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Inflammatory and Nutritional 
Biomarkers in Patients  
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B
ased on World Health Organization 

(2022) estimates, esophageal cancer 

is the seventh most frequently diag-

nosed malignant neoplasm and the 

sixth leading cause of cancer-related 

mortality worldwide. In 2023, about 21,560 cases were 

anticipated to be diagnosed, with 16,120 expected 

fatalities from this disease (Siegel et al., 2023). The 

pathologic subtypes of esophageal cancer exhibit dis-

tinct geographic distribution patterns. Esophageal 

squamous cell carcinoma (ESCC) is predominantly 

observed in East Asia, such as in Taiwan, and is partic-

ularly prominent in the Asian Esophageal Cancer Belt 

region on the world map; its prevalence is expected 

to rise because of increased tobacco smoking, betel 

nut chewing, and alcohol consumption (Chen, Chen, 

et al., 2022). The significant geographic and histologic 

variations in esophageal cancer incidence rates pose 

challenges in comprehending its pathophysiology and 

management. Surgery continues to be the primary 

treatment for early-stage esophageal cancer. Patients 

with stage I cancer typically undergo surgery alone 

or in combination with chemotherapy and radiation 

therapy (CRT) (Lagergren et al., 2017). For locally ad-

vanced ESCC, neoadjuvant CRT (nCRT) followed by 

surgery is the standard approach (Ajani et al., 2019; 

Muro et al., 2019). However, despite recent advance-

ments in interprofessional interventions, the quality 

of life of patients with esophageal cancer remains 

substantially decreased, and the overall prognosis 

remains unfavorable, with a five-year survival rate of 

30% (Sudo et al., 2021).

For resectable advanced esophageal cancer (stages 

II and III), nCRT is the predominant form of treatment 
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in Taiwan (Ho et al., 2018). About 60% of patients 

receiving CRT may encounter substantial side effects. 

Radiation therapy induces effects such as odynophagia, 

esophageal narrowing, and esophagitis (De Ruysscher 

et al., 2019). Chemotherapy also results in myelosup-

pression, anorexia, and vomiting (Wang, Dai, et al., 

2023). These side effects can result in reduced CRT 

tolerance, prolonged hospital stays, and diminished 

quality of life, thereby potentially affecting overall 

survival (OS) (Wang, Li, et al., 2023; Wong & Law, 

2017). Research indicates that sufficient nutritional 

support and effective management are crucial factors 

in enhancing immune function, reducing complica-

tions, and improving the overall prognosis of patients 

(Jordan et al., 2018). In addition, nurses play a critical 

role in guiding patients through nCRT. Identifying 

predictive factors for severe adverse events (AEs) and 

long-term prognosis is necessary for more tailored 

patient management to prevent unplanned acute care 

events among individuals undergoing cancer treatment 

(Osterman et al., 2022).

Esophageal cancer tumor progression and prog-

nosis in patients are influenced by tumor pathology, 

pretreatment systemic inflammation, and nutritional 

status (Li et al., 2022; Liu et al., 2017; Liu & Lin, 

2019; Watanabe et al., 2020). In the context of tumor 

biology, inflammation assumes a pivotal role in 

the tumor initiation, proliferation, and metastasis 

(Grivennikov et al., 2010; Han et al., 2020). The mag-

nitude of inflammation can be indirectly explored via 

the measurement of systemic inflammation blood-

based indicators, such as neutrophil-to-lymphocyte 

ratio (NLR), platelet-to-lymphocyte ratio (PLR), and 

monocyte-to-lymphocyte ratio, that have emerged 

as valuable predictors of prognosis in esophageal 

cancer (Li et al., 2022; Liu et al., 2017; Liu & Lin, 

2019). Malnutrition is more prevalent in esophageal 

cancer compared with other tumor types, particularly 

in patients with locally advanced disease (Okada et 

al., 2021). In addition, malnutrition can significantly 

influence the treatment tolerance and prognosis of 

patients with esophageal cancer (Cao et al., 2021). 

When oral intake is insufficient to meet the nutritional 

needs, alternative enteral routes are recommended 

(Wang, Dai, et al., 2023). Numerous studies have used 

prognostic nutritional index (PNI) as a prognostic 

indicator for esophageal cancer (Aoyama et al., 2023; 

Hao et al., 2020; Liao et al., 2020; Xue et al., 2019). 

