35.6) 256 (37.0) 153 (33.5)

N2 391 (34.0) 222 (32.1) 169 (37.0)

N3 225 (19.6) 133 (19.2) 92 (20.1)

Clinical stage 0.483

I 22 (1.9) 15 (2.2) 7 (1.5)

II 64 (5.6) 42 (6.1) 22 (4.8)

III 554 (48.2) 323 (46.7) 231 –(50.5)

IV 509 (44.3) 312 (45.1) 197 (43.1)

EBV DNA level

0–999 600 (52.2) 375 (54.2) 225 (49.2) 0.431

1000–9999 279 (24.3) 163 (23.6) 116 (25.4)

10,000–99,999 196 (17.1) 111 (16.0) 85 (18.6)

100,000–999,999 62 (5.5) 38 (5.5) 25 (5.5)

≧1,000,000 11 (1.0) 5 (0.7) 6 (1.3)

HA, median [IQR] 49.56 [38.42, 66.47] 49.05 [38.88, 67.10] 50.08 [37.20, 64.73] 0.699

CIV, median [IQR] 20.63 [15.64, 24.54] 20.56 [15.78, 24.43] 20.65 [15.44, 24.62] 0.994

LN, median [IQR] 22.34 [14.83, 30.19] 22.84 [14.99, 29.99] 22.25 [14.24, 30.40] 0.976

PIIINP, median [IQR] 19.58 [15.55, 23.29] 19.65 [15.63, 23.25] 19.47 [15.51, 23.42] 0.814

NLR, median [IQR] 2.21 [1.67, 3.00] 2.21 [1.64, 2.99] 2.23 [1.71, 3.07] 0.442

PLR, median [IQR] 132.1 [102.9, 169.4] 130.5 [101.6, 166.4] 134.6 [104.6, 173.8] 0.203

LMR, median [IQR] 4.00 [3.17, 5.25] 4.20 [3.25, 5.37] 4.00 [3.00, 5.00] 0.007

HDL, median [IQR] 1.21 [1.02, 1.43] 1.22 [1.05, 1.45] 1.19 [1.01, 1.40] 0.040

LDH, median [IQR] 169.4 [151.5, 193.7] 168.7 [149.8, 191.7] 171.5 [152.5, 196.6] 0.104

CRP/ALB, median [IQR] 0.03 [0.02, 0.08] 0.04 [0.02, 0.07] 0.03 [0.01, 0.08] 0.738

Abbreviations: IQR, interquartile range; BMI, body mass index; EBV DNA, Epstein–Barr virus DNA; HA, hyaluronidase; CIV, IV collagen; LN, laminin; PIIINP, procollagen 
III; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; HDL, high-density lipoprotein; LDH, lactate dehydrogenase; 
CRP/ALB, C-reactive protein (CRP) to albumin ratio.
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rate (Figure 5B). DCA at the 3- and 5-year time points 
revealed that the developed nomogram conferred more 
significant benefits than both the treat-all-patients 

scheme and the treat-no-patients scheme if the threshold 
probabilities of a patient or physician ranged from 0.1 to 
0.7 (Figure S3a and b). The independent validation 
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Figure 2 Circulating inflammation signature selection using LASSO Cox regression. (A) Tuning parameter lambda (λ) selection in the LASSO method using ten-fold cross- 
validation via minimum criteria. (B) LASSO coefficient profiles of the candidate inflammatory markers.
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cohort provided external confirmation that the developed 
nomogram featured good discrimination (C-index: 
0.695; 95% CI: 0.640–0.750, Table 3), excellent calibra-
tion (Figure 5C), and clinical usefulness (Figure S3c 
and d).

Potential Role for Individualized ICT
The analysis of the potential role of CISIG in identifying 
patients who may benefit from ICT was limited to patients 
with Stage III or IV disease who received CCRT or ICT 
plus CCRT (n = 1010). To exclude potential underlying 
selection bias during treatment assignments, we applied 
PSM at a 1:1 ratio for both the training and validation 
cohorts to obtain balanced treatment cohorts (CCRT vs 
ICT + CCRT). The PSM procedure resulted in two well- 
balanced cohorts (Table S4 and S5). We found 
a significant interaction (P for interaction = 0.036) 
between CISIG and the ICT treatment effect in the 
matched population derived from the training cohort. We 
further stratified the treatment effects of ICT in the two 

matched cohorts and examined the associations with 
CISIG. Interestingly, in the PSM cohorts, CISIG was 
able to identify individuals with the potential to benefit 
from ICT. Patients with high CISIG values did not benefit 
from ICT (training cohort: P = 0.720; validation cohort: 
P = 0.660; Figure S4). By contrast, patients with low 
CISIG values significantly benefited from the ICT (train-
ing cohort: P = 0.020; validation cohort: P = 0.042).

