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Purpose: We aimed to develop a simple scoring system based on baseline inflammatory and 
nutritional parameters to predict the efficacy of first-line chemotherapy and survival out-
comes for de novo metastatic nasopharyngeal carcinoma (mNPC).
Patients and Methods: We retrospectively collected ten candidate inflammatory and nutri-
tional parameters from de novo mNPC patients who received platinum-based first-line chemother-
apy treatment. We examined the effects of these ten candidate variables on progression-free 
survival (PFS) using the Cox regression model. We built a risk-scoring system based on the 
regression coefficients associated with the identified independent prognostic factors. The predictive 
accuracy of the scoring system was evaluated and independently validated.
Results: A total of 460 patients were analyzed. Four independent prognostic factors were 
identified in a training cohort and were used to construct the scoring system, including 
nutritional risk index, C-reactive protein level, alkaline phosphatase level, and lactate 
dehydrogenase level. Based on the score obtained from the scoring system, we stratified 
patients into three prognostic subgroups (low: 0–1 point, intermediate: 2–3 points, and high: 
4 points) associated with significantly different disease control rates (94.7% vs. 92.5% vs. 
66.0%, respectively) and survival outcomes (3-year PFS: 55.8% vs. 29.1% vs. 11.9%, 
respectively). The scoring system had a good performance for the prediction of short-term 
disease control (area under the receiver operating characteristic curve [AUC]: 0.701) and 
long-term survival outcomes (time-dependent AUC for 5-year PFS: 0.713). The results were 
internally validated using an independent cohort (AUC for predicting disease control: 0.697; 
time-dependent AUC for 5-year PFS: 0.713).
Conclusion: We developed and validated a clinically useful risk-scoring system that could 
predict the efficacy of first-line chemotherapy and survival outcomes in de novo mNPC 
patients. This system may help clinicians to design personalized treatment strategies.
Keywords: metastatic nasopharyngeal carcinoma, nutritional status, cancer-related 
inflammation, chemotherapy efficacy, survival outcomes

Introduction
Epstein-Barr virus (EBV) infection is the predominant etiologic factor for the 
development of nasopharyngeal carcinoma (NPC). This virus-related cancer repre-
sents a typical “inflamed tumor”, which often exhibits the massive infiltration of 
lymphocytes and inflammatory stroma.1 Cancer-related inflammation is frequently 
considered to be a cardinal feature of malignancy, contributing to cancer initiation, 
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development, and progression.2–4 Many lines of evidence 
have demonstrated that cancer patients with systemic 
inflammation are characterized by inadequate antitumor 
responses and unfavorable outcomes compared with 
those patients without systemic inflammation.4–13

In addition to systemic inflammation, the nutritional 
status of cancer patients is another aspect that can affect 
antitumor treatment efficacy. Several nutritional indexes, 
such as the prognostic nutritional index (PNI), nutritional 
risk index (NRI), and controlling nutritional status 
(CONUT) score, have been closely correlated with treat-
ment-related complications, therapeutic responses, and 
clinical outcomes in various cancer types, including 
NPC.13–19 Malnourished patients suffer more from treat-
ment-related side effects, resulting in worse quality of life, 
insufficient treatment intensity, and poor prognoses.

Currently, platinum-based systemic chemotherapy is 
a mainstay, first-line treatment for de novo mNPC, as 
recommended by the National Comprehensive Cancer 
Network (NCCN) guidelines.20 Our previous work and 
an updated clinical trial have confirmed that additional 
locoregional radiotherapy can significantly improve survi-
val among those who show satisfactory first-line che-
motherapy responses.21,22 However, roughly 35% of all 
de novo mNPC patients do not exhibit satisfactory 
responses to first-line chemotherapy. These patients repre-
sent an under-appreciated subgroup that might require 
more intense therapy. The identification of these patients 
is crucial for the timely modification of treatment regimens 
and individualized recommendations. However, no vali-
dated biomarkers or clinically appliable tools exist that 
are capable of predicting the efficacy of first-line che-
motherapy among patients with de novo mNPC. Thus, 
this study aimed to develop and validate a simple scoring 
system based on a panel of baseline inflammatory and 
nutritional parameters to allow clinicians to predict the 
efficacy of first-line chemotherapy and enable patients 
with de novo mNPC to be stratified prior to therapy 
initiation.

