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Purpose: The aim of this article is to investigate the significance of pretreatment prognostic 

nutritional index (PNI), systemic immune-inflammation index (SII), and their combination in 

nasopharyngeal carcinoma (NPC) patients receiving intensity-modulated radiotherapy (IMRT).

Materials and methods: A total of 585 patients were included. PNI and SII were calculated 

within 2 weeks prior to treatment. The optimal cutoff points were determined based on receiver 

operating characteristics curve analysis. The correlation between variables was analyzed. 

Kaplan–Meier method and Cox proportional hazards model were performed to evaluate the 

impact of both indices on overall survival (OS), progression-free survival (PFS) and distant 

metastasis-free survival (DMFS). Further propensity score matching (PSM) was carried out to 

minimize the effects of confounders. 

Results: The optimal cutoff point of 53.0 for PNI and 527.20 for SII were selected. Pearson 

correlation coefficient showed an inverse correlation between PNI and SII (r = –0.232, P < 

0.001). Multivariate analysis demonstrated that pretreatment PNI was an independent prognostic 

factor for OS (P = 0.047) and DMFS (P = 0.002) while pretreatment SII was an independent 

prognostic factor for OS (P = 0.003), PFS (P = 0.002), and DMFS (P = 0.002). After PSM, both 

parameters remained as independent prognosticators of survival. Additional prognostic value 

was observed in the combined use of PNI and SII.

Conclusion: Pretreatment PNI and SII are promising indicators of survival in NPC patients 

undergoing IMRT. They can be utilized to refine current TNM staging system in predicting 

prognosis and developing an individualized treatment in these patients.  

Keywords: prognostic nutritional index, systemic immune-inflammation index, nasopharyngeal 

carcinoma, intensity-modulated radiotherapy, prognostic factor, survival

Introduction 
Nasopharyngeal carcinoma (NPC) is a malignancy arising from the epithelium of 

nasopharynx. It differs from other head and neck cancer due to its unique pathology, 

epidemiology, and clinical attributes. Despite being rare globally, NPC is prevalent in 

South China and Southeast Asia, with the incidence rate of 6.4 and 4.7 per 100,000 

people in Southeast Asia and China, respectively.1,2 Due to its proximity to the skull 

base and high chemoradiosensitivity, radiotherapy, with or without chemotherapy, is 

regarded to be the primary treatment for nondisseminated NPC.

In recent years, important breakthroughs in diagnostic imaging, radiotherapy tech-

nique, and chemotherapy regimens have significantly improved the treatment outcome 

of NPC. Especially, intensity-modulated radiotherapy (IMRT) has gradually become 

the primary technique of radiotherapy. Compared to two-dimensional conventional 
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radiotherapy, it has yielded better locoregional control, but 

no significant improvement is found in the rate of distant 

metastasis.3–5 Moreover, the current TNM staging system, 

which is the most commonly used parameters in treatment 

decision and predicting treatment outcomes for NPC patients, 

does not take the biological variety of the tumor into account.6 

This results in heterogeneous treatment outcomes in patients 

with identical TNM staging.6,7 Therefore, identification of 

an accurate prognosticator is crucial to improve the clinical 

management of NPC. 

There has been increasing evidence that systemic inflam-

mation plays a crucial role in development and progression 

of cancer, including proliferation and survival of cancer cells, 

angiogenesis, tumor metastasis, and reducing responses to 

anticancer agents.8,9 Recently, several hematological markers 

indicating systemic inflammatory responses have been found 

to be significantly associated with poor prognosis in patients 

with various malignancies, including lactate dehydrogenase; 

neutrophil to lymphocyte ratio (NLR); platelet to lymphocyte 

ratio (PLR); a combination of albumin and lymphocyte count 

as prognostic nutritional index (PNI); and a combination 

of neutrophil, platelet, and lymphocyte count as systemic 

immune-inflammation index (SII).10–13 Among these, PNI and 

SII are two novel systemic inflammation-based prognostic 

score. To the best of our knowledge, the impact of PNI and 

SII on mortality in NPC have been rarely investigated.14–17 

Moreover, the correlation and combined prognostic value of 

these indices on these patients has not yet been addressed. 

A total of 585 nonmetastatic NPC patients undergoing 

IMRT with or without chemotherapy were included in this 

retrospective study. The objective of our study was to evalu-

ate the prognostic significance of pretreatment PNI and SII 

in these patients. In addition, in order to overcome selection 

bias and reduce the effects of confounders, we performed 

propensity score matching (PSM) analysis to evaluate the 

true impact of both indices on the prognosis of patients. We 

further investigated the combined prognostic value of these 

indices and their correlation, which aimed to enhance the 

survival prediction and promote development of individual-

ized treatment approach for NPC patients receiving IMRT.   

