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Abstract

Purpose: Nutritional status is associated with the prognosis of esophageal cancer (EC) patients, which can infl uence treatment effi  cacy. Additionally, the effi  cacy of 
consolidation chemotherapy (CCT) after defi nitive chemoradiotherapy (DCRT) is unclear. This study aimed to explore the prognostic value of the prognostic nutritional index 
(PNI) at different treatment periods, as well as its infl uence on CCT effi  cacy.  

Methods: We reviewed the data of 106 patients with cT2-4N0-3M0 EC who received DCRT between December 2016 and October 2020. Survival analyses were performed 
to investigate the prognostic effect of PNI and CCT. 

Results:  The 3-year Progression-Free Survival (PFS) and Overall Survival (OS) rates were 41.58% and 49.31%, respectively. In the univariate analysis, tumor location, 
T stage, N stage, clinical stage, and post-radiation PNI were signifi cantly associated with PFS, whereas tumor location, N stage, clinical stage, CCT, and post-radiation PNI 
were associated with OS. Furthermore, post-radiation PNI was identifi ed as an independent risk indicator for PFS and OS, and CCT was identifi ed as an independent risk 
indicator for OS by multivariate analysis. Additionally, we found that PNI detected 60–120 days after radiotherapy may be an ideal prognostic predictor. CCT improved PFS 
and OS in patients with post-radiation PNI ≥ 41.98, but not in patients with post-radiation PNI < 41.98.

Conclusion: Our results revealed that post-radiation PNI and CCT were independently associated with survival in EC patients receiving DCRT. However, patients with low 
post-radiation PNI could not benefi t from CCT, indicating that it is unnecessary to add CCT after concurrent chemoradiotherapy in these patients.
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Introduction

Esophageal cancer (EC) is the eleventh most frequently 
diagnosed cancer and the seventh leading cause of cancer-
related death worldwide [1]. For patients with locally advanced 
unresectable esophageal cancer, defi nitive chemoradiotherapy 
(DCRT) is recommended as the preferred treatment option 
[2], which can result in a 5-year Overall Survival (OS) rate of 

26% – 44.3% [3,4]. However, the clinical application of DCRT 
has certain limitations because of its high risk of adverse 
events and the poor nutritional status of EC patients. It was 
reported that some EC patients have poor tolerance to DCRT 
because of poor basal nutritional status [5,6]. These patients 
not only fail to benefi t from treatment but also experience 
increased physical toxicity and economic burden.  Concurrent 
chemoradiotherapy followed by Consolidation Chemotherapy 
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(CCT) is the commonly used treatment strategy for DCRT, but 
the effect of CCT on EC patients remains controversial. Which 
type of EC patients can benefi t from CCT, and can nutritional 
status guide the application of CCT? This is worthy of further 
exploration.

 There is no doubt that nutritional status is an important 
prognostic factor for EC patients. The prognostic nutritional 
index (PNI), calculated by the serum albumin concentration 
and total lymphocyte count in peripheral blood, was reported 
as a prognostic predictor in several types of tumors, including 
EC, breast cancer, melanoma, and so on [7-10]. However, most 
of these current studies focused only on the prognostic value 
of baseline PNI, without exploring the prognostic value of PNI 
at different treatment periods. In addition, previous studies 
regarding prognostic factors came to different conclusions, 
possibly because the factors included in the analysis were not 
comprehensive enough [11-14].

 Therefore, we collected clinical data, including PNI at 
different treatment periods, to investigate the prognostic value 
of PNI and CCT in EC patients receiving DCRT from multiple 
dimensions.

Methods

Patients and clinical data

This retrospective study of outcomes after DCRT in EC 
patients was approved by the Research Ethics Committee of 
our hospital. Between December 2016 and October 2020, 481 EC 
patients received radiotherapy at our institution. We excluded 
351 patients who did not receive DCRT and 24 patients without 
complete medical records. Thus, 106 patients with clinical 
stages of cT2-4N0-3M0 were enrolled in the study. All patients 
were ≥18 years of age, had histologically confi rmed EC without 
distant metastases, received DCRT, and had complete survival 
and treatment information. Patients with distant metastasis, 
second primary tumor, or incomplete DCRT were excluded.