Methods
Patients and Study Design
A flowchart showing the patient enrollment strategy and 
inclusion criteria is illustrated in Figure S1. A total of 
1067 consecutive patients with mNPC who received pla-
tinum-based chemotherapy as the first-line treatment at 
Sun Yat-Sen University Cancer Center (SYSUCC) 

between January 2008 and December 2015 were initially 
evaluated for study inclusion. We excluded those patients 
with (i) asynchronous metastasis after curative treatment 
(n = 546); (ii) uncertain TNM (tumor, node, metastasis) 
classifications (n = 3); (iii) previous history of anticancer 
treatment (n = 18); (iv) unconfirmed histology (n = 3); (v) 
fewer than two cycles of first-line chemotherapy (n = 7); 
(vi) previous or synchronous malignant tumors (n = 9); 
and (vi) missing or unmeasurable radiological evaluation 
data (n = 21). Finally, 460 eligible patients were enrolled 
in this study. This study was performed following all 
institutional guidelines. The Chinese Ethics Committee of 
Registering Clinical Trials approved this study (registra-
tion number: ChiCTR2100042432). Informed consent was 
waived due to the retrospective nature of the study and the 
anonymization of patient data.

Variables of Interest
Candidate inflammatory and nutritional parameters were 
selected for the development of the scoring system after 
a review of the literature. This study focused on ten 
indexes, including lactate dehydrogenase (LDH) levels, 
C-reactive protein (CRP) levels, alkaline phosphatase 
(ALP) levels, the neutrophil to lymphocyte ratio (NLR), 
the platelet-lymphocyte ratio (PLR), Glasgow prognostic 
score (GPS), systemic immune-inflammation index (SII), 
PNI, NRI, and CONUT scores. The LDH, CRP, and ALP 
levels, NLR, and PLR were obtained from routine labora-
tory findings. The SII was calculated as platelets × NLR. 
The PNI was calculated as albumin (g/L) + 5 × lympho-
cyte counts (109/L). The NRI was calculated as 1.489 × 
albumin (g/L) + 41.7 × (weight/usual body weight).23 The 
GPS and CONUT scores were determined using the scor-
ing systems described in Tables S1 and S2 (available in 
Supplementary Materials). Besides, other conventional 
variables, including demographic (age and sex), clinical 
(comorbidity and body mass index), tumor (histology, 
TNM classifications, number of metastatic sites, number 
of metastatic lesions, and metastases sites), and laboratory 
(pretreatment EBV DNA titer) variables were also 
included in the analysis.

Treatments and Outcomes
The treatment information for the study population has 
previously been described in detail elsewhere.21 This 
study’s primary outcome was progression-free survival 
(PFS), which was defined as the time interval between 
first-line chemotherapy initiation and tumor progression 
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or death for any cause, whichever occurred first. The 
secondary outcome measures were overall survival (OS) 
and the disease control rate (DCR). OS was defined as the 
time interval between chemotherapy commencement and 
all-cause mortality. We censored patients who were lost to 
follow-up at the date of the last contact. Tumor responses 
were assessed using the revised Response Evaluation 
Criteria in Solid Tumors (RECIST v1.1).24 Tumor assess-
ments were performed every two chemotherapy cycles, 
starting with the initiation of first-line chemotherapy until 
progression or the start of another anticancer treatment. 
The DCR referred to the proportion of patients whose 
investigator-assessed, best overall response during first- 
line chemotherapy was complete response (CR), partial 
response (PR), or stable disease (SD).

Statistical Analysis
The current study was performed in two stages. During the 
first stage, a risk scoring system was developed to predict the 
response to first-line chemotherapy and therapeutic outcomes. 
During the second stage, the scoring system was validated. We 
designed the scoring system using a training cohort (n = 296) 
comprising patients who underwent first-line chemotherapy 
between January 2008 and December 2013. The scoring sys-
tem was independently validated in a validation cohort 
(n = 164), which included consecutive patients who received 
treatment between 2014 and 2015.