Materials and methods
study cohort
This retrospective study was approved by the Institutional 

Review Board of Fudan University Shanghai Cancer Center 

and conducted in accordance with institutional policy and the 

principles of Declaration of Helsinki and its amendments. 

Due to retrospective nature of the study, which only the 

clinical databases were studied and very small risks to the 

patients involved, we requested and were granted a waiver of 

written informed consent from the institutional review board. 

Nevertheless, patient confidentiality was maintained by ano-

nymizing patient data to remove any identifying information.

Between January 2010 and December 2013, the medi-

cal records of 585 newly diagnosed NPC patients receiving 

definitive IMRT-based therapy at Fudan University Shanghai 

Cancer Center were reviewed. The inclusion criteria were 1) 

aged ≥16; 2) pathological evidence of non-keratinizing and/

or undifferentiated NPC (World Health Organization type 

II/III); 3) Karnofsky performance status scale ≥80; 4) no 

radiological evidence of distant metastasis and concomitant 

tumors at diagnosis; 5) no prior malignancies and history 

of anticancer therapy; 6) sufficient liver (total bilirubin and 

alanine aminotransferase level ≤1.5× the normal limit) and 

renal (creatinine level ≤1.5× the normal limit) function; 7) 

completion of prescribed treatment; 8) complete data of 

hematological and biochemical parameters, including serum 

albumin level, neutrophil, platelet, and lymphocyte count. 

Pretreatment workup and data collection
All patients completed a full pretreatment evaluation, 

including patient history; routine physical examination; 

contrast-enhanced MRI or computed tomography (CT) scan 

of nasopharynx and neck, chest radiography, abdominal ultra-

sonography; a whole-body bone scan using single-photon 

emission CT; complete blood count; and serum biochemistry 

profile. Clinical stage of the patients was classified accord-

ing to the seventh edition of American Joint Committee on 

Cancer (AJCC) staging system. 

Peripheral fasting blood sample was taken through a 

venipuncture to the median cubital vein to assess the pretreat-

ment serum albumin level and complete blood count. It was 

obtained within 2 weeks prior to treatment. Serum albumin 

level was determined using chemistry analyzer cobas 8000 

(Roche, Basel, Switzerland), while complete blood count 

was measured using automated hematology analyzer Sys-

mex XT-4000i (Sysmex, Kobe, Japan). PNI was defined as 

follows: serum albumin level (g/L) + 5 × total lymphocyte 

count (109/L), whereas SII was calculated using the following 

formula: total platelet count (109/L) × total neutrophil count 

(109/L) ÷ total lymphocyte count (109/L). 

Treatment protocol
Treatment strategy was determined using our institution 

guidelines depending on clinical stage and general condi-

tion of each patient. Based on standardized treatment of our 
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institution, radiotherapy alone was suggested for patients 

with stage I, whereas combined chemoradiotherapy was 

prescribed for those with stage II and above. In detail, con-

current chemoradiotherapy was recommended for patients 

with stage II and either concurrent chemoradiotherapy or 

neoadjuvant + adjuvant chemotherapy for those with stage III 

or IV disease. However, chemotherapy was not administered 

to patients with following conditions: 1) aged ≥70; 2) one or 

more comorbidities, including without limitation low blood 

counts and active tuberculosis.

All patients underwent radical IMRT and finished the 

prescribed radiotherapy as scheduled. The total prescribed 

dose was 66–70.4 Gy to the planning target volume (PTV) 

of the gross tumor volume of nasopharynx (GTVnx), 66–70 

Gy to the PTV of the gross tumor volume of positive neck 

lymph nodes (GTVnd), 60 Gy to the PTV of the high-risk 

sites of microscopic extension defined as clinical target vol-

ume 1 (CTV1), and 54 Gy to the PTV of the low-risk sites 

of microscopic extension defined as clinical target volume 2 

(CTV2). PTVs were delineated by adding 5 mm and 3 mm 

to GTV and CTV, respectively. The radiation was prescribed 

in a fractionated dose of 2 to 2.2 Gy, 1 fraction per day, 5 

days per week. 

