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Abstract
Background : The prognostic nutrition index (PNI) has been shown to have prognostic value for several
common cancers. The study aim was to explore the clinical application value of the PNI for prognosis of
patients with oesophageal squamous cell carcinoma (ESCC) treated with radical chemoradiotherapy
(CRT) or radiotherapy (RT).

Methods : Overall, 193 patients with ESCC who received radiotherapy with or without chemotherapy at
Sichuan Cancer Hospital from March 20, 2012 to December 25, 2017 were retrospectively analysed.
Based on serum measurements before treatment, the PNI at ESCC recurrence was calculated as albumin
(g/L) + 5 × total lymphocyte count. The Kaplan–Meier method and Cox proportional regression model
were used to analyse the relationship between PNI and overall survival (OS).

Results : The average pretreatment PNI of 193 ESCC patients was 49.01 ± 4.68. The optimal cutoff value
of PNI was 47.975, and the patients were divided into a low-PNI group (<47.975) and a high-PNI group
(≥47.975). PNI was related to tumour length, T-stage and synchronous chemotherapy in ESCC patients (P
< 0.05). The median OS for the entire group was 22.37 months. The median OS of patients in the high-
PNI group and low-PNI group were 32.63 months and 15.4 months, respectively, the 3-year survival rates
were 47.5% and 32.2% and the 5-year survival rates were 37.7% and 16.8%, respectively, (all P = 0.001).
Univariate analysis showed that PNI, tumour length, T-stage and synchronous chemotherapy were related
to the prognosis of ESCC patients (P < 0.05). Multivariate analysis showed that tumour length (P =
0.019), synchronous chemotherapy (P = 0.009) and PNI (P = 0.003) were independent prognostic factors
affecting the prognosis of patients in ESCC treated with RT or CRT.

Conclusions: The calculation of PNI value is simple, reliable and repeatable and can improve the
accuracy of a patient’s prognosis. Con�rmation of these results by a large-sample prospective study is
desirable.

Introduction
In recent years, oesophageal carcinoma has remained as one of the leading causes of morbidity and
mortality of neoplastic diseases worldwide [1]. Adenocarcinoma is the predominant oesophageal cancer
in the United States and Western countries. However, oesophageal cancer is predominantly squamous
cell carcinoma in Asian countries, accounting for > 90% of cases in China [2]. Although progress has been
made in surgery, chemoradiation and targeted therapy, the prognosis of oesophageal squamous cell
carcinoma (ESCC) patients remains poor because of early recurrence or distant metastases, and many
factors affect the prognosis, such as age, smoking history, drinking history, eating habits, clinical stage
and treatment [3–5]. Studies have reported that 60–85% of oesophageal cancer patients have varying
degrees of malnutrition, which is �rst among all tumours [6]. More and more studies have shown that the
long-term prognosis of patients with malignant tumours is closely related to their nutritional status and
immunity [7]. The prognostic nutrition index (PNI) was �rst used mainly to assess the nutritional status
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before surgery, risk of surgery and postoperative complications [8]. Recent studies have shown that the
PNI can be used as a new indicator to evaluate the prognosis of various malignant tumours, such as liver
cancer, colorectal cancer, pancreatic cancer and gastric cancer [9–12]. However, to our knowledge, the
prognostic value of pretreatment PNI values in ESCC patients treated with radical radiotherapy (RT) has
not been studied. Therefore, the study aim was to explore the clinical value of PNI for the prognosis of
patients with ESCC who had undergone radical chemoradiotherapy (CRT) or RT.

Materials And Methods

Patients
This study was conducted according to the principles of the Declaration of Helsinki and its amendments
and was approved by the ethics committee of the Sichuan Provincial Cancer Hospital. From March 20,
2012 to December 25, 2017, a retrospective analysis of 193 patients with radical CRT or RT for ESCC was
performed. All of the patients included in the analysis met the following inclusion criteria: (I) diagnosis of
ESCC but refused or could not tolerate surgery; (II) histologically or cytologically con�rmed ESCC; (III)
karnofsky performance status ≥ 70 points; (IV) treatment with an intensity-modulated radiation therapy
dose ≥ 50 Gy (in 25–35 fractions over a range of 5–7 weeks) with 0 to 6 courses of concurrent
chemotherapy; (V) data available from blood biochemical examination 1 week prior to treatment; (VI) no
distant tumour metastasis; (VII) restaged according to the TNM classi�cation system issued by the
American Joint Committee on Cancer (AJCC; 7th edition, 2012).