During the first stage, we examined the impacts of ten 
candidate inflammatory and nutritional variables on PFS to 
build a risk-scoring system. We categorized candidate con-
tinuous variables using the optimal cutoff determined by 
Maximally Selected Rank Statistics. Cox proportional 
hazards models were conducted to evaluate each candidate 
index’s prognostic value and to calculate the corresponding 
hazard ratio (HR). All variables with a P-value < 0.05 were 
entered into the following step-wise multivariable analysis. 
Model selection was based on the Akaike Information 
Criterion (AIC).25 The AIC was first introduced in 1971 by 
Hirotugu Akaike. The AIC is an estimator that can be used to 
evaluate how well a model fits the data. In statistics, the AIC 
is used to compare the relative quality of various statistical 
models for a given dataset to determine the model with the 
best fit. Multicollinearity diagnostics for statistical modeling 
were conducted by evaluating the correlations, variance 
inflation factors, and eigenvalues. We assigned weighted 
scores proportional to β regression coefficients for each 
independent risk factor that was identified in the step-wise 
multivariate analysis to develop the risk-score system. For 

added convenience, each score was rounded to the nearest 
integer. We calculated the risk score for each patient based on 
the developed scoring system. We then stratified the patients 
into three categories according to the total score: low-, inter-
mediate-, and high-risk. During the second stage, we applied 
the developed risk-scoring system to an independent valida-
tion dataset. A risk score for each patient was calculated 
based on the developed scoring system, and risk stratification 
was performed for each patient in the validation cohort.

For both the training and validation datasets, the dis-
tribution of tumor response rates and the DCR trends 
between the three risk groups were evaluated using the 
χ2 test and the Cochran Armitage trend test, respectively. 
The scoring system’s performance for predicting the DCR 
was assessed using the area under the receiver operating 
characteristic (ROC) curve (AUC) and was compared 
against other variables. As an internal analysis, PFS and 
OS were estimated using the Kaplan-Meier approach, and 
survival differences among the three risk groups were 
compared using the Log rank test. The HRs for each risk 
stratification group were calculated either alone or 
adjusted for confounding factors. The adjusted HRs were 
calculated using the multivariable Cox regression analysis 
with the enter method. Missing pretreatment EBV DNA 
values were imputed using a multivariable imputation by 
chained equations algorithm before the performance of 
multivariable modeling.26 Time-dependent ROC curve 
analysis was used to assess the scoring system’s perfor-
mance for the prediction of PFS and OS. The Gronnesby 
and Borgan goodness-of-fit test for the Cox proportional 
hazards model was applied to evaluate the goodness-of-fit 
of the risk scoring system, similar to the Hosmer– 
Lemeshow test for logistic regression.

All statistical analyses were performed using 
R software, version 4.0.3 (The R Foundation, Vienna, 
Austria). A P-value of less than 0.05 was considered 
significant.

Results
Patient Characteristics of Training and 
Validation Cohorts
A total of 460 eligible patients with de novo mNPC who 
received platinum-based chemotherapy as a first-line treat-
ment between January 2008 and December 2015 were ana-
lyzed in this study (Figure S1). The baseline characteristics 
for both the training and validation datasets are summarized 
in Table 1. The patient characteristics were comparable 
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Table 1 Comparison of Baseline Characteristics Between the Training and Validation Datasets

Variable Total (N=460) Training Set (N=296) Validation Set (N=164) P-value

Age (year), median [IQR] 46 [39–54] 46 [39–55] 46 [40–53] 0.859

Sex 1.000

Female 69 (15.0) 44 (14.9) 25 (15.2)

Male 391 (85.0) 252 (85.1) 139 (84.8)

Comorbidity 0.566

Absent 322 (70.0) 204 (68.9) 118 (72.0)

Present 138 (30.0) 92 (31.1) 46 (28.0)

BMI (kg/m2), median [IQR] 20.8 [18.7–23.4] 20.8 [18.7–23.2] 21.1 [19.0–23.9] 0.370

Histology 0.645

Type II 18 (3.91) 13 (4.39) 5 (3.05)

Type III 442 (96.1) 283 (95.6) 159 (97.0)

T category 0.262

T1–2 84 (18.3) 59 (19.9) 25 (15.2)

T3–4 376 (81.7) 237 (80.1) 139 (84.8)

N category 0.170

N0–1 87 (18.9) 62 (20.9) 25 (15.2)