The regimens administered for neoadjuvant and adjuvant 

chemotherapy were mainly: 1) TPF regimen: docetaxel 60 

mg/m2/day on day 1 + cisplatin 25 mg/m2/day on day 1–3 

+ 5-fluorouracil 0.5 g/m2/day on day 1–3, 2) TP regimen: 

docetaxel 60 mg/m2/day on day 1 + cisplatin 25 mg/m2/day 

on day 1–3, 3) GP regimen: gemcitabine 1 g/m2/day on day 1 

and 8 + cisplatin 25 mg/m2/day on day 1–3. TPF and TP regi-

mens were the first-line chemotherapy regimens. However, 

GP regimen was chosen if patients had following medical 

history: peptic ulcer, gastrointestinal tract bleeding, cardiac 

disease, diabetes, and food or drug allergy. Neoadjuvant and 

adjuvant chemotherapy were administered every 3 weeks 

for two to three cycles. Besides, concurrent chemotherapy 

consisted of cisplatin 80 mg/m2 every 3 weeks or 30 mg/m2 

on weekly basis. 

Follow-up and clinical endpoints
After completion of treatment, patients returned for follow-

up appointments at our outpatient clinic at 3-month intervals 

during the first 2 years, every 6 months between the third 

to fifth year, and annually thereafter. A complete physical 

examination, including indirect nasopharyngeal speculum 

and palpation of neck lump examination, was performed 

at each clinic visit. In addition, contrast-enhanced MRI of 

nasopharynx, chest radiography, and abdominal ultraso-

nography were performed at 6-month intervals during the 

first 5 years and annually thereafter. Further investigations 

would be arranged if any sign of locoregional recurrence or 

distant metastasis were detected. Patients with confirmation 

of locoregional or distant failures would be treated according 

to their medical conditions. 

The primary outcome of this study was overall survival 

(OS), while the secondary outcomes were progression-free 

survival (PFS) and distant metastasis-free survival (DMFS). 

OS was defined as the time that had elapsed between the 

initial treatment time and death from any cause. PFS was 

defined as the time interval between initial treatment and the 

date of disease progression or death from any cause. DMFS 

was defined as the elapsed time between initial treatment 

date and the first appearance of distant failure.

statistical analysis
The Statistical Packages for Social Sciences version 22.0 

(IBM, Armonk, NY) was used for all statistical analysis. 

Receiver operating characteristics (ROC) curve was per-

formed to determine the most appropriate threshold value for 

PNI and SII. χ2 test (or Fisher’s exact test, if indicated) was 

used to explore the baseline balance between low PNI/SII 

and high PNI/SII groups. Correlation between variables was 

assessed using Pearson correlation coefficient. Actuarial rates 

for OS, PFS, and DMFS were generated using Kaplan–Meier 

method. Furthermore, differences between curves were ana-

lyzed with log-rank test. Univariate and multivariate analysis 

were calculated using Cox proportional hazards model (mul-

tivariate analysis consisted of variables with P value < 0.05 

in univariate analysis). Proportional hazard assumption was 

explored using log-minus-log plots. A two-tailed P value < 

0.05 was considered statistically significant. 

In addition, PSM and correlogram was done using R 

version 3.4.0 (The R Foundation of Statistical Computing, 

Vienna, Austria). PSM was carried out using nearest neighbor 

1-to-1 matching in MatchIt package and correlogram was 

created using corrplot package. 

Results
Patient characteristics and follow-up
Clinical features of 585 NPC patients reviewed are provided 

in Table 1. The majority of the patients were male (71.8%). 

The median age was 49 years old and ranged from 17 to 82 

years old. Based on the 7th edition of AJCC staging system, 

2.1% of the patients had stage I, 18.5% stage II, 45.0% stage 

III, while 34.5% had stage IV disease. Among them, 84.8% 

of the patients received combined chemoradiotherapy. Addi-
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tionally, the median value of PNI and SII were 53.3 (range: 

38.3–69.8) and 475.20 (range: 119.3–4000). 

In general, the median follow-up time was 63.3 months, 

which ranged from 4.8 to 86.4 months. Throughout the time, 

12.5% of the patients developed locoregional recurrence, 

13.5% experienced distant metastasis, and 14.5% patients 

were dead. The 5-year OS, PFS, and DMFS were 85.6%, 

75.9%, and 86.1%, respectively.

ROC curve analysis
ROC curve analysis was performed to evaluate the optimal 

cutoff value of PNI and SII for mortality (Figure 1). The area 

under the curve were 0.597 (95% CI: 0.535–0.659, P = 0.004) 

and 0.618 (95% CI: 0.553–0.682, P = 0.001) for PNI and 

SII, respectively. A cutoff value of 53.0 (sensitivity: 63.5%, 

specificity: 55.6%) was chosen for PNI, while a threshold 

value of 527.20 (sensitivity: 60.0%, specificity: 60.8%) was 

selected for SII. 