We retrospectively collected several clinical characteristics 
of patients, including age, sex, smoking history, alcohol use, 
baseline PNI, post-radiation PNI, PNI change, histological type, 
tumor location, clinical TNM stage, tumor length, gross tumor 
volume (GTV), radiation dose and number of chemotherapy 
cycles. The PNI was calculated as 10 × serum albumin (g/dL) 
+ 0.005 × total lymphocyte count (per mm3). PNI change was 
defi ned as the baseline PNI minus the post-radiation PNI. 
Tumor location was determined by endoscopy. A tumor 15 cm 
to 20 cm away from the superior incisor was defi ned as cervical, 
whereas tumors 20 cm to 25 cm, 25 cm to 30 cm, and 30 cm 
to 40 cm were defi ned as upper thoracic, middle thoracic, and 
lower thoracic, respectively. The stage of EC was determined 
based on the eighth edition of the American Joint Committee 
of Cancer (AJCC) TNM staging system for EC. C CT was defi ned 
as chemotherapy after concurrent chemoradiotherapy which 
was decided to be conducted according to the patient’s degree 
of tolerance to chemotherapy, patient willingness, effi cacy of 
DCRT, and other comprehensive factors.

The protocol of de fi nitive chemoradiotherapy

All patients received external beam radiation using 
intensity-modulated radiation therapy. We determined the 
GTV of the primary tumor (GTVp) using the borders of the 
primary esophageal tumor based on imaging examination. 
GTV of lymph nodes (GTVn) was defi ned by the enlarged 
regional lymph nodes, i.e., lymph nodes with short diameter 
≥ 1 cm (paraesophageal or tracheoesophageal groove ≥ 5 
mm) on computed tomography or endoscopic ultrasound, or 
lymph nodes with high standardized uptake value (except 
for infl ammatory lymph nodes) on 18F-fl uorodeoxyglucose-
positron emission tomography/computed tomography. The 
GTV consisted of GTVp and GTVn, which were calculated in cubic 
centimeters (cc) using the Varian Eclipse system. The clinical 
target volume included a 3 cm craniocaudal and a 0.5–0.8 cm 
radial margin around the GTVp, and a 1-cm craniocaudal and a 
0.5–0.8 cm radial margin around the GTVn, which included the 
area of subclinical involvement. The planning target volume 
was determined by including an area of 0.5 cm around the 
clinical target volume in all directions of tumor motion and 
setup variations. All plans were optimized such as D95 (DV is 
the absorbed dose in V% of the volume) ≥ the prescription dose 
and D1cc ≤ 115% of the prescription dose. The normal tissue-
dose constraints included Dmax < 45 Gy for the spinal cord, 
V30 < 45% for the heart, V20 < 25% for the lung, Dmax < 45 Gy 
for the intestine, and V30 < 30% for the liver. 

During radiotherapy, chemotherapy was administered 
with either paclitaxel and platinum every three weeks or 
fl uoropyrimidine and platinum every four weeks for 2 
cycles. The CCT regimen was the same as the concurrent 
chemoradiotherapy, which was administered three weeks or 
four weeks after the last concurrent chemotherapy for 2–4 
cycles. During DCRT and CCT, oral nutritional supplementation 
was preferred for EC patients with insuffi cient nutritional 
intake and tube feeding was selected for patients with high-
risk factors such as moderate-severe dysphagia and severe 
chemoradiotherapy esophageal mucositis affecting oral 
feeding. When enteral nutrition could not meet the patient’s 
nutritional needs, enteral nutrition combined with partial 
parenteral nutrition or total parenteral nutrition was selected.

Follow up

Patients were regularly followed up in the outpatient 
clinic or using telephone interviews. Clinical evaluations 
included a computed tomography scan of the neck-, thorax-, 
and abdomen performed every 3 to 6 months. Endoscopic 
examination and bone scan were performed to detect recurrence 
and metastasis when necessary. OS was defi ned as the interval 
from the beginning day of DCRT to the date of death or last 
follow-up. Progression-Free Survival (PFS) was calculated 
from the beginning day of DCRT until disease progression or 
death. Patients who were still alive or lost to follow-up were 
considered  as censored data for analysis of survival rates.