N2–3 373 (81.1) 234 (79.1) 139 (84.8)

No. of metastatic sites 0.180

Single 303 (65.9) 202 (68.2) 101 (61.6)

Multiple 157 (34.1) 94 (31.8) 63 (38.4)

No. of metastatic lesions 0.827

Single 97 (21.1) 61 (20.6) 36 (22.0)

Multiple 363 (78.9) 235 (79.4) 128 (78.0)

Liver metastasis 0.403

Absent 307 (66.7) 193 (65.2) 114 (69.5)

Present 153 (33.3) 103 (34.8) 50 (30.5)

Bone metastasis 0.799

Absent 155 (33.7) 98 (33.1) 57 (34.8)

Present 305 (66.3) 198 (66.9) 107 (65.2)

Lung metastasis 0.655

Absent 327 (71.1) 213 (72.0) 114 (69.5)

Present 133 (28.9) 83 (28.0) 50 (30.5)

Pretreatment EBV DNA 0.001

Negative 67 (14.6) 44 (14.9) 23 (14.0)

Positive 356 (77.4) 217 (73.3) 139 (84.8)

Missing 37 (8.0) 35 (11.8) 2 (1.2)

LDH (U/L), median [IQR] 209 [173–298] 207 [173–293] 211 [174–304] 0.417

CRP (mg/L), median [IQR] 3.93 [1.30–13.7] 3.78 [1.16–14.9] 4.17 [1.52–12.2] 0.649

ALP (U/L), median [IQR) 82.0 [68.2–101] 80.1 [67.9–99.2] 85.4 [69.7–105] 0.054

GPS 0.559

0 319 (69.3) 202 (68.2) 117 (71.3)

1–2 141 (30.7) 94 (31.8) 47 (28.7)

(Continued)
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between the two groups. As of the last follow-up date of 
June 30, 2019, the median follow-up time was 64.1 months 
(range: 3.1–127.6 months). The median OS was 33.6 months 
(95% CI, 27.9–40.0 months). After first-line chemotherapy, 
46 (10%) patients achieved a complete response (CR), and 
58 (12.6%) patients had experienced progression disease 
(PD). The DCR rate for first-line chemotherapy was 87.3%. 
We did not’ observe any significant difference in survival 
between the patients in the training and validation cohorts 
(median OS: 34.3 vs. 29.4 months, respectively; P = 0.120).

Development of Risk-Scoring System
First, we categorized the candidate continuous variables 
based on the optimal cutoff values, as determined by the 
Maximally Selected Rank Statistics in the training dataset. 
We evaluated the prognostic impacts of each candidate on 
PFS using the Kaplan-Meier method (Figures S2–S11). 
Those variables with a log-rank P-value of less than 0.05, 
including CRP, LDH, and ALP levels, GPS, SII, PNI, and 
NRI, were entered into the step-wise multivariable analysis. 
The independent risk factors (with P-values < 0.05) identi-
fied by the final model (with the lowest AIC of 1987.9) were 
selected for the scoring system, including NRI, CRP, ALP, 
and LDH levels. Multicollinearity diagnostic tests, includ-
ing pair-wise correlations, variance inflation factor plots, 
and Eigenvalue plots, showed no evidence of severe multi-
collinearity issues (Figures S12 and S13). We then assigned 
points proportional to the regression coefficients for each of 
the four prognostic factors to design a risk score (Figure 1). 
Here, 1 point was allocated to each of the four prognostic 
risk factors was allocated. Subsequently, the points corre-
sponding to the risk factors associated with each patient 

were summed to obtain a total risk score, which was named 
the prognostic nutrition and inflammation index (PNII) 
score. Finally, patients were categorized into low (0–1 
point), intermediate (2–3 points), and high (4 points) PNII 
groups based on their total risk scores.