PNI, derived from serum albumin levels and total cir-

culating lymphocyte counts, reflects the nutritional 

and immunologic status of patients with cancer (Yan 

et al., 2022). In the context of PNI composition, albu-

min is crucial to facilitating nutrition transport and 

participating in metabolic processes (Infusino & 

Panteghini, 2013). In addition, lymphocytes encom-

passing B and T lymphocytes and their effector cells 

are essential components of the adaptive immune 

response (Zhao et al., 2017). Higher NLR and PLR 

and lower PNI are correlated with poor prognosis in 

patients with ESCC (Chen, Lee, et al., 2022; Hao et al., 

2020; Liao et al., 2020; Xue et al., 2019).

The present research framework consolidates the 

perspectives of inflammation and nutrition within 

the domain of cancer biology. The concept of low 

PNI was first identified by Buzby et al. (1980) as a 

predictor for postoperative complications follow-

ing abdominal and thoracic surgeries. Onodera et 

al. (1984) later refined and applied PNI in gastroin-

testinal cancer surgery for malnourished patients. 

Considering the significance of inflammation and 

nutritional status in oncology practice and applica-

tion, the theoretical framework of the current work 

was inspired by Hsueh et al. (2022), incorporating 

the use of PNI and various inflammatory markers for 

predicting survival. In addition, the outcome vari-

ables in this work extend beyond survival status to 

include the prediction of treatment-related AEs and 

infection events.

To date, investigations on the link of pretreatment 

NLR, PLR, and PNI with the incidence of acute tox-

icity, complications, or infection events during nCRT 

in patients with ESCC are scarce. The relationship 

FIGURE 1. CONSORT Flow Diagram

CONSORT— Consolidated Standards of Reporting Trials

Patients newly diagnosed 

with esophageal  

squamous cell  

carcinoma from 2013  

to 2019 (n = 450)

Excluded (N = 206)

 ɐ Stage I and IV (n = 90)

 ɐ Only radiation therapy 

or surgery (n = 80)

 ɐ Not primary cancer 

(n = 36)

Patients received neo-

adjuvant chemotherapy 

and radiation therapy  

(n = 244)

Patients enrolled  

(N = 213)

Excluded (N = 31)

 ɐ Incomplete medical 

records (n = 9)

 ɐ Refused surgery  

(n = 9)

 ɐ Only 1 course of  

chemotherapy (n = 7)

 ɐ Transfers to other 

hospitals (n = 6)
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between treatment-related AEs and survival in 

patients with ESCC also needs to be more adequately 

established. To address the gaps in the literature, 

the present study primarily aimed to investigate the 

association of pretreatment NLR, PLR, and PNI with 

the nCRT-related toxicity and survival outcomes of 

patients with ESCC who underwent nCRT. The find-

ings have implications for nursing care because they 

highlight the significance of assessing crucial predic-

tive factors that promptly identify high-risk patients. 

In addition, the application of assessment results 

during the initial stages of nCRT can be instrumen-

tal in strengthening interprofessional collaboration 

aiming to reduce subsequent complications.

Methods

Study Design

The current study used a retrospective design, 

extracting data from the electronic health records of 

newly diagnosed patients with ESCC who underwent 

nCRT between January 1, 2013, and December 31, 

2019. The study design followed the guidelines pro-

vided by the STROBE (Vandenbroucke et al., 2007) 

checklist for cohort studies (von Elm et al., 2008). 

This study obtained ethical approval from the institu-

tional review board of the Research Ethics Committee 

at Hualien Tzu Chi Hospital and Buddhist Tzu Chi 

Medical Foundation (IRB110-082-B). Given the retro-

spective and observational nature of this research, the 

requirement for informed consent was waived.

Sample and Setting

This study was conducted in a 1,000-bed general hos-

pital in an academic medical center at Hualien Tzu 

Chi Hospital in Taiwan. About 65 patients with ESCC 

are treated in the hospital annually. Eligible patients 

included in the study were diagnosed with ESCC stages 

II–III. Cancer staging was performed according to the 

seventh edition of the American Joint Committee on 

Cancer staging manual (Rice et al., 2010). All patients 

were treated with the same nCRT regimen. The nCRT 

regimen (Herskovic et al., 1992) included radiation 

therapy with a median prescribed dose of 45 Gy (range =  

40–50.4 Gy) and a frequency of five fractions per week. 