Statistical analysis

The statistical analyses were performed using SPSS software 
(version 23.0; IBM Corp., Armonk, NY, USA) and GraphPad 
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Prism 8.0 software (GraphPad, La Jolla, CA, USA). Categorical 
variables were presented as numbers and percentages, and 
groups were compared using the χ2 test or nonparametric 
methods, such as the Mann-Whitney test. Continuous variables 
were expressed as the means and standard deviations, and 
means were compared using Student’s t-test. Time-dependent 
Receiver Operating Characteristic (ROC) curve analysis was 
used to identify the optimal cut-off values of baseline PNI, 
post-radiation PNI, PNI change, tumor length, and GTV for 
predicting 15-month OS and to compare their predictive 
capacity. The survival time distribution was evaluated using 
the Kaplan-Meier method, and the log-rank test was used for 
comparisons. A multivariate Cox proportional hazard model 
was used to identify independent prognostic markers. A two-
tailed p < 0.05 was considered statistically signifi cant.

Results

Patient and tumor characteristics

To investigate the prognostic factors for EC patients 
receiving DCRT, we reviewed the data of 106 patients 
fulfi lling the study’s eligibility criteria between 2016 and 2020 
(Supplementary Fig ure 1). The collected information included 
age, sex, smoking history, alcohol use, baseline PNI, post-
radiation PNI, PNI change, histology, tumor location, T stage, 
N stage, clinical stage, tumor length, GTV, radiation dose, and 
CCT. As shown in Table 1, a majority of patients were males 
(79.2%) with esophageal squamous cell carcinoma (88.7%), 
and nearly half of the patients had a history of smoking (56.6%) 
and alcohol use (44.3%). More than half of the cancers were 
located in the upper (38.7%) and middle (28.3%) esophagus, 
and the most common stages were T3 (67.0%) and N1-2 
(67.0%). Most patients had locally advanced EC, i.e., stage III 
(50.9%) and IV (30.2%). In this study, most patients received 
DRCT with a radiation dose of no less than 60 Gy (62.3%), and 
over half of the patients (54.8%) received CCT.

Figure 1: Kaplan-Meier curves for progression-free survival and overall survival stratifi ed by PNI. Curves are shown for progression-free survival stratifi ed by (A) post-
radiation PNI, (B) baseline PNI, and (C) PNI change. Curves are shown for overall survival stratifi ed by (D) post-radiation PNI, (E) baseline PNI, and (F) PNI change. PNI, 
prognostic nutritional index.

In addition, we also collected information refl ecting 
nutritional status, including baseline PNI (mean: 47.57), post-
radiation PNI (mean: 44.11), and PNI change (mean: 4.19), and 
summarized information regarding tumor burden, including 
GTV (mean: 70.84 cm3) and tumor length (mean: 5.62 cm). 
Using the ROC analysis method, we determined the optimal 
cut-off values to be 47.95, 41.98, 4.97, 59.55 cm3, and 5.60 cm 
for baseline PNI, post-radiation PNI, PNI change, GTV, and 
tumor length, respectively (Supplementary Figure 2). Then, 
patients were divided into two groups based on the optimal 
cut-off values for further analysis.

Univariate and multivariate analyses of OS and PFS

The 3-year PFS rate was 41.58% with a median PFS of 24 
months, and the 3-year OS rate was 49.31% with a median OS 
of 29 months (Supplementary Figure 3A and 3B). Univariate 
analyses were performed using the abovementioned clinical 
features (Tables 2,3). The results showed that tumor location (p 
= 0.006), T stage (p = 0.014), N stage (p = 0.018), clinical stage 
(P = 0.003) and post-radiation PNI (p = 0.011) were signifi cantly 
associated with PFS, and that tumor location (p = 0.002), N 
stage (p = 0.043), clinical stage (p = 0.026), CCT (p = 0.008) and 
post-radiation PNI (p < 0.001) were signifi cantly associated 
with OS. More importantly, multivariate Cox regression 
analysis showed that post-radiation PNI was identifi ed as an 
independent risk indicator for PFS (Hazard Ratio (HR): 0.391, 
95% Confi dence Interval (CI): 0.177–0.862, p = 0.020) and OS 
(HR: 0.309, 95% CI: 0.116–0.823, p = 0.019), while CCT was 
identifi ed as an independent risk indicator for OS (HR: 0.383, 
95% CI: 0.150–0.978, p = 0.045) (Tables 2,3).