Predictive Performance of PNII Score
The distribution of chemotherapeutic responses for each 
PNII category within the training cohort is illustrated in 
Figure 2A. A significant difference in response was 
observed across the three groups (χ2 test, P < 0.001). 
The rates of CR and PD among the low-, intermediate- 
and high-PNII score groups were 17.1% and 5.3%, 7.5% 
and 7.5%, and 2.1% and 34.0%, respectively. The DCR 
showed a significantly decreasing trend from the low- to 
high-PNII score groups (Cochran-Armitage trend test, 
P < 0.001, Figure 2B). The discriminative ability of 
the PNII score to predict short-term disease control, as 
measured by the AUC, was 0.701 (95% CI: 0.604–-
0.797, Figure 2C), which was significantly higher than 
the predictive abilities of any traditional baseline fac-
tors. Survival analyses based on PFS and OS, either 
crude or with adjustments, indicated that patients with 
higher PNII scores were significantly associated with 
unfavorable outcomes (Table S3). The 3-year PFS and 
OS probabilities for the low-, medium-, and high-PNII 
score subgroups were 55.8% and 69.1%, 29.1% and 
47.4%, and 11.9% and 18.6%, respectively (Figure 3A 
and B, all log-rank P < 0.001). As measured by the 
time-independent AUC, the predictive accuracies of the 
PNII score were 0.713 and 0.634 for 5-year PFS and 
OS, respectively (Figure 4A and B). In addition, the 

Table 1 (Continued). 

Variable Total (N=460) Training Set (N=296) Validation Set (N=164) P-value

NLR, median [IQR] 2.70 [1.92–3.79] 2.68 [1.88–3.75] 2.78 [1.96–3.80] 0.763

PLR, median [IQR] 142 [107–194] 141 [104–193] 143 [111–200] 0.917

SII, median [IQR] 648 [426–1056] 642 [416–1054] 665 [471–1059] 0.479

PNI, median [IQR] 52.2 [48.5–55.3] 52.2 [48.5–55.5] 52.3 [48.5–54.6] 0.487

NRI, median [IQR] 107 [102–112] 107 [101–112] 107 [102–112] 0.661

CONUT score 0.117

3–4 389 (84.6) 244 (82.4) 145 (88.4)

5–6 71 (15.4) 52 (17.6) 19 (11.6)

Note: Statistical comparisons of patient characteristics between groups were analyzed using the Mann–Whitney U-tests (for continuous variables) or χ2 tests (for categorical variables). 
Abbreviations: BMI, body mass index; EBV, Epstein-Barr virus; LDH, lactate dehydrogenase; CRP, C reactive protein; ALP, alkaline phosphatase; GPS, Glasgow prognostic 
score; NLR, neutrophil-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; PNI, prognostic nutritional index; NRI, nutrition risk 
index; CONUT score, controlling nutritional status score.
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PNII scores were well-calibrated, based on the 
Gronnesby and Borgan goodness-of-fit test (for PFS: 
χ2=5.8, P = 0.214; for OS: χ2=7.5, P = 0.110).

Validation of PNII Score
The distribution of chemotherapy responses for each risk 
subgroup in the validation cohort is shown in Figure 2D. 
A significant difference was observed across the three risk 
groups (χ2 test, P = 0.003). The rates of CR and PD for the 
low-, intermediate-, and high-PNII score groups were 20.7% 
and 6.9%, 9.9% and 9.9%, and 8.8% and 33.2%, respec-
tively. The DCR showed a significantly reducing trend from 
the low- to high-risk groups (Cochran-Armitage trend test, 
P < 0.001, Figure 2E). The discriminative ability of the PNII 
score for the prediction of short-term disease control, as 
measured by the AUC, was 0.697 (95% CI: 0.587–0.807, 
Figure 2F), which outperformed the discriminative abilities 
of other baseline factors. Survival analyses according to PFS 
and OS, either alone or adjusted, revealed that patients with 
higher PNII scores were significantly associated with poor 
prognosis (Table S3). The 3-year PFS and OS probabilities 
for the low-, medium-, and high-PNII subgroups were 32.4% 
and 67.3%, 15.4% and 45.1%, and 11.8% and 23.2%, respec-
tively (Figure 3C and D, all log-rank P < 0.05). As measured 
by the time-dependent AUC, the predictive performances of 

the PNII score were 0.680 and 0.631 for 5-year PFS and OS, 
respectively (Figure 4C and D). The PNII score was also 
well-calibrated in the validation cohort according to the 
Gronnesby and Borgan goodness-of-fit test (for PFS: 
χ2=1.6, P=0.448; for OS: χ2=4.6, P = 0.102).