Discussion
The accurate estimation of benefits derived from intensified 
ICT is crucial for decision-making when designing treatment 
strategies for patients with advanced-stage NPC. In the 
current study, which involved more than 1000 participants, 
we found that the CISIG value obtained from a panel of 
circulating inflammatory biomarkers correlated with NPC 
progression. Elevated CISIG was associated with unfavor-
able clinical characteristics and worse prognoses. We devel-
oped and validated a CISIG-based prediction model that can 
be used for the individual prediction of DFS in patients with 
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NPC. The CISIG level can be used to distinguish 
a subpopulation of NPC patients that might benefit from 
additional ICT and might serve as a helpful tool that con-
tributes to treatment decisions in daily clinical practice.

Plasma EBV DNA is the most widely used ctDNA 
marker in current clinical practice. Plasma EBV DNA 

has been shown to serve as an independent prognostic 
biomarker in NPC.1,34 The combination of EBV DNA 
levels with clinicopathological variables added more 
value to both prognostic prediction and clinical 
application.15,35 Evidence from the reported literature has 
shown that pre-treatment EBV DNA levels can be used to 

Table 2 The Results of Univariate and Stepwise Multivariate Analyses in the Training Cohort

Variables Univariate Model Multivariate Model

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

Age 0.082

≤45 Reference Reference
>45 1.627 (1.186–2.233) 0.003 1.332 (0.964–1.839)

Sex Not selected NA
Female Reference

Male 1.629 (1.094–2.424) 0.016

Body mass index 1.002 (0.915–1.097) 0.967 NA NA

Smoking <0.001 0.002
No Reference Reference

Yes 2.005 (1.464–2.745) 1.675 (1.215–2.309)

Histology 0.001

Type I Reference Reference

Type II 0.158 (0.050–0.496) 0.002 0.136 (0.042–0.439)

T stage Not selected NA
T1 Reference

T2 1.701 (0.512–5.649) 0.386

T3 2.080 (0.762–5.681) 0.153
T4 3.697 (1.347–10.15) 0.011

N stage Not selected NA
N0 Reference

N1 1.454 (0.755–2.800) 0.263

N2 2.376 (1.248–4.522) 0.008
N3 2.641 (1.352–5.159) 0.004

Clinical stage
I Reference Reference

II 1.936 (0.226–16.57) 0.546 2.600 (0.300–22.49) 0.386

III 3.093 (0.428–22.34) 0.263 3.179 (0.437–23.11) 0.253
IVa 6.147 (0.857–44.11) 0.071 4.849 (0.668–35.19) 0.118

EBV DNA level
0–999 Reference Reference

1000–9999 2.095 (1.427–3.076) <0.001 1.717 (1.156–2.550) 0.007

10,000–99,999 2.349 (1.547–3.566) <0.001 2.016 (1.307–3.109) 0.002
100,000–999,999 2.354 (1.310–4.229) 0.004 1.804 (0.990–3.288) 0.054

≥1,000,000 6.991 (2.187–22.35) <0.001 4.191 (1.295–13.56) 0.017

CISIG 3.083 (2.268–4.191) <0.001 2.653 (1.933–3.642) <0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; EBV DNA, Epstein–Barr virus DNA; CISIG, circulating inflammation signature.
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perform risk stratification and might help identify patients 
who might benefit from ICT.35–40 However, these studies 
failed to provide a consistent and accurate predictive esti-
mation of the benefit derived from additional ICT when 
using EBV DNA as a stratification tool. This inconsistency 
may be due to several reasons. First, not all NPC patients 
have detectable plasma EBV DNA levels, and the propor-
tion of EBV-related NPC varies with geographic location. 
In endemic regions, 17.2–29.3% of all newly diagnosed 
NPC patients have undetectable circulating EBV.41,42 

Second, large interlaboratory variability in the detection 
of circulating EBV DNA is also a factor, even when using 
the same PCR assay and identical procedures without 
harmonization.43 Third, although pre-treatment plasma 
EBV DNA levels reflect the tumor burden and correlate 
with prognosis, the kinetics of circulating EBV DNA dur-
ing chemoradiotherapy might add more prognostic value 
and identify distinct prognostic subtypes.34,44,45 

A longitudinal baseline EBV DNA lacks the ability to 
reflect the response to treatment. These issues demonstrate 
the considerable need to identify additional biomarkers 
that can be used to predict prognosis or estimate treatment 
effects. In this study, the CISIG value was shown to be 
a promising prognostic factor, independent of a variety of 
known prognostic factors. CISIG showed more accuracy 
for the prediction of DFS probability than traditional prog-
nostic factors. The integration of CISIG with traditional 
prognostic factors exhibited the potential for a more 

comprehensive assessment of tumor status, which could 
supplement traditional clinical stratification.