As shown by the Kaplan-Meier survival curves, patients with 
post-radiation PNI ≥ 41.98 were associated with better PFS (p 
= 0.011) and better OS (p < 0.001) (Figure 1A and 1D). However, 
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neither baseline PNI (Figure 1B and 1E) nor PNI change (Figure 
1C and 1F) can predict PFS or OS. The results above indicated 
that post-radiation PNI and CCT were signifi cant prognostic 
factors for EC patients undergoing DCRT. But how can the 
optimal time to detect PNI after DCRT be determined? Further 
analysis (Supplementary Figure 4) showed that post-radiation 
PNI could not predict PFS and OS when detected within 60 days 
after radiotherapy, but was associated with prognosis when 
detected 60–120 days after radiotherapy. PNI detected 60–120 
day s after radiotherapy may be an ideal prognostic predictor.

Correlation between post-radiation PNI and clinical cha-
racteristics

Then, we investigated the relationships between PNI and 
other clinical characteristics. As shown in Supplementary 
Table 1, there was a signifi cant difference in smoking history 
between post-radiation PNI ≥ 41.98 and post-radiation PNI < 
41.98 groups (p = 0.030). Otherwise, no signifi cant differences 
were observed in terms of sex, age, histology, tumor location, 
T stage, N stage, clinical stage, tumor length, GTV, radiation 
dose, and CCT, which suggests that the two groups were well-
balanced for analysis.

Survival analyses of interactions between post-radiation 
PNI and other variables

To determine whether the prognostic effect of post-
radiation PNI on OS was infl uenced by any of the other clinical 
and treatment variables, we performed a subgroup analysis. 
Figure 2 shows that the benefi t of post-radiation PNI ≥ 41.98 
concerning overall survival was evident in the subgroups 
examined, including age, sex, smoking history, alcohol use, 
location, T stage, N stage, clinical stage, length, GTV, and 
radiation dose (P > 0.050 for all interactions). Interestingly, 
we found a potential modifying effect of CCT (p = 0.043 for 

Table 1: Patients and treatment characteristics.

Variables Study Cohort (n = 106) a

Age (yr) b 61.79 ± 11.05

Sex
 Male

 Female
84 (79.2)
22 (20.8) 

Smoking history
 Yes
 No

60 (56.6)
46 (43.4)

Alcohol use
 Yes
 No

47 (44.3)
59 (55.7)

Histology
 SCC

 Others
94 (88.7)
12 (11.3)

Location
 Cervical

 Upper thoracic
 Middle thoracic
 Lower thoracic

 Others

17 (16.1)
24 (22.6)
30 (28.3)
23 (21.7)
12 (11.3)

T stage
 T2
 T3
 T4

 Unknown

6 (5.6)
71 (67.0)
25 (23.6)

4 (3.8)
N stage

 N0
 N1
 N2
 N3

 Unknown

20 (18.8)
30 (28.3)
41 (38.7)
13 (12.3)

2 (1.9)
Clinical stage

 II
 III

 IVA
 Unknown

16 (15.1)
54 (50.9)
32 (30.2)

4 (3.8)

Length (cm) b 5.62 ± 2.46

GTV (cm3) b 70.84 ± 53.46

PNI
Baseline PNI b

Post-radiation PNI b

PNI change b

47.57 ± 5.44
44.11 ± 5.32
4.19 ± 6.91

Radiation dose
 ≥ 60 Gy
 < 60 Gy 

66 (62.3)
40 (37.3)

CCT
 Yes
 No

57 (54.8)
49 (46.2)

Abbreviations: SCC: Squamous Cell Carcinoma; GTV: Gross Tumor Volume; PNI: 
Prognostic Nutritional Index; CCT: Consolidation Chemotherapy.
aExcept where indicated, data are numbers of patients (%).
bData are mean ± standard deviation (SD). 