Discussion
Over the past few decades, the optimal treatment strategy 
for mNPC has remained controversial but has recently 
shifted towards personalized medicine.27–29 Platinum- 
based chemotherapy is the current standard of care for de 
novo mNPC, as recommended by current NCCN 
guidelines.20 The combination of immune checkpoint inhi-
bitors and chemotherapy has demonstrated promising anti-
tumor activity with manageable adverse effects for both 
treatment-naïve and previously treated recurrent or meta-
static disease.29–31 In addition to systemic therapy, locore-
gional radiotherapy combined with chemotherapy was 
associated with significantly prolonged OS in chemother-
apy-sensitive de novo mNPC patients.21,22 Therefore, we 
believe that the pretherapy prediction of first-line che-
motherapy efficacy is crucial for the timely identification 
of patients who might have an inadequate response to che-
motherapy, allowing personalized treatment recommenda-
tions to be designed from the start.
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Figure 1 The four independent risk factors in the final model were illustrated in a forest plot and selected for developing the scoring system, including nutritional risk index, 
C-reactive protein, alkaline phosphatase, and lactate dehydrogenase. The assignment of points to each variable was based on the corresponding β regression coefficient. Each 
variable’s coefficient was divided by 0.580 (the lowest β value, corresponding to lactate dehydrogenase) and rounded to the nearest integer.
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To our knowledge, this is the first study that has devel-
oped a clinically applicable tool for the prediction of first- 
line chemotherapy efficacy among patients with de novo 
mNPC. Using a relatively large cohort, we designed and 
validated a risk-scoring system (PNII score) based on four 
readily ascertainable baseline factors. The PNII score 
accurately predicted both short-term disease control and 
long-term survival outcomes among patients who received 
platinum-based chemotherapy as first-line treatments. The 

PNII score could serve as a simple-to-use tool for the 
guidance of treatment strategies prior to initiating first- 
line chemotherapy. Based on the PNII scoring system, 
patients were stratified into three prognostic subgroups 
with varying DCRs and survival outcomes. The low- and 
intermediate-PNII score groups showed high DCR values, 
exceeding 90%, indicating a better chance of benefiting 
from locoregional radiotherapy. In contrast, the high-PNII 
score groups had lower DCRs and higher HRs for OS and 
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PFS than those in the low- and intermediate-PNII score 
groups. Therefore, for those patients in the high-PNII 
score groups, chemotherapy combined with immune 
checkpoint inhibitors or other targeted therapies should 
be recommended to achieve better disease control and 
increase the likelihood of receiving subsequent curative 
treatments.

In the current study, one nutritional index (NRI) and 
three inflammation-related biomarkers (CRP, ALP, and 
LDH levels) were identified as being significantly 

correlated with chemotherapy efficacy and survival out-
comes in patients with de novo mNPC. Patients diagnosed 
with malnutrition risk factors and elevated systemic 
inflammation were more likely to suffer from an insuffi-
cient response to chemotherapy and poor prognosis than 
those without malnutrition or inflammation indicators. Our 
results agreed with the results reported by previous studies 
investigating single nutritional or inflammatory parameters 
in NPC.13–16,32–34 Severe nutritional risks and elevated 
levels of CRP, ALP, and LDH have been associated with 

CA

DB

Figure 4 The predictive accuracy of the prognostic nutrition and inflammation index (PNII) score for progression-free survival and overall survival in the training (A, B) and 
validation (C, D) cohorts.
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worse survival outcomes. Our results indicated that mea-
surements of nutritional and inflammatory status might 
reflect the true tumor status o and predict chemotherapeu-
tic efficacy in patients with de novo mNPC. Patients who 
present with systemic inflammation and malnutrition 
represent an under-appreciated sub-population that might 
require personalized therapy.