Treatment
All patients underwent radical radiotherapy with or without chemotherapy. Total radiotherapy dose: 50 to
72.6 Gy, total radiotherapy frequency: 20 to 34 f. The primary tumour and any positive regional lymph
nodes were de�ned as the gross tumour volume (GTV). Positive lymph nodes were determined by
physical examination, endoscopy, cervical-thoraco-abdominal computed tomography (CT) or positron
emission tomography-CT. A radial edge of 0.5 to 1.0 cm was provided around the GTV, and an edge of
3 cm in the proximal and distal directions was de�ned as the clinical target volume (CTV). The tumour
movement was 0.5 cm of the CTV expansion to de�ne the planned target volume. Patients receiving
concurrent chemotherapy mainly received platinum single or combined chemotherapy, whereas elderly
patients received oral chemotherapy or methotrexate for 1 to 6 cycles.

Calculation of PNI
The total number of lymphocytes in blood cell analysis and serum albumin levels in liver function were
collected 1 week before treatment, during treatment (with the lowest detection value), and after treatment,
PNI = serum albumin level (g/L) + 5 × absolute lymphocyte count.

Follow-up
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At our institution, all patients were followed up through outpatient examinations and telephone calls. The
last follow-up time was January 15, 2020. Survival time was measured from the �rst day of pathological
diagnosis to death or last follow-up. The median follow-up time was 21.6 months (range: 2–91 months).

Statistical analysis
All recorded data were analysed by using SPSS version 25.0 (IBM Corporation, Armonk, NY, USA) and
GraphPad Prism version 8.0.2 (GraphPad Prism Software, San Diego, California, USA). The t-test or
analysis of variance was used to compare the continuous variables that �t the normal distribution. The χ2

test was used to compare the counted data. The Kaplan–Meier method was used to calculate the OS
rate. The Cox proportional hazards model was used for univariate and multivariate analysis to study the
effect of different factors on survival. Covariates included age (< 65 years vs. ≥65 years), sex, smoking
history, drinking history, karnofsky performance status (KPS) score (70 vs. 80 vs. 90), tumour location,
tumour length (< 5 cm vs. ≥5 cm), clinical T-stage, clinical N-stage, TNM stage, body mass index (BMI),
RT dose (< 60 Gy vs. ≥60 Gy), synchronous chemotherapy and PNI (< 47.975 vs. ≥47.975). P values < 
0.05 were considered to be indicative of statistical signi�cance. A receiver operating characteristic (ROC)
curve for prediction was plotted to verify the optimal cutoff value for PNI.

Results
Patient and tumour characteristics

A total of 193 patients who met the enrolment criteria were included in this study, and their characteristics
are presented in Table 1. Among the 193 patients, 149 (77.20%) were male and 44 (22.80%) were female.
The median age was 64 years (range, 34–86 years). There were 110 patients (57%) with a smoking
history and 83 patients (43%) without a smoking history. There were 110 patients (57%) with a drinking
history and 83 patients (43%) without. Regarding the RT dose, 12 patients (6.22%) received <60 Gy and
181 (93.78%) received ≥60 Gy. Synchronous chemotherapy was administered in addition to RT to 170
(87.56%) patients, and 23 patients (11.92%) did not receive chemotherapy (Table 1).

 

Assessment of the PNI cutoff values

The optimal PNI cutoff values were analysed by ROC curves according to the overall survival (OS) of
patients with ESCC. According to the ROC curve and Youden index, the ideal pretreatment PNI cutoff
value was 47.975. The area under the ROC curve for the PNI was 0.605 (95% CI for the area between 0.53
and 0.69, P < 0.05) (Figure 1). The PNI cutoff value corresponded to a sensitivity value of 71.70% and a
speci�city value of 49.50%. For subsequent data analysis, the patients were divided into two groups
according to the cutoff value for further analysis: the low-PNI group (PNI < 47.975) and high-PNI group
(PNI ≥ 47.975).
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Correlation of PNI with survival and prognosis assessment

Overall, the 1-, 2-, 3- and 5-year OS rates were 67.4%, 48.5%, 41.0% and 29.4%, respectively. No patients
were lost to follow-up. For the patients with a PNI ≥ 47.975 (n =116), the 1-, 2-, 3- and 5-year OS rates
were 74.1%, 56.7%, 47.7% and 36.9%, respectively, and the corresponding rates in the patients with a PNI
< 47.975 (n = 77) were 57.10%, 36.2%, 31.2% and 16.5%, respectively. Kaplan–Meier analysis showed
that, overall, the high-PNI group had OS superior to that of the low-PNI group (P = 0.001, Figure 2).
According to different treatment processes, the mean pretreatment PNI, PNI during treatment, and post-
treatment PNI values were 49.001 ± 4.680, 35.254 ± 4.664 and 39.915 ± 4.968, respectively (P < 0.001,
Figure 3).