Patients underwent two (29-day) cycles of chemo-

therapy. The authors excluded patients with a prior 

history of cancer, active infections, or immunodefi-

ciency conditions (i.e., HIV or hepatitis B/C carriers), 

as well as those who were transferred or had incom-

plete medical records (i.e., missing treatment details 

or physiological parameters) or a gap of more than 

14 days between chemotherapy and radiation therapy 

TABLE 1. Sample Characteristics (N = 213)

Characteristic Mediana IQRa

Age at diagnosis (years) 57 51–63.5

Albumin (g/dl) 3.8 3.2–4.1

Prognostic nutritional index 38 32–41.1

Neutrophil-to-lymphocyte ratio 4.9 3.2–7.8

Platelet-to-lymphocyte ratio 215.1 146.9–342.9

Characteristic n %

Age (years)  

Younger than 65 164 77

65 or older 49 23

Sex

Male 192 90

Female 21 10

Smoking history

Never 25 12

Former 69 32

Current 119 56

Betel nut chewing

Never 47 22

Former 32 15

Current 134 63

Alcohol consumption

Never 23 11

Former 46 22

Current 144 68

Charlson Comorbidity Index

Less than 5 203 95

5 or greater 10 5

Tumor location

Upper 56 26

Middle 91 43

Lower 66 31

Clinical stage

II 80 38

III 133 62

Albumin (g/dl)

3.5 or greater 139 65

Less than 3.5 74 35

Jejunostomy placement

Yes 138 65

No 75 35

a Nonparametric Mann–Whitney U test 
IQR—interquartile range 
Note. Because of rounding, percentages may not total 100.
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initiation. Esophagectomy was scheduled for four to 

eight weeks after completion of nCRT. Following the 

practices of this medical center, the nutritional care 

protocol suggested jejunostomy placement for patients 

with dietary energy intake below 20 kcal/kg/day for 

more than a week before nCRT. A dietitian provided 

weekly nutritional counseling to assess the nutritional 

status and support needs of patients with esophageal 

cancer during nCRT.

Procedures and Measures

Data for eligible patients were acquired from the 

Cancer Center of Hualien Tzu Chi Hospital. All vari-

able data were obtained from the electronic health 

records of the patients. Baseline demographic and 

clinical characteristics were obtained from patients 

initially admitted for chemotherapy. This information 

included age at diagnosis, sex, smoking history, alco-

hol consumption, and betel nut chewing. Comorbidity 

information was further abstracted from the medical 

records and assessed using the Charlson Comorbidity 

Index following the transformation rule outlined in a 

prior study (Deyo et al., 1992). Data on the tumor loca-

tion of ESCC (upper, middle, and lower segments), 

clinical tumor stage according to the seventh edition 

of the American Joint Committee on Cancer staging 

manual, and jejunostomy tube placement status (i.e., 

with or without) were also obtained. Pretreatment 

inflammatory and nutritional biomarkers were 

collected within one week before nCRT. NLR and 

PLR were derived from complete blood count and dif-

ferential count, calculated as the ratios of neutrophil 

and platelet count to lymphocyte counts, respectively 

(Yodying et al., 2016). A higher score indicates severe 

inflammatory status. PNI was determined by adding 

the albumin value to five times the lymphocyte count 

(Nakatani et al., 2017). Low PNI may result from 

reduced albumin levels and/or decreased lymphocyte 

counts.

Outcome variables included the treatment-related 

AEs grade 3 or greater and survival status. The AEs 

were assessed at least weekly during nCRT and graded 

using the National Cancer Institute Cancer Therapy 

Evaluation Program (2017) Common Terminology 

Criteria for Adverse Events, version 5.0. Infection 

event occurrences were recorded starting two days 

after the initiation of nCRT and continued to be 

recorded for a period of six weeks following the com-

pletion of radiation therapy. Infection was established 

based on the identification of at least one positive cul-

ture for bacteria or fungi, and the inception of infection 

was defined as the date when positive culture findings 

were obtained. For patients who had multiple cultures 

positive for the same organism, infection events were 

considered independent if they occurred within 30 

days. Regarding polymicrobial infections, each isolated 

causative organism was considered a separate infection 

event. The recording period for pneumonia occurrence 

is consistent with the collection of infection events. 