Association between PNI/SII and clinical 
features of the patients
Baseline characteristics of each PNI and SII group together 

with the comparisons between groups are shown in Table 

1. There was a higher proportion of older patients with low 

PNI (<53.0). Besides, patients with high SII (≥527.20) had 

significantly more advanced T classification.

A correlogram provided in Figure S1 indicates the cor-

relation between variables. There was an inverse correla-

tion between PNI and SII. A scatter plot showed that the 

correlation between PNI and SII could be modelled as a 

linear (Figure S2). Although the correlation was weak, the 

correlation level still reached statistical significance (r = 

–0.232, P < 0.001).

Univariate analysis
According to the optimal cutoff value of PNI, there were 276 

patients (47.2%) in low PNI group and 309 patients (52.8%) 

in high PNI group. On the other hand, according to the best 

threshold value of SII, there were 338 patients (57.8%) in 

low SII group and 247 patients (42.2%) in high SII group. In 

terms of PNI, survival comparisons between the two groups 

showed that the patients with low PNI had inferior OS (5-year 

OS: 81.5% versus 89.4%, P = 0.003), PFS (5-year PFS: 

71.9% versus 79.6%, P = 0.020), and DMFS (5-year DMFS: 

80.7% versus 90.9%, P < 0.001) (Figure 2). With regard to 

SII, survival comparisons between two groups revealed that 

the patients with high SII also had poorer OS (5-year OS: 

79.3% versus 90.3%, P < 0.001), PFS (5-year PFS: 68.3% 

versus 81.4%, P < 0.001), and DMFS (5-year DMFS: 79.3% 

versus 91.0%, P < 0.001) (Figure 3).

Cox univariate analysis showed that both low PNI and 

high SII were significantly associated with worse OS, PFS, 

Table 1 association of Pni and sii with clinical characteristics in the study cohort

Variables N Percentage PNI SII

<53.0 ≥53.0 P-value* <527.20 ≥527.20 P-value*

age (years) <0.001 0.292

<60 469 80.2 192 277 276 193

≥60 116 19.8 84 32 62 54
sex 0.133 0.804

Male 420 71.8 190 230 244 176
Female 165 28.2 86 79 94 71

Tumor classificationa 0.220 0.027
T1–T2 287 49.1 128 159 179 108
T3–T4 298 50.9 148 150 159 139

Nodal classificationa 0.081 0.578
n0–n1 266 45.5 136 130 157 109
n2–n3 319 54.5 140 179 181 138

TnM stagea 0.368 0.730
i–ii 120 20.5 61 59 71 49
iii–iV 465 79.5 215 250 267 198

Notes: Bolding shows P value < 0.05. *Chi-square (χ2) test, P < 0.05. aTnM staging system according to the american Joint Committee on Cancer (7th edition).
Abbreviations: PNI, prognostic nutritional index; SII, systemic immune-inflammation index.
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and DMFS (Table 2). The HR of low PNI (<53.0 versus 

≥53.0) on decreased OS, PFS, and DMFS were 1.943 (95% 

CI: 1.249–3.024, P = 0.003), 1.472 (95% CI: 1.061–2.042, 

P = 0.021) and 2.272 (95% CI: 1.427–3.617, P = 0.001), 

respectively. Moreover, the HR of high SII (≥527.20 versus 

<527.20) on inferior OS, PFS, and DMFS were 2.139 (95% 

CI: 1.386–3.302, P = 0.001), 1.879 (95% CI: 1.356–2.605, 

P < 0.001), and 2.558 (95% CI: 1.619–4.042, P < 0.001). 

Multivariate analysis
All variables that reached statistical significance were 

included in multivariate Cox proportional hazards regression 

analysis. The complete result of the analysis is provided in 

Table 3. PNI was found to be an independent prognostic fac-

tor for OS (HR: 1.602, 95% CI: 1.006–2.549, P = 0.047) and 

DMFS (HR: 2.134, 95% CI: 1.332–3.421, P = 0.002). On 

the other hand, high SII was independently correlated with 

poor OS (HR: 1.950, 95% CI: 1.256–3.028, P = 0.003), PFS 

(HR: 1.706, 95% CI: 1.223–2.379, P = 0.002), and DMFS 

(HR: 2.089, 95% CI: 1.310–3.331, P = 0.002). Apart from 

that, following variables were also confirmed as independent 

prognostic factors: age (P = 0.009) and nodal classification 

(P = 0.008) for OS; age (P = 0.025), tumor classification 

(P = 0.017), and nodal classification (P = 0.001) for PFS; 

tumor classification (P = 0.014) and nodal classification (P 

< 0.001) for DMFS.