However, the underlying biological mechanisms respon-
sible for the correlation observed among these biomarkers, 
treatment effectiveness, and prognosis remain far from being 
fully understood. Cancer-related inflammation involves 
complex interactions between the tumor and host immune 
and inflammatory responses, which could represent potential 
targets of cancer treatments.3,35 Cancer-related inflammation 
is a well-recognized cancer hallmark that substantially reg-
ulates all phases of malignancies, including susceptibility, 
initiation, development, dissemination, and mortality. 
Mediators of systemic inflammation comprise circulating 
immune cells, circulating cytokines, small inflammatory 
proteins, and acute-phase proteins.3 Both CRP and LDH 
are acute-phase proteins. CRP is primarily synthesized in 
hepatocytes in response to proinflammatory cytokines before 
being secreted into the blood. Our previous studies have 
demonstrated that elevated CRP levels were correlated with 
more advanced disease stages, including increased meta-
static risk in patients with nonmetastatic NPC and decreased 
survival in metastatic NPC patients treated with palliative 
chemotherapy.34,36 Unlike CRP, LDH plays an essential role 
in the promotion of glycolysis. LDH is abundant in many 
different cell types, although the blood levels are generally 
low. The increased levels of circulating LDH in cancer 
patients have primarily been attributed to LDH release 
from malignant cells.37,38 The selective inhibition of LDH 
may, therefore, represent a potential therapeutic target for 
cancer treatments designed to target cancer metabolism.37,38

Similar to CRP and LDH, ALP is another accepted bio-
marker of systemic inflammation. ALP is a ubiquitous enzyme 
that is primarily secreted from the liver, bone, and a wide 
variety of tumors.39–41 ALP levels often increase together 
with CRP or LDH levels, such as in metabolic syndrome and 
some types of cancers. ALP has been identified to serve as 
a reliable indicator for the prediction of prognosis associated 
with several malignancies, including NPC.21,32,41 Currently, 
the exact mechanisms and functions through which ALP is 
associated with tumor progression remain undefined; however, 
elevated tumor-derived ALP has been demonstrated to regulate 
cancer cell proliferation, death, and epithelial plasticity.42,43 

These findings suggested that ALP could be a potential 

therapeutic target, and recent studies have shown that bone- 
targeted ALP can act as a form of enzyme replacement therapy 
for hypophosphatasia, highlighting the promising role of ALP 
as a therapeutic target.44

In addition to the vital roles played by the mediators 
mentioned above, systemic inflammation has also been cor-
related with malnutrition, muscle loss, and cachexia 
development.45 Many lines of evidence have revealed that 
the activation of a sustaining, chronic, systemic inflammatory 
response represents one of the earliest and most essential 
contributing factors for the development of cachexia.46 

High levels of circulating cytokines and chemokines play 
crucial roles in driving the interplay between systemic 
inflammation, tumor progression, and cachexia.3 Therefore, 
patients who present with severe systemic inflammation are 
more likely to suffer from malnutrition. In our study, patients 
associated with a high risk of malnutrition were also asso-
ciated with worse survival, in agreement with the findings of 
several previous studies of nonmetastatic NPC.13–16 Because 
nutritional status has significant impacts on prognosis, the 
identification of patients who are at high risk of malnutrition 
and providing nutritional intervention as early as possible is 
essential to improving disease outcomes.

The present cohort study has some inevitable limitations. 
First, this study was performed as a retrospective study, 
which is associated with the inherent potential for selection 
bias. Second, the study population was based on patients 
who had the appropriate measurements of the selected mar-
kers; thus, the patient cohorts used in this study are not 
necessarily representative of all cancer patients who are 
diagnosed and treated at our institution. Finally, patients 
who have cancer might also have been diagnosed with 
some accompanying diseases that can cause changes in the 
investigated markers, such as metabolic syndrome, hepatic 
diseases, and skeletal disease. In the current study, 138 
(30%) patients were presented with comorbidities, including 
43 (9.4%) hepatitis, 22 (4.8%) hypertension, 15 (3.3%) 
diabetes. Notably, our exploratory sensitivity analysis 
(Figures S14 and S15) revealed that our findings were 
quite robust, regardless of comorbidity status. Therefore, 
the effectiveness of the PNII score would not be hampered 
by the non-cancer related inflammation in this study.

Conclusion
In conclusion, we developed a clinically useful risk-scoring 
system based on four readily ascertainable factors that were 
able to predict the efficacy of first-line chemotherapeutic and 
survival outcomes for patients with de novo mNPC. This 
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system may help clinicians determine the necessity of perso-
nalized treatment strategies before the initiation of first-line 
treatment. Further external verification of this scoring system 
remains necessary.
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