Pneumonia was defined by hospitalizations assigned 

a discharge diagnosis, an outpatient visit, or an emer-

gency department visit with a pneumonia code range of 

480–488 according to the International Classification 

of Diseases, Ninth Revision (Higgins et al., 2020). 

Survival status was determined for OS and disease-free 

survival (DFS). Patients were followed up until death 

or December 31, 2020, whichever occurred first. OS 

was defined as the time from nCRT until death from 

any cause, whereas DFS was defined as the time from 

nCRT to the date of first relapse, progression, or death 

from any cause.

Data Analysis

According to the formal guidance on sample size 

calculations for real-world retrospective medi-

cal chart review studies, a minimum sample size of 

200 is required (Johnston et al., 2019). For variables 

with a skewed distribution, such as age, albumin, 

PNI, NLR, and PLR, median and interquartile range 

were used. Categorical variables were expressed as 

number and percentage. The association between 

TABLE 2. Number and Grading of Treatment- 

Related Adverse Events (N = 213)

Grade 3 Grade 4

Event n % n %

Hematologic

Neutropenia 61 29 – –

Leukocytopenia 28 13 4 2

Anemia 21 10 2 1

Neutropenic fever 20 9 – –

Thrombocytopenia 3 2 – –

Nonhematologic

Mucositis 109 51 – –

Infection 82 39 – –

Pneumonia 22 10 – –
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baseline characteristics and nCRT-related severe AEs 

was assessed using logistic regression analysis. Cox 

regression analysis was performed for baseline char-

acteristics, biomarkers, and AEs regarding mortality. 

When continuous variables, such as NLR, PLR, and 

PNI, exhibited significant predictive value in multi-

variate regression, receiver operating characteristic 

curve analysis was used for determining the optimal 

cutoff value based on Youden’s (1950) index. The Cox 

regression model of OS and DFS was used to explore 

the association between the baseline characteristics, 

severe AEs, and survival outcomes of patients. A p 

value of < 0.05 was considered statistically significant. 

Analyses were performed using IBM SPSS Statistics, 

version 28.0.

Results

Baseline Demographic and Clinical Characteristics

A total of 244 patients with ESCC stages II and III who 

underwent nCRT from January 1, 2013, to December 31, 

2019, were identified for this study. Thirty-one patients 

were excluded because of incomplete medical records, 

refused surgery, only one course of chemotherapy, and 

transfers to other hospitals. Figure 1 illustrates the flow 

diagram of the included patients. Finally, 213 patients 

(192 men and 21 women) were evaluated. Table 1 dis-

plays the baseline characteristics of the patients.

Baseline Characteristics Associated With the Severity 

of AEs in Chemotherapy and Radiation Therapy

Table 2 lists the treatment toxicities of nCRT. The 

most common grade 3 hematologic toxicities were 

neutropenia, and two patients (1%) experienced grade 

4 anemia. The most common grade 3 nonhematologic 

toxicity was mucositis. In addition, 82 patients (39%) 

experienced grade 3 infections, and 22 patients (10%) 

experienced grade 3 pneumonia. The primary source 

of wound infection was predominantly attributed to 

the jejunostomy site (data not shown). Based on these 

findings, severe AEs with an incidence rate exceeding 

10% and associated with significant clinical mortal-

ity risk factors, such as neutropenia, pneumonia, and 

infections, were included in the regression model. The 

construction of receiver operating characteristic curves 

for PNI in relation to pneumonia and infection events 

resulted in optimal cutoff values of 38 and 40, respec-

tively, with an area under the curve of 0.7 (see Figure 

2). Table 3 presents the findings of the univariate and 

multivariate logistic analyses. The multivariate logistic 

regression showed that age (odds ratio [OR] = 3.03, 95% 

FIGURE 2. Receiver Operating Characteristic Curves for Determining Optimal Cutoff Value  

of the Pretreatment PNI for Pneumonitis (A) and Infections (B)