 

Univariate and multivariate survival analysis

The univariate analysis identi�ed tumour length (P = 0.031), T-stage (P = 0.04), synchronous
chemotherapy (P = 0.017) and PNI (P = 0.001) were signi�cant prognostic factors associated with OS.
From the multivariate analyses, we found that PNI (HR = 0.584; 95% CI = 0.408–0.835; P = 0.003),
synchronous chemotherapy (HR = 0.511; 95%CI = 0.309–0.847; P = 0.009) and tumour length (HR =
1.558; 95%CI = 1.074–2.259; P = 0.019) were signi�cant prognostic markers for OS (Table 2).

 

Toxicities

Table 3 summarises the haematological- and non-haematological-related adverse reactions observed
during treatment. Overall, grade 3 or 4 adverse reactions in haematology were mainly seen in neutropenia,
with 41 (35%) in the high-PNI group and 18 (23%) in the low-PNI group observed (P = 0.077). Grade 3 or 4
non-haematological adverse reactions were mainly seen in radiation esophagitis, with 12 (10%) in the
high-PNI group and 11 (14%) in the low-PNI group observed (P = 0.408). However, there were no
signi�cant differences between adverse events after treatment between the two groups.

Discussion
Recently, many research studies have found that the PNI has an important role in cancer development
and prognosis. However, to our knowledge, no studies have investigated the prognostic value of
pretreatment PNI in ESCC patients who received radical RT with or without synchronous chemotherapy.
We demonstrated the signi�cant predictive value of PNI in ESCC patients who received radical CRT or RT.
Our results showed that a high PNI (< 47.975 vs. ≥49.975) was signi�cantly associated with decreased
tumour length, T-stage and synchronous chemotherapy. Moreover, the low-PNI group was signi�cantly
associated with shorter OS in ESCC patients treated with radical CRT or RT, and pretreatment PNI was
shown by multivariate analysis to be an independent prognostic factor.
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The PNI, which is based on the serum albumin level and lymphocyte count, was originally proposed to
assess risk and prognosis of patients undergoing gastrointestinal surgery [13]. In recent years, an
increasing number of studies have used PNI to evaluate the prognosis of patients with malignant
tumours and have found that it has nothing to do with the location and origin of the tumour [14].
Thereafter, the PNI can be used to assess the prognosis of tumours as follows: (I) Serum albumin
pretreatment is of great value in tumour nutrition, and the PNI can contribute not only to understanding
the nutritional status of patients but also be used to determine the albumin level, which is useful because
the albumin level has been shown to have a negative correlation with cancer risk [16], so survival and
prognosis of tumour patients can be predicted. (II) Tumour-related in�ammation and malnutrition can
inhibit albumin synthesis, whereas hypoalbuminemia can re�ect the degree of in�ammation and may
negatively affect patient survival [17, 18]. (III) Low lymphocyte counts in cancer patients indicate an
immunosuppressed state and can lead to poor prognosis [19]. (IV) In the process of tumour development,
cancer cells can avoid and suppress the T-cell immune response in various ways [20, 21].

In recent years, several studies have begun to analyse the relationship between the PNI and prognosis in
patients with oesophageal cancer. However, there is some controversy regarding the PNI in oesophageal
cancer research. Han et al. [22] retrospectively analysed 206 patients with ESCC after esophagectomy
and found that a high PNI had a positive effect on OS in patients with ECSS, but the PNI was not found to
be an independent prognostic factor, which was not consistent with our �nding that the PNI was
signi�cantly associated with the OS (P = 0.002) and therefore the prognosis of oesophageal cancer. Our
multivariate analysis also showed that multiple variables were signi�cantly associated with OS in
oesophageal cancer, which was similar to the �ndings of Sun et al. [23]. The default PNI cutoff value is
50, which may deviate from the optimal PNI value for oesophageal cancer and in�uence the outcome of
prognostic factors.