PsM analysis
Due to the disparity in the baseline characteristics between 

subgroups, PSM was performed to assemble a balanced 

study cohort that balanced on following variables: age, sex, 

T classification, N classification, TNM stage, and radiation 

dose. After PSM, the new patient cohorts consisted of 276 

pairs for PNI group and 247 pairs for SII group. The distri-

bution of propensity scores before and after matching can 

be seen in Figure S3. The distribution on the left differed 

significantly, while the distribution after matching on the 

right was quite similar.

Kaplan–Meier analysis after PSM showed that low PNI 

still remained as the risk factor for predicting poor OS (5-year 

Figure 1 Receiver operating characteristic curves for pretreatment PNI and SII based on OS.
Abbreviations: OS, overall survival; PNI, prognostic nutritional index; SII, systemic immune-inflammation index.
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OS: 81.5% versus 88.5%, P = 0.010) and DMFS (5-year 

DMFS: 80.7% versus 90.1%, P = 0.002) but not for poor PFS, 

which just was very close to being statistically significant 

(5-year PFS: 71.9% versus 78.6%, P = 0.051). Similarly, 

high SII was still significantly associated with worse OS 

(5-year OS: 79.3% versus 91.1%, P = 0.001), PFS (5-year 

PFS: 68.3% versus 80.7%, P = 0.001), and DMFS (5-year 

DMFS: 79.3% versus 90.1%, P < 0.001). The unadjusted and 

adjusted Cox regression analysis were summarized in Table 

4. The adjusted Cox regression analysis revealed that low 

PNI was still independently associated with poor OS (HR: 

1.658, 95% CI: 1.047–2.626, P = 0.031) and DMFS (HR: 

2.225, 95% CI: 1.375–3.599, P = 0.001). It also showed that 

high SII was still an independent prognosticator for worse 

OS (HR: 2.195, 95% CI: 1.350–3.569, P = 0.002), PFS (HR: 

1.790, 95% CI: 1.255–2.553, P = 0.001), and DMFS (HR: 

2.279, 95% CI: 1.389–3.737, P = 0.001).

Combined prognostic value of PNI and 
sii
The combined prognostic value of PNI and SII was assessed 

by dividing the patients into the following three groups: high 

PNI–low SII group defined as group 1, low PNI–low SII, or 

high PNI–high SII group defined as group 2 and low PNI–

high SII group defined as group 3. The number of patients in 

each group were 204 (34.9%), 239 (40.9%), and 142 (24.3%). 

The data showed that group 1 had the best OS in com-

parison with group 2 and group 3 (5-year OS: 93.0%, 84.6%, 

and 76.9%, respectively, P < 0.001) (Figure 4A). Similarly, 

the 5-year PFS was also significantly higher in group 1 than 

group 2 and group 3 (81.5%, 78.7%, 63.0%, respectively, P 

< 0.001) (Figure 4B). Moreover, the 5-year DMFS was also 

remarkably better in group 1 compared to other two groups 

(93.8%, 85.9%, 74.9%, respectively, P < 0.001) (Figure 4C). 

Discussion
In recent years, the management of NPC has yielded signifi-

cant improvement due to several breakthroughs in diagnostic 

and therapeutic interventions, together with novel technolo-

gies. Since IMRT has become the primary radiation technique 

for NPC, the major reason of treatment failure has been iden-

tified as distant metastasis.18 This may result in incapability of 

the current TNM staging system, which indicates the scope of 

the tumor, to identify different population at risk precisely.6 

Table 2 Univariate Cox regression analysis of potential factors affecting Os, PFs, and DMFs

Variables OS PFS DMFS

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

age (years) 0.001 0.007 0.316
<60 Ref Ref Ref

≥60 2.084 (1.326–3.276) 1.638 (1.144–2.344) 1.302 (0.777–2.182)
sex 0.834 0.425 0.570

Male Ref Ref Ref
Female 0.950 (0.588–1.534) 0.859 (0.592–1.248) 0.863 (0.520–1.434)

Tumor classificationa 0.140 0.014 0.009
T1–T2 Ref Ref Ref
T3–T4 1.382 (0.899–2.126) 1.514 (1.089–2.104) 1.849 (1.166–2.932)