PNI—prognostic nutritional index
Note. A: area under the curve = 0.708 and p < 0.001; B: area under the curve = 0.714 and p < 0.003.
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TABLE 3. Logistic Regression Analysis for Predicting Severe Adverse Events in Neoadjuvant Chemotherapy  

and Radiation Therapy

Neutropenia Pneumonia Infections

Univariate Univariate Multivariate Univariate Multivariate

Variable OR

95% 

CI p OR

95% 

CI p OR

95% 

CI p OR

95% 

CI p OR

95% 

CI p

NLRa 1.09 [0.94, 

1.08]

0.784 1.05 [0.97, 

1.14]

0.182 – – – 0.99 [0.96, 

1.01]

0.975 – – –

PLRa 1 [0.99, 

1]

0.6 1.01 [0.99, 

1.02]

0.468 – – – 1 [0.99, 

1.02]

0.86 – – –

Age (years)

< 65 1 – – 1 – – 1 – – 1 – – – – –

≥ 65 0.66 [0.31, 

1.39]

0.277 2.9 [1.14, 

7.38]

0.025 3.03 [1.05, 

8.7]

0.039 0.78 [0.39, 

1.53]

0.475 – – –

Sex

Male 1 – – 1 – – – – – 1 – – – – –

Female 0.75 [0.26, 

2.17]

0.607 0.59 [0.42, 

5.93]

0.488 – – – 0.63 [0.23, 

1.7]

0.365 – – –

Smoking history

Never 1 – – 1 – – – – – 1 – – – – –

Former 1.13 [0.42, 

3]

0.801 1.06 [0.23, 

3.95]

0.957 – – – 1.46 [0.53, 

3.97]

0.458 – – –

Current 1.68 [0.26, 

1.75]

0.429 1.68 [0.17, 

2.69]

0.589 – – – 1.76 [0.68, 

4.54]

0.241 – – –

Betel nut chewing

Never 1 – – 1 – – – – – 1 – – – – –

Former 1.07 [0.4, 

2.83]

0.89 1.59 [0.14, 

2.48]

0.473 – – – 1.1 [0.44, 

2.76]

0.835 – – –

Current 1.89 [0.43, 

1.86]

0.776 1.51 [0.18, 

1.43]

0.205 – – – 1.94 [0.47, 

1.86]

0.759 – – –

Alcohol consumption

Never 1 – – 1 – – - – – 1 – – – – –

Former 1.9 [0.3, 

2.69]

0.851 2.63 [0.54, 

3.52]

0.161 – – – 1.2 [0.42, 

3.41]

0.725 – – –

Current 1.91 [0.34, 

2.37]

0.847 2.03 [0.25, 

9.64]

0.506 – – – 1.13 [0.45, 

2.86]

0.784 – – –

Charlson Comorbidity Index

< 5 1 – – 1 – – – – – 1 – – – – –

Continued on the next page
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confidence interval [CI] [1.05, 8.7], p = 0.039) and PNI 

(OR = 2.25, 95% CI [1.09, 4.98], p = 0.008) are associ-

ated with pneumonia. PNI (OR = 3, 95% CI [1.6, 5.59], 

p = 0.001) and jejunostomy placement (OR = 3.19, 95% 

CI [1.6, 6.68], p = 0.001) are predictors for infections.

Survival Analysis

The median OS and DFS periods were 30.7 months 

(range = 6.8–88.4 months) and 20.4 months (range =  

6.1–71.9 months), respectively. Significant baseline 

characteristics and severe AEs in the univariate anal-

ysis were fitted into the multivariate Cox regression 

model, as shown in Table 4. The cutoff values for OS 

and DFS were 40 and 185, respectively, for patients 

with low PNI and those with a high PLR (see Figure 

3). Multivariate Cox regression model showed that 

clinical stage III (hazard ratio [HR] = 1.64, 95% CI 

[1.01, 2.69], p = 0.046), low PNI (HR = 3.6, 95% CI 

[4.67, 8.87], p < 0.001), high PLR (HR = 1.87, 95% CI 

[1.14, 3.05], p = 0.012), pneumonia (HR = 2.94, 95% 

CI [1.34, 6.45], p = 0.007), and infections (HR = 2.01, 

95% CI [1.27, 3.18], p = 0.003) are predictors of OS. 

Pretreatment low PNI (HR = 1.88, 95% CI [1.27, 2.8], p =  

0.002) and high PLR (HR = 1.95, 95% CI [1.32, 2.89], p =  

0.001) are predictors of DFS.