In addition, a study conducted by Nakatani et al. [24] in 66 patients with ESCC who received neoadjuvant
chemotherapy found that patients with a PNI ≥ 45 had OS better than those with a PNI < 45 at 3 and
5 years (66.9%, 51.2% vs .33.3%, 0%, respectively), those with a PNI ≥ 45 had 3- and 5-year recurrence-free
survival (RFS) rates better than those with a PNI < 45 (60.7%, 41.8% vs. 33.3%, 0%, respectively), and the
preoperative PNI was an independent prognostic factor for OS and RFS. Hirahara et al. [25] conducted a
retrospective study in 169 patients who underwent radical oesophageal cancer surgery and found that a
PNI < 49.2 was an independent poor predictor of CSS and OS. In another retrospective study in 106
patients with cervical oesophageal cancer who underwent radiotherapy, Dai et al. [26] found signi�cantly
lower OS rates in the PNI < 48.15 group than in the PNI ≥ 48.15 group (P = 0.004). In the present study, the
ROC curve was used to calculate the optimal PNI cutoff value, which was 47.975. The 5-year OS was
signi�cantly better in the ESCC patients with a pretreatment PNI ≥ 47.975 than in those with a PNI < 
47.975, and PNI was an independent prognostic factor in the multivariate analysis. We also analysed the
change in PNI during the entire treatment process. The lowest PNI value in the treatment may be affected
by various interventions. Oesophageal cancer is one of the most common cancers that cause
malnutrition, and chemoradiation can lead to decreased appetite, obvious gastrointestinal reactions and
myelosuppression. Inhibition may lead to a decrease in the PNI value.
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In this study, we also found that PNI, tumour length and concurrent chemotherapy were independent
prognostic factors in ESCC. The prognosis of ESCC tumours < 5 cm in length is signi�cantly better than
those ≥ 5 cm in length, which is consistent with the results of oesophageal cancer treated with proton
radiation in another study [27]. In this study, the survival rate was better for patients who received
concurrent chemotherapy than for those who did not (5-year OS: 32.4% vs. 0%, respectively).
Chemotherapy has been previously shown to be associated with a favourable prognosis for oesophageal
cancer [28].

This study had several limitations. First, this was a single-centre retrospective study with a small sample
size. We were not able to demonstrate the effectiveness of PNI for predicting the prognosis of ESCC
patients treated with CRT because of our sample size, so a large-sample prospective study is needed.
Second, according to the PNI value we recorded throughout the treatment, but after the treatment, the PNI
value showed a signi�cant decline due to various factors, we had not found its value for prognosis.
Finally, the AUC was relatively low, so a more sensitive prediction model needs to be constructed.

Conclusion
Among ESCC patients who underwent radical RT, PNI before treatment was found to be a nutrition-based
prognostic factor. In clinical practice, the measurement of PNI is reliable, cheap and easy to obtain. For
patients with low-PNI levels before treatment, nutritional intervention should be provided in a timely
manner. Therefore, PNI will help clinical decision-making in tumour treatment options. Large-scale
prospective studies are needed to verify the accuracy and practicality of the PNI.

List Of Abbreviations
CI     Con�dence interval

CRT   Chemoradiotherapy

CT                   Computed tomography

CTV    Clinical target volume

ESCC  Oesophageal squamous cell carcinoma

GTV    Gross tumour volume

HR    Hazard ratio

KPS   Karnofsky Performance Status

OS                   Overall survival

PNI    Prognostic nutritional index
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Tables
Table 1 Basic and clinicopathological characteristics of 193 ESCC patients according to the
pre-treatment PNI
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Characteristics Patients, n (%) PNI < 47.975 (n=77) PNI ≥ 47.975 (n=116) P
Age (years)       0.719

<65 102 (52.85) 40 62  
≥65 91 (47.15) 37 54  

Sex       0.269
Male 149 (77.20) 60 89  
Female 44 (22.80) 17 27  

Smoking history       0.376
No 83 (43.01) 35 48  
Yes 110(56.99) 42 68  

Drinking history       0.885
No 83 (42.49) 33 50  
Yes 110 (56.99) 44 66  

KPS score       0.698
70 7 (3.63) 3 4  
80 96 (49.74) 35 62  
90 90 (46.63) 39 50  

Localisation        
Cervical 22 (11.40) 11 11 0.314
Upper thoracic 74 (38.34) 29 45  
Middle thoracic 83 (43.01) 30 53  
Lower thoracic 14 (7.25) 7 7  

Tumour length (cm)       0.035
<5.0 82 (42.49) 28 54  
≥5.0 111 (57.51) 49 62  

T-stage       0.007
T2 14 (7.25) 6 8  
T3 84 (43.52) 22 62  
T4 95 (49.22) 49 46  

N-stage       0.201
N0 1 (0.52) 1 0  
N1 73 (37.82) 28 45  
N2 88 (45.60) 32 56

 

 

  N3

N3

31 (16.06) 16 15  

TNM stages       0.931
II 9 (4.66) 3 6  
III 184 (95.34) 74 110  

BMI (kg/m2)       0.269
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<23.0 138 (71.50) 58 80  
≥23.0 55 (28.50) 19 36  

RT dose (Gy)       0.14
<60 12 (6.22) 9 3  
≥60 181 (93.78) 68 113  

Chemotherapy       0.04

No 23 (11.92) 13 10  
Yes 170 (87.56) 64 106  

BMI, body mass index; RT, radiotherapy; PNI, prognostic nutritional index; ESCC, oesophageal squamous cell carcinoma.