Nodal classificationa 0.021 0.004 <0.001
n0–n1 Ref Ref Ref
n2–n3 1.688 (1.080–2.637) 1.645 (1.175–2.302) 2.665 (1.604–4.428)

Chemotherapy 0.317 0.198 0.765
Yes Ref Ref Ref
no 1.320 (0.766–2.274) 1.394 (0.841–2.312) 1.102 (0.583–2.084)

Prognostic nutritional index 0.003 0.021 0.001
≥53.0 Ref Ref Ref

<53.0 1.943 (1.249–3.024) 1.472 (1.061–2.042) 2.272 (1.427–3.617)
Systemic immune–inflammation index 0.001 <0.001 <0.001

<527.20 Ref Ref Ref

≥527.20 2.139 (1.386–3.302) 1.879 (1.356–2.605) 2.558 (1.619–4.042)

Notes: Bolding shows P value < 0.05. aTnM staging system according to the american Joint Committee on Cancer (7th edition).
Abbreviations: DMFs, distant metastasis–free survival; Os, overall survival; PFs, progression–free survival; Ref, reference. 
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Therefore, identification of other prognostic factors is crucial 

to perfect the current TNM staging system and optimize the 

treatment strategies in these patients.

Inflammation has been known as a hallmark of cancer.19 

The distinctive feature of cancer-related inflammation 

includes the presence of inflammatory cells and mediators in 

tumor mass, tissue remodeling, and angiogenesis.9 The asso-

ciation between inflammation and cancer can be explained by 

two pathways, which are intrinsic and extrinsic pathway.9,20 

Intrinsic inflammatory pathway is driven by genetic events 

that result in neoplasia and inflammation, while extrinsic 

inflammation pathway is directed by inflammatory status 

that increases or even initiates cancer in some cases.20 Both 

pathways converge, initiating the activation of several tran-

scription factors in cancer cells and subsequently in inflam-

matory cells, these transcription factors such as nuclear 

Table 3 Multivariate Cox regression analysis of potential factors affecting Os, PFs, and DMFs

Variables OS PFS DMFS

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

age (years) 0.009 0.025
<60 Ref Ref

≥60 1.864 (1.167–2.979) 1.529 (1.054–2.219)
sex

Male
Female

Tumor classificationa 0.017 0.014
T1–T2 Ref Ref
T3–T4 1.497 (1.074–2.087) 1.789 (1.124–2.850)

Nodal classificationa 0.008 0.001 <0.001
n0–n1 Ref Ref Ref
n2–n3 1.836 (1.171–2.878) 1.774 (1.264–2.490) 2.917 (1.751–4.859)

Chemotherapy
Yes
no

Prognostic nutritional index 0.047 0.166 0.002
≥53.0 Ref Ref Ref

<53.0 1.602 (1.006–2.549) 1.276 (0.904–1.801) 2.134 (1.332–3.421)
Systemic immune-inflammation index 0.003 0.002 0.002

<527.20 Ref Ref Ref

≥527.20 1.950 (1.256–3.028) 1.706 (1.223–2.379) 2.089 (1.310–3.331)

Notes: Bolding shows P value < 0.05. aTnM staging system according to the american Joint Committee on Cancer (7th edition).
Abbreviations: DMFs, distant metastasis–free survival; Os, overall survival; PFs, progression–free survival; Ref, reference. 

Table 4 Cox regression analysis of the association between PNI, SII, and survival after PSM

OS PFS DMFS

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Pni (n = 552)
Unadjusted model 1.778 (1.137–2.780) 0.012 1.390 (0.996–1.940) 0.053 2.098 (1.310–3.361) 0.002
adjusted modela    1.658 (1.047–2.626) 0.031 1.333 (0.944–1.883) 0.102 2.225 (1.375–3.599) 0.001

sii (n = 494) 
Unadjusted model 2.190 (1.348–3.558) 0.002 1.807 (1.267–2.577) 0.001 2.343 (1.430–3.840) 0.001
adjusted modela 2.195 (1.350–3.569) 0.002 1.790 (1.255–2.553) 0.001 2.279 (1.389–3.737) 0.001