Discussion

In the retrospective cohort study of 213 patients 

with ESCC undergoing nCRT, the association 

between inflammatory and nutritional biomarkers, 

treatment-related AEs, and survival outcomes was 

investigated. Low PNI is a predictor of nCRT-related 

toxicities and poor survival, highlighting its robust 

correlation with unfavorable prognosis in patients 

with ESCC. Regarding OS, advanced cancer stage, low 

PNI, high PLR, and pneumonia or infection during 

TABLE 3. Logistic Regression Analysis for Predicting Severe Adverse Events in Neoadjuvant Chemotherapy  

and Radiation Therapy (Continued)

Neutropenia Pneumonia Infections

Univariate Univariate Multivariate Univariate Multivariate

Variable OR

95% 

CI p OR

95% 

CI p OR

95% 

CI p OR

95% 

CI p OR

95% 

CI p

Charlson Comorbidity Index (continued)

≥ 5 1.07 [0.26, 

4.28]

0.992 1 [0.12, 

8.35]

0.996 – – – 0.69 [0.17, 

2.77]

0.607 – – –

Clinical stage

II 1 – – 1 – – – – – 1 – – – – –

III 1.74 [0.4, 

1.36]

0.334 2.83 [0.91, 

8.74]

0.07 – – – 1.07 [0.6, 

1.9]

0.812 – – –

Prognostic nutritional indexb

High 1 – – 1 – – 1 – – 1 – – 1 – –

Low 1.93 [1.89, 

1.97]

0.003 2.67 [1.87, 

3.98]

0.016 2.25 [1.09, 

4.98]

0.008 3.27 [1.4, 

5.29]

0.001 3 [1.6, 

5.59]

0.001

Jejunostomy placement

No 1 – – 1 – – – – – 1 – – 1 – –

Yes 0.94 [0.51, 

1.76]

0.869 0.88 [0.34, 

2.24]

0.797 – – – 3.49 [1.2, 

6.34]

0.001 3.19 [1.6, 

6.68]

0.001

a Continuous variable 
b The cutoff values for pneumonia and infections of prognostic nutritional index were 38 and 40, respectively. 
CI—confidence interval; NLR—neutrophil-to-lymphocyte ratio; OR—odds ratio; PLR—platelet-to-lymphocyte ratio
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TABLE 4. Univariate and Multivariate Cox Regression Analysis for Predictor of Survival Outcome

Overall Survival Disease-Free Survival

Univariate Multivariate Univariate Multivariate

Variable HR 95% CI p HR 95% CI p HR 95% CI p HR 95% CI p

NLRa 2.15 [1.46, 3.16] < 0.001 1.4 [0.83, 2.38] 0.202 1.69 [1.21, 2.35] 0.002 1.34 [0.89, 2.01] 0.151

Age (years)

< 65 1 – – – – – 1 – – – – –

≥ 65 1.04 [0.62, 1.6] 0.997 – – – 0.97 [0.65, 1.46] 0.905 – – –

Sex

Male 1 – – 1 – – 1 – – – – –

Female 0.83 [0.04, 3.23] 0.434 0.03 [0.91, 4.52] 0.383 0.25 [0.73, 2.13] 0.413 – – –