 

Table 2 Univariate analysis of prognostic factors for OS in patients with ESCC
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Characteristics Univariate analysis

 

Multivariate analysis

HR (95% CI) P HR (95% CI) P
Age (years)        

<65 1   1  
≥65 1.306 0.920–1.853 0.136 - 0.289

Sex        
Female 1   1  
Male 0.980(0.643–1.494) 0.926 - 0.997

Smoking history        
No 1   1  
Yes 1.151(0.807–1.643) 0.437 - 0.305

Drinking history        
No 1   1  
Yes 1.265(0.885–1.809) 0.197 - 0.134

KPS score        
70 1   1  
80 0.729(0.316–1.681) 0.729 - 0.261
90 0.573(0.246–1.339) 0.573 - 0.186

Localisation        
Cervical 1   1  
Upper thoracic 0.921(0.507–1.671) 0.786 - 0.790
Middle thoracic 0.971(0.539–1.749) 0.921 - 0.926
Lower thoracic 1.028(0.456–2.316) 0.947 - 0.843

Tumour length (cm)        
<5.0 1   1  
≥5.0 1.489 (1.038–2.136) 0.031 1.558 (1.074–2.259)

 

0.019

 
T-stage        

T2 1   1  
T3 0.999 (0.491–2.03) 0.997 - 0.353
T4 1.568 (0.780–3.153) 0.207 - 0.091

N-stage        
N0 1   1  
N1 0.441 (0.060–3.214) 0.419 - 0.129
N2 0.472 (0.065–3.427) 0.458 - 0.948
N3 0.798 (0.108–5.912) 0.825 - 0.039

TNM stage             
II 1   1  
III 1.785 (0.729–4.373) 0.205 - 0.084

BMI (kg/m2)        
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<23.0 1   1  
≥23.0 0.841 (0.569-1.242) 0.384 - 0.560

RT dose (Gy)        
<60 1   1  
≥60 1.052 (0.491-2.257) 0.896 - 0.499

Chemotherapy        

No 1   1  
Yes 0.552 (0.338-0.901) 0.017 0.511 (0.309-0.847)

 

0.009

 
PNI        

 <47.975 1   1  
 ≥47.975 0.550 (0.386-0.785) 0.001 0.584 (0.408-0.835)

 

0.003

 

BMI, body mass index; RT, radiotherapy; PNI, prognostic nutritional index; ESCC, oesophageal squamous cell carcinoma; HR,

hazard ratio; CI, con�dence interval.

 

Table 3 Adverse events during chemoradiotherapy
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Adverse reactions PNI < 47.975 (n=77) PNI ≥ 47.975 (n=116) P

Neutropenia      

Any grade 53 69% 94 81% 0.051

≥Grade 3 18 23% 41 35% 0.077

Anaemia      

Any grade 60 78% 72 62% 0.022

≥Grade 3 7 9% 6 5% 0.288

Thrombocytopenia      

Any grade 44 57% 65 56% 0.879

≥Grade 3 6 8% 16 14% 0.199

Anorexia/Vomiting      

Any grade 67 87% 103 89% 0.709

≥Grade 3 0 0% 1 1% 0.414

Radiation oesophagitis      

Any grade 77 100% 116 100% 1.000

≥Grade 3 11 14% 12 10% 0.408

Radiation pneumonitis      

Any grade 74 14% 107 92% 0.263

≥Grade 3 6 8% 6 5% 0.465

PNI, prognostic nutritional index.

Figures
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Figure 1

ROC curve for the PNI value for predicting the prognosis of ESCC. ROC, receiver operating characteristic;
PNI, prognostic nutritional index; ESCC, oesophageal squamous cell carcinoma.

Figure 2

Kaplan–Meier survival curves for 193 ESCC patients according to cutoff values for the PNI. ESCC,
oesophageal squamous cell carcinoma.

Figure 3

Changes in the PNI value during treatment. PNI, prognostic nutritional index.