Notes: Bolding shows P value < 0.05. aadjusted for sex (male versus female), age (<60 years versus ≥60 years), tumor classification (T1–T2 versus T3–T4), nodal classification 
(N0–N1 versus N2–N3), and radiotherapy dose (continuous variable).
Abbreviations: DMFs, distant metastasis–free survival; Os, overall survival; PFs, progression–free survival; Pni, prognostic nutritional index; PsM, propensity score 
matching; Ref, reference; SII, systemic immune-inflammation index.
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factor-κB, signal transducer, and activator of transcription 3 

and hypoxia-inducible factor 1α (HIF-1α).9 These transcrip-

tion factors promote recruitment inflammatory cells, such as 

neutrophil and macrophage, and also leads to the production 

of important inflammatory mediators, including chemokines 

and cytokines.9 All these events support the formation of 

cancer-related inflammatory microenvironment and promotes 

cancer proliferation, subversion of adaptive immunity, and 

desensitization to anticancer agents.9 

PNI, which combines serum albumin and total lympho-

cyte count, was first proposed by Onodera et al to assess the 

risk of postoperative complications of patients undergoing 

A B C

P=0.003

P=0.010 P=0.051 P=0.002

P=0.020 P<0.001

D E F

Figure 2 Kaplan–Meier survival curves of OS, PFS, and DMFS classified into two groups according to PNI before (A–C) and after (D–F) PSM. Log-rank test, P < 0.05.
Abbreviations: DMFs, distant metastasis–free survival; Os, overall survival; PFs, progression–free survival; Pni, prognostic nutritional index; PsM, propensity score 
matching.

A B C

D E F

P<0.001

P=0.001 P=0.001

P<0.001 P<0.001

P<0.001

Figure 3 Kaplan–Meier survival curves of OS, PFS, and DMFS classified into two groups according to SII before (A–C) and after (D–F) PSM. Log-rank test, P < 0.05.
Abbreviations: DMFS, distant metastasis–free survival; OS, overall survival; PFS, progression–free survival; PSM, propensity score matching; SII, systemic immune-
inflammation index.
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gastrointestinal surgery.21 Afterwards, it was widely used to 

evaluate the immunological and nutritional status of surgery 

patients.22,23 Today, PNI has taken a new role as a novel prog-

nostic factor in many types of malignancy, including gastric 

cancer, renal cancer, and lung cancer.24–26 Low PNI represents 

a decline in serum albumin and/or total lymphocyte count. 

Serum albumin is a widely used parameter of nutritional 

status of patients. Besides, accumulating evidence sup-

ported that cancer cachexia, which can be assessed through 

serum albumin, is a result of systemic inflammatory reaction 

induced either by the tumor itself or as a host response.27 

Systemic inflammation increases the resting energy expen-

diture and also decreases the skeletal muscle mass through 

several important cytokines, including tumor necrosis 

factor-α (TNF- α) and interleukin-6 (IL-6) which mediate 

proteolysis.28,29 These pathophysiological processes result in 

gradual weight loss and low serum albumin.30 Furthermore, 

total lymphocyte count as another part of PNI plays a critical 

role in the host immune response, which mediates immuno-

logic eradication of cancer cells by secreting cytokines and 

generating cytotoxic cell death.19 The decreased level of 

lymphocytes may weaken cancer immune surveillance and 

defense.9 Thus, apart from its initial function as an indicator 

of nutritional status of a patient, PNI may take another role 

as a reflection of systemic inflammation.

On the other hand, SII as an integrated parameter based 

on total platelet, lymphocyte, and neutrophil count is another 

systemic inflammation score. It was considered to be more 

powerful and objective than other indexes, such as NLR 

and PLR.31 Besides, previous studies reported that cancer 

patients with high SII might benefit from anti-inflammatory 

drugs, including esophageal cancer and hepatocellular 

carcinoma.32,33 Its prognostic values have been reported in 

hepatocellular carcinoma, esophageal cancer, renal cancer, 

prostate cancer, and gastric cancer.13,31,34–36 The prognostic 

role of SII may be explained by the function of its components 

and relationship with circulating tumor cells (CTCs).37 The 

role of lymphocytes in cancer development has been men-

tioned before. Platelets can increase the quantity of CTCs, 

induce its epithelial–mesenchymal transition and further 

the extravasation of cancer cells to metastatic sites.37 Mean-

while, neutrophils has different levels of cancer development 

through the secretion of inflammatory mediators, such as 

IL-6 and TNF. It promotes cancer cells invasion, prolifera-

tion, distant metastasis, and enhances tumor cells to evade 

immune surveillance.9,38 In addition, increasing evidence 

showed that both platelets and neutrophils enhance adhesion 

and seeding to distant sites by secreting vascular endothelial 

growth factor.39,40 Therefore, a high SII demonstrates intense 

inflammatory and weaker immune response that favors tumor 

progression and metastasis. 