Smoking history

Never 1 – – – – – 1 – – – – –

Former 1.07 [0.51, 1.85] 0.934 – – – 1.28 [0.73, 2.23] 0.377 – – –

Current 1.02 [0.56, 1.86] 0.927 – – – 1.98 [0.58, 1.66] 0.966 – – –

Betel nut chewing

Never 1 – – – – – 1 – – – – –

Former 1.41 [0.77, 2.57] 0.256 – – – 1.67 [0.99, 2.82] 0.052 – – –

Current 1.98 [0.61, 1.55] 0.935 – – – 1.97 [0.65, 1.14] 0.903 – – –

Alcohol consumption

Never 1 – – – – – 1 – – – – –

Former 1.67 [0.78, 3.61] 0.185 – – – 1.77 [0.95, 3.3] 0.072 – – –

Current 1.32 [0.66, 2.64] 0.424 – – – 1.13 [0.64, 1.99] 0.652 – – –

Charlson Comorbidity Index

< 5 1 – – - – – 1 – – – – –

≥ 5 1.61 [0.22, 1.65] 0.332 – – – 1.63 [0.26, 1.54] 0.316 – – –

Clinical stage

II 1 – – 1 – – 1 – – 1 – –

III 1.79 [1.2, 2.68] 0.004 1.64 [1.01, 2.69] 0.046 1.47 [1.05, 2.06] 0.024 1.17 [0.81, 1.7] 0.391

Prognostic nutritional indexb

High 1 – – 1 – – 1 – – 1 – –

Low 1.92 [1.89, 1.95] < 0.001 3.6 [4.67, 8.87] < 0.001 1.95 [1.92, 2.97] < 0.001 1.88 [1.27, 2.8] 0.002

Jejunostomy placement

No 1 – – – – – 1 – – – – –

Continued on the next page
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nCRT are significant factors. Pretreatment PNI 

and PLR are prognostic factors for predicting DFS. 

Integrating PNI and PLR assessment before treat-

ment, along with monitoring AEs during esophageal 

cancer care, enables proactive complication predic-

tion and real-time management. Previous studies 

(Basch et al., 2017; Denis et al., 2019) suggest that the 

nursing responses to monitoring AEs during treat-

ment are associated with improved survival. Early 

responsiveness to patient symptoms and AEs may 

help avert adverse outcomes, enhancing treatment 

tolerance and survival.

The nCRT-related AE incidence in the current 

study was in line with a previous Cochrane review 

(Kidane et al., 2015), where reported rates of grade 

3 or higher treatment-related toxicities ranged 

from 11% to more than 38%. Neutropenia emerges 

as the most common AE in patients undergo-

ing chemotherapy with myelosuppressive drugs 

(Tralongo et al., 2020). However, no relation was 

found between neutropenia and risk factors in this 

study. A possible reason is that the authors’ center 

follows the guidelines and administers granulocyte– 

colony-stimulating factor for neutropenia pro-

phylaxis (Klastersky et al., 2016; Tralongo et al., 

2020). The supportive use of granulocyte–colony- 

stimulating factor reduces the frequency and sever-

ity of neutropenia in patients undergoing treatment 

with myelosuppressive drugs (Becker et al., 2020).

In this study, low PNI is associated with the devel-

opment of pneumonia complications and infections. 

However, to the authors’ knowledge, the underlying 

mechanism explaining the correlation between PNI, 

AEs during nCRT, and survival status in patients 

with ESCC remains unclear. PNI is determined by 

evaluating serum albumin concentration and total 

lymphocyte count in peripheral blood. Although 

the exact mechanisms of lower PNI could not be 

TABLE 4. Univariate and Multivariate Cox Regression Analysis for Predictor of Survival Outcome (Continued)

Overall Survival Disease-Free Survival

Univariate Multivariate Univariate Multivariate

Variable HR 95% CI p HR 95% CI p HR 95% CI p HR 95% CI p

Jejunostomy placement (continued)

Yes 1.37 [0.91, 2.05] 0.127 – – – 1.02 [0.73, 1.44] 0.872 – – –

Platelet-to-lymphocyte ratioc

Low 1 – – 1 – – 1 – – 1 – –

High 2.64 [1.76, 3.95] < 0.001 1.87 [1.14, 3.05] 0.012 2.08 [1.45, 2.99] < 0.001 1.95 [1.32, 2.89] 0.001

Neutropenia

No 1 – – – – – 1 – – – – –

Yes 1.2 [0.8, 1.78] 0.368 – – – 1.17 [0.83, 1.65] 0.367 – – –

Pneumonia

No 1 – – 1 – – 1 – – 1 – –

Yes 2.97 [1.63, 4.77] < 0.001 2.94 [1.34, 6.45] 0.007 1.91 [1.14, 3.18] 0.013 1.53 [0.87, 2.68] 0.139