The association between cancer-related inflammation 
markers and poor survival outcomes has been well- 
studied in previous studies.14–22,46 Published biomarker- 
related studies have been designed specifically for the 
assessment of one or a few markers. However, estimates 
of the risk associated with specific inflammatory markers 
are not always equal. For example, NLR has been shown 
to be an independent prognostic factor in several 
studies;16,21,22 however, in a pooled analysis of two clin-
ical trials, Chua and colleagues found that NLR failed to 
add prognostic value to conventional clinical variables 
when identifying patients with unfavorable prognoses.47 

Similar phenomena have been observed for other inflam-
matory markers in various contexts, such as LMR, CRP, 
and LDH. These inconsistent results could be partially 
explained by heterogeneous study populations, the appli-
cation of different cutoff values, and variations in sample 
sizes. The variability associated with the validation of 
specific biomarkers as independent prognostic factors and 
the similarity in the biological landscape of markers has 
raised great interest in the integration of multiple biomar-
kers into a single model. Compared with one or few 
markers, the integration of multiple markers into a single 
model improves prognostic value substantially.14,48–51 Our 
results were in line with the reported literature. In this 
study, we developed a CISIG based on a panel of 
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inflammatory biomarkers, which was more potent than 
traditional models for the estimation of DFS in patients 
with NPC.

The mechanism of cancer-related inflammation- 
induced NPC progression is not clearly understood. 
Many basic scientists view cancer-related inflammation 
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Table 3 C-Indices and Corresponding 95% CIs of All Prognostic Models

Models Training Cohort Validation Cohort Bootstrap Resampling

Clinical stage 0.605 (0.542–0.649) 0.565 (0.510–0.621) 0.607 (0.563–0.650)

EBV DNA classifications 0.627 (0.581–0.673) 0.597 (0.538–0.655) 0.631 (0.584–0.677)

CISIG 0.684 (0.639–0.729) 0.657 (0.599–0.716) 0.684 (0.637–0.731)
Nomogram 0.726 (0.693–0.779) 0.695 (0.640–0.750) 0.740 (0.699–0.783)

Abbreviations: C-index, concordance index; CI, confidence interval; EBV DNA, Epstein–Barr virus DNA; CISIG, circulating inflammation signature.
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as a local immunoreaction observed at the tumor site, 
which usually precedes tumor formation and contributes 
to its progression.11 By contrast, clinicians regard cancer- 
related inflammation as a continuing and inappropriate 
systemic reaction to malignancy that leads to a series of 
paraneoplastic symptoms. In the present study, we demon-
strated that the developed CISIG, which was based on 
various inflammatory biomarkers, could be used as 
a versatile predictor of NPC progression. The developed 
CISIG provides the potential to determine NPC aggres-
siveness and the likely responses to treatment. Notably, the 
developed CISIG could identify those patients who might 
benefit from the additional ICT. Patients with low CISIG 
values might represent the optimal ICT candidates.

Several limitations relevant to the interpretation of this 
study should be noted. First, although the results were 
internally validated, future collaborations to perform mul-
ticenter analyses and the external validation of these find-
ings would strengthen the transparency and robustness of 
these associations. Second, systemic inflammation consists 
of a range of markers, including circulating cytokines, 
small inflammatory proteins, circulating immune cells, 
and acute-phase proteins.11 Not all these markers were 
considered in the construction of the CISIG in this study 
due to cost considerations. However, the selected inflam-
matory markers were prospectively collected and were 
identified as the most clinically relevant and low-cost 
biomarkers, which added to the validity of the study 
design. Third, the study population was derived from 
EBV endemic areas, where EBV-associated NPC and non-
keratinizing NPC are common.1 The generalization of our 
results to patients from low-risk regions should be applied 
with caution, and further study is warranted.

Conclusion
In conclusion, we demonstrated that the developed CISIG, 
based on a panel of circulating inflammatory biomarkers, 
adds prognostic information for patients with non- 
metastatic NPC. The proposed CISIG-based tools could 
offer individualized risk estimation that may help identify 
those patients who might benefit from intensified ICT.
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