Figure 2: Subgroup analysis of overall survival. Shown are the results of subgroup 
analyses of the post-radiation PNI effect on overall survival. Hazard ratios for death 
in the group with post-radiation PNI of more than 41.98, as compared with the group 
with post-radiation PNI of less than 41.98, are shown along with 95% confi dence 
intervals. PNI, prognostic nutritional index; 95% CI, 95% confi dence interval; GTV, 
gross tumor volume; CCT, consolidation chemotherapy; cc, cubic centimeters.
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interaction) on the correlation between post-radiation PNI and 
OS.

Survival analysis of post-radiation PNI and consolida-
tion chemotherapy

Finally, we combined post-radiation PNI and treatment 
information for a comprehensive survival analysis. Surprisingly, 
it is shown in Figure 3 that CCT could signifi cantly improve 
the PFS and OS in EC patients with high post-radiation PNI (≥ 
41.98), but not in patients with low post-radiation PNI (< 41.98) 
(Figure 3A and 3B). These results suggested that post-radiation 
PNI was associated with the effi cacy of chemotherapy. It is 
important and necessary to perform nutrition monitoring and 
nutrition support during treatment for EC patients receiving 
DCRT.

Discussion

In the present study, post-radiation PNI with a cut-
off value of 41.98 and CCT were identifi ed as independent 
prognostic factors of EC patients receiving DCRT. Additionally, 
the optimal time to detect PNI may be 60–120 days after 

radiotherapy. Notably, patients with low p ost-radiation PNI (< 
41.98) could not benefi t from CCT. The results showed in our 
s tudy that the 3-year OS rate was 49.31%. However, a phase III 
clinical trial in China [4] reported that the 3-year and 5-year 
OS rates were up to 55.4% and 44.3%, respectively, in locally 
advanced EC patients treated with DCRT. After further analysis, 
we found that 79.3% of patients completed at least one cycle 
of CCT in this phase III clinical trial. In our study, only 54.8% 
of the patients received at least one cycle of CCT. It seems that 
patients in this phase III clinical trial received higher-intensity 
therapy. Moreover, our study was a real-world retrospective 
study with most of the patients in poor general condition and 
adherence. In contrast, patients selected in the prospective 
clinical study were in good general condition due to the strict 
inclusion and exclusion criteria.

EC patients, especially those with locally advanced disease, 
are at a high risk of malnutrition because of dysphagia, 
odynophagia, anorexia, and so on [15-18]. The Nutrition Risk 
Screening 2002 (NRS-2002) [19-21] and Patient-Generated 
Subjective Global Assessment (PG-SGA) [22,23] have been 
widely used for nutritional assessment. However, these 

Table 2: Univariate and multivariate analysis of progression-free survival.

Variables
Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p
Age (≥ 65 vs. < 65 yr) 0.942 (0.530–1.676) 0.838
Sex (male vs. female) 1.254 (0.635–2.477) 0.533
Smoking (yes vs. no) 1.572 (0.882–2.801) 0.123

Alcohol use (yes vs no) 1.355 (0.742–2.471) 0.295
Location (cervical, upper vs. middle, lower) 0.397 (0.210–0.749) 0.006 - 0.325

T stage (T2-3 vs. T4) 0.459 (0.206–1.026) 0.014 - 0.284
N stage (N0-1 vs. N2-3) 0.489 (0.255–0.940) 0.018 - 0.680

Clinical stage (II-III vs. IVA) 0.389 (0.171–0.882) 0.003 - 0.057
Length (≥ 5.60 vs. < 5.60 cm) 1.326 (0.707–2.489) 0.354
GTV (≥ 59.55 vs. < 59.55 cm3) 1.760 (0.964–3.241) 0.053