In the present study, two novel inflammation-based 

prognostic score, PNI and SII, were shown to be indepen-

dent prognosticators in NPC patients treated with IMRT-

A B C

P<0.001 P<0.001 P<0.001

Figure 4 Kaplan–Meier survival curves of Os (A), PFs (B), and DMFs (C) classified into three groups according to PNI combined with SII. Group 1: PNI ≥53.0 sii <527.20, 
group 2: Pni <53.0 sii <527.20 or Pni ≥53.0 sii ≥527.20, group 3: Pni <53.0 sii ≥527.20. Log-rank test, P < 0.05.
Abbreviations: DMFS, distant metastasis–free survival; OS, overall survival; PFS, progression–free survival; PNI, prognostic nutritional index; SII, systemic immune-
inflammation index.
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based therapy in terms of OS, PFS, and DMFS. However, 

we did not observe a significant impact of these indices on 

locoregional recurrence-free survival (LRFS) (5-year LRFS: 

88.5% versus 87.6%, log-rank test: P = 0.766 for PNI; 84.7% 

versus 90.4%, log-rank test: P = 0.050 for SII; survival curve 

not shown), which may be explained by significant improve-

ment in the locoregional control since the era of IMRT. In 

addition, we also found significant correlation between these 

parameters, however, was weak. An inverse but weak cor-

relation was also observed between PNI and SII. This weak 

correlation may be because both indices share the same 

component of total lymphocyte count. Moreover, such weak 

correlation indicated that both parameters are not substitut-

able for each other, but rather complement each other, which 

was further proven by the improved prognostic value through 

the combination of both indices. In terms of PNI, few studies 

have investigated the impact of PNI on mortality in these 

patients.14,16,17 On the other hand, we only found one study 

that reported the prognostic value of SII in NPC patients to 

date.15 Although our study showed consistent result, some 

limitations were identified in these past studies that we 

believed might impede the reliability of these parameters as 

prognostic indicators in NPC. Some notable shortcomings 

were diverse radiotherapy techniques used, limited clinical 

endpoints adopted, and relatively smaller patient population 

compared to ours. Therefore, since our study was performed 

specifically in NPC patients treated with IMRT, with greater 

number of patients, adoption of several clinical endpoints, 

and similar baseline characteristics between groups, we 

provided further confirmation of the prognostic value of 

PNI and SII in these patients. In addition, our study was the 

first one to perform PSM, which is a popular method used 

to overcome potential selection bias and reduce confounders 

in non-randomized retrospective studies.41 We also found 

that the prognostic significance of PNI and SII could be 

greatly expanded by the combination of them, which to our 

knowledge is the first report to demonstrate this importance.

However, there were also some shortages in our study. 

First, this was a retrospective study performed in single 

institution. Yet, complete clinicopathological features, long 

follow-up period, and relatively large study cohort could 

partly compensate this shortcoming. Second, we only 

assessed the pretreatment PNI and SII. Consequently, the 

clinical importance of dynamic change of PNI and SII could 

not be analyzed in our study. Hence, further large-scale mul-

ticenter prospective study is required in order to validate the 

prognostic impact of PNI and SII together with the combina-

tion of them in NPC patients undergoing IMRT. 

Conclusion
In summary, we investigated the prognostic value of pretreat-

ment PNI and SII in NPC patients treated with IMRT-based 

therapy and demonstrated the correlation between them. We 

also reported the combination of pretreatment PNI and SII, 

which greatly increased the accuracy of survival prediction. 

Since both parameters are cost-effective and easy to evaluate 

from laboratory measures, which are routinely performed 

in patients, pretreatment PNI and SII, in collaboration with 

conventional TNM staging system, can guide clinicians in 

predicting survival and providing more individualized treat-

ment approaches for NPC patients. However, further prospec-

tive study is necessary to validate the clinical significance 

of PNI and SII on treatment outcomes of cancer patients.
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Figure S2 Scatter plot of the correlation between PNI and SII. Regression lines are provided in the scatter plot. Pearson correlation coefficient: R = –0.232, P < 0.001.
Abbreviations: PNI, prognostic nutritional index; SII, systemic immune-inflammation index.
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Figure S1 Correlogram illustrating correlation between clinical features and blood parameters. Insignificant correlation coefficients are left blank. Pearson correlation 
coefficient, P < 0.05. 
Abbreviations: PNI, prognostic nutritional index; SII, systemic immune-inflammation index.
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Figure S3 The distribution of propensity scores across pretreatment PNI and pretreatment SII before (A and C) and after (B and D) PsM.
Abbreviations: PNI, prognostic nutritional index; PSM, propensity score matching; SII, systemic immune-inflammation index.
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