Baseline PNI (≥ 47.95 vs. < 47.95) 0.579 (0.306–1.094) 0.094
Post-radiation PNI (≥ 41.98 vs. < 41.98) 0.417 (0.186–0.936) 0.011 0.391 (0.177–0.862) 0.020

PNI change (≥ 4.97 vs. < 4.97) 1.292 (0.589–2.834) 0.500
Radiation dose (≥ 60 vs. < 60 Gy) 0.981 (0.532–1.809) 0.949

CCT (yes vs. no) 0.608 (0.335–1.102) 0.094
Abbreviations: HR: Hazard Ratio; 95% CI: 95% confi dence interval; GTV: Gross Tumor Volume; PNI: Prognostic Nutritional Index; CCT: Consolidation Chemotherapy.

Table 3: Univariate and multivariate analysis of overall survival.

Variables
Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p
Age (≥ 65 vs. < 65 yr) 1.411 (0.731–2.725) 0.294
Sex (male vs. female) 0.867 (0.396–1.897) 0.707
Smoking (yes vs. no) 1.317 (0.679–2.555) 0.412

Alcohol use (yes vs. no) 1.783 (0.898–3.537) 0.078
Location (cervical, upper vs. middle, lower) 0.287 (0.142–0.581) 0.002 - 0.364

T stage (T2-3 vs. T4) 0.558 (0.219–1.422) 0.222
N stage (N0-1 vs. N2-3) 0.498 (0.247–1.004) 0.043 - 0.195

Clinical stage (II-III vs. IVA) 0.378 (0.160–0.889) 0.026 - 0.054
Length (≥ 5.60 vs. <5.60 cm) 1.057 (0.517–2.160) 0.877

GTV (≥ 59.55 vs. < 59.55 cm3) 1.634 (0.813–3.285) 0.148
Baseline PNI (≥ 47.95 vs. < 47.95) 0.677 (0.331–1.385) 0.287

Post-radiation PNI (≥ 41.98 vs. < 41.98) 0.242 (0.097–0.605) < 0.001 0.309 (0.116–0.823) 0.019
PNI change ( �≥ 4.97 vs. < 4.97) 1.997 (0.809–4.926) 0.108

Radiation dose (≥ 60 vs. < 60 Gy) 0.908 (0.456–1.809) 0.777
CCT (yes vs. no) 0.403 (0.206–0.785) 0.008 0.383 (0.150–0.978) 0.045

Abbreviations: HR: Hazard Ratio; 95% CI: 95% Confi dence Interval; GTV: Gross Tumor Volume; PNI: Prognostic Nutritional Index; CCT: Consolidation Chemotherapy
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Figure 3: Kaplan-Meier curves for progression-free survival and overall survival stratifi ed by post-radiation PNI and consolidation chemotherapy. Curves are shown for (A) 
progression-free survival and (B) overall survival stratifi ed by post-radiation PNI and CCT. ns, p > 0.05, * p < 0.05, ** p < 0.01 by log-rank test. PNI, prognostic nutritional index; 
CCT, consolidation chemotherapy.

nutrition assessment methods are greatly subjective with 
a high workload, which has some limitations in this study. 
PNI, which quantifi es the nutritional and immune status 
of patients to some extent, is a simple and useful survival 
indicator. Okadome et al. suggested that pre-treatment PNI 
was associated with the local immune response and survival of 
EC patients [7]. Nakatani, et al. found that baseline PNI was a 
useful marker for predicting clinical outcomes [24]. In contrast 
to previous studies, we further explored the prognostic value 
of PNI at different treatment periods and found that post-
radiation PNI was superior to baseline PNI or PNI change in 
predicting the outcomes of EC patients undergoing DCRT. This 
result indicated that the nutritional status of patients after 
DRCT deserves our close attention. Timely nutritional support 
therapy should be provided for patients with lower post-
radiation PNI. It is interesting that why post-radiation PNI 
affects survival, PNI change does not. It is easy to understand 
why this may be the case. The PNI change is defi ned as the 
baseline PNI minus the post-radiation PNI, which can only 
refl ect the changing trend of PNI before and after radiotherapy 
but not the nutritional status of the patients at some time. Even 
though patients have the same values of PNI change, there may 
be an enormous difference in the values of their baseline PNI 
or post-radiation PNI. Therefore, post-radiation PNI, which 
refl ects the nutritional and immune status after radiotherapy, 
rather than PNI change is an essential prognostic factor of EC 
patients receiving DCRT. 

In this study, the post-radiation PNI was measured within 
120 days after DCRT because the post-radiation PNI data at a 
fi xed period were hard to collect in a retrospective study. The 
time of evaluation of PNI may change the PNI. Therefore, we 
preliminarily explored the appropriate detection time of post-
radiation PNI and found that PNI detected 60–120 days after 
radiotherapy may be able to better predict the prognosis of EC 
patients. At 60 to 120 days after DCRT, almost all patients had 
fi nished the full course of DCRT and CCT. In this period, the 
PNI values are relatively stable and do not fl uctuate greatly 
with treatment, which makes it a useful indicator.

According to the results of the RTOG 85-01 [3] and 
PRODIGE5/ACCORD17 [25] trials, the National Comprehensive 
Cancer Network (NCCN) guidelines recommend concurrent 
chemoradiotherapy combined with CCT as the standard 
treatment regimen for DCRT. However, the reason why CCT is 
added to DCRT has not been clarifi ed, and the prognostic impact 
of CCT after concurrent chemoradioth erapy on EC patients 
remains controversial. It was reported in a retrospective study 
[26] that CCT did not improve PFS and OS in EC patients, 
whereas Xia, et al. [27] suggested that CCT signifi cantly 
prolonged PFS and OS in EC patients. Our results showed that 
patients treated with CCT had longer OS. CCT is necessary for 
EC patients undergoing DCRT. 

Malnutrition may reduce the sensitivity of 
chemoradiotherapy, increase the side effects, and decrease the 
treatment effect and quality of life [28,29]. Similarly, we found 
that EC patients with post-radiation PNI ≥ 41.98 could benefi t 
from CCT, but patients with post-radiation PNI < 41.98 could 
not benefi t from CCT, which indicated that post-radiation PNI 
was signifi cantly associated with the treatment response. For 
patients with post-radiation PNI < 41.98, the choice of CCT 
should be approached with caution, because it did not improve 
the prognosis but instead increased the risk of toxic side 
effects as well as their economic burden. Thus, it is necessary 
to pay close attention to post-radiation PNI and take effective 
intervention measures in time to improve treatment effi cacy.

However, our study also has the limitations inherent to 
retrospective observational studies. On the one hand, this was a 
retrospective study performed at a single institution; therefore, 
the results are waiting to be verifi ed by prospective clinical 
trials. On the other hand, there were many other reported 
nutritional indices currently, such as neutrophil-lymphocyte 
count ratio (NLR), controlling nutritional status score (CONUT), 
nutritional risk index (NRI), systemic immune-infl ammatory 
index (SII), body mass index (BMI), and so on. It was reported 
that NRI and coNRI-NLR models may be important prognostic 
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factors among immune indicators (including PNI, NRI, NLR, 
and SII) [30]. Yi-Shen Mao, et al. [31] suggested that CONUT 
might have a higher sensitivity and specifi city in predicting 
complications and survival compared with PNI. Jinyu Shi, et 
al. [32] showed that PNI showed the highest predictive ability 
for patient prognosis among the nutritional assessments 
(including patient-generated subjective nutrition assessment 
(PGSGA), global leadership initiative on malnutrition (GLIM), 
CONUT, NRI, and PNI). Therefore, different studies have reached 
different conclusions. We did not compare the predictive ability 
of PNI with other well-established nutritional indices, which is 
the work we will focus on next.

Conclusion

This study identifi ed post-radiation PNI instead of baseline 
PNI or PNI changes as an independent prognostic factor for 
long-term survival in EC patients receiving DCRT. In addition, 
patients treated with CCT were associated with longer survival, 
but those with low post-radiation PNI could not benefi t 
from CCT. These fi ndings emphasize that it is important and 
necessary for esophageal cancer patients to perform nutritional 
monitoring and management during DCRT. 
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