Infections

No 1 – – 1 – – 1 – – – – –

Yes 2.14 [1.42, 3.25] < 0.001 2.01 [1.27, 3.18] 0.003 1.17 [0.83, 1.65] < 0.367 – – –

a Continuous variable
b The cutoff value for overall survival and disease-free survival of prognostic nutritional index was 40.
c The cutoff value for overall survival and disease-free survival of platelet-to-lymphocyte ratio was 185.
CI—confidence interval; HR—hazard ratio; NLR—neutrophil-to-lymphocyte ratio
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determined in the current study, several hypotheses 

could help explain these findings. The significant 

prognostic value of PNI in ESCC outcomes can be 

attributed to several mechanisms. First, hypoalbu-

minemia may result from malnutrition because of the 

heightened metabolic burden resulting from adverse 

reactions and inadequate nutrient intake and lead-

ing to poorer physical condition and unfavorable 

treatment-related AEs (Movahed et al., 2021). Second, 

lymphocytes play crucial roles in combating cancer by 

FIGURE 3. Receiver Operating Characteristic Curves for Determining Optimal Cutoff Value  

of the Pretreatment PNI and PLR for Overall Survival (A, B) and Disease-Free Survival (C, D)

AUC—area under the curve; PLR—platelet-to-lymphocyte ratio; PNI—prognostic nutritional index
Note. A: AUC = 0.755, p < 0.001; B: AUC = 0.702, p < 0.001; C: AUC = 0.762, p < 0.001; D: AUC = 0.72, p < 0.001
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initiating cytotoxic immune responses and inhibiting 

cancer cell growth, invasion, and spread (Grivennikov 

et al., 2010). Lymphocytopenia is linked to unfa-

vorable clinical outcomes in patients with diverse 

cancer types (Ray-Coquard et al., 2009). Finally, 

poor nutrition and weakened immunity can enhance 

the spread of circulating tumor cells (Sakurai et al., 

2016), whereas PNI reflects tumor progression (Feng 

& Chen, 2014).

Malnutrition is closely associated with inflam-

mation, compromised immunity, and heightened 

infection susceptibility (Merker et al., 2020). In 

addition, tumors induce structural changes in the 

esophagus, increasing the likelihood of irritation 

and severe coughing post–ingestion of substances. 

Subsequent esophageal radiation therapy poses 

inherent risks to the trachea and bronchus, poten-

tially softening these structures with higher radiation 

doses and elevating the risk of pneumonia (Abugroun 

et al., 2017). Collectively, these factors contribute to 

the increased occurrence of infections or pneumonia 

during treatment. Findings suggest PNI has poten-

tial utility in predicting outcomes among patients 

with infections (Hu et al., 2021). Most prior studies 

focused on predicting postoperative pneumonia in 

patients with esophageal cancer (Fujishima et al., 

2021; Fukushima et al., 2023). The present study is 

the first to discover, aside from age, an association 

between low PNI and the occurrence of pneumonia 

during nCRT. In addition to low PNI, the occurrence 

of pneumonia and infection events is associated with 

unfavorable survival outcomes. AEs associated with 

CRT can cause delays or discontinuation of treat-

ment because of complications, leading to prolonged 

surgical duration, heightened surgical complexities, 

and diminished quality of life in patients with ESCC, 

potentially resulting in unfavorable outcomes (De 

Ruysscher et al., 2019). In the present study, PNI can 

predict the occurrence of nCRT-related AEs and the 

survival outcomes of patients with ESCC. This predic-

tive ability stems from the PNI’s capacity to quantify 

the immune nutritional status of individual patients 

throughout the treatment course.

Previous studies suggested that inflammatory 

biomarkers are significantly associated with compli-

cations and AEs for patients with cancer receiving 

multimodal treatment (Li et al., 2022; Liu et al., 

2017; Liu & Lin, 2019), but the related studies for 

patients with ESCC treated with nCRT are very lim-

ited. A previous study (Cai et al., 2020) reported 

that pretreatment NLR is an independent factor for 

predicting grade 3 or greater hematologic toxicity in 

patients with ESCC undergoing nCRT. This study is 

inconsistent with previous findings, possibly because 

of their approach of summing various types of hema-

tologic toxic events into a single predictive event, the 

discrepancies in treatment regimens, and histologic 

types. In this study, PLR failed to predict AEs, but the 

predictive value for survival outcomes was retained. 

This finding is consistent with the results of several 

previous meta-analysis studies (Ishibashi et al., 2021; 

Zhang et al., 2018). The procoagulant surface pre-

sented by platelet cells in cancer-related coagulation 

can encapsulate tumor cells, shielding against anti-

cancer immunity and ultimately facilitating tumor 

growth (Bambace & Holmes, 2011). PLR may be asso-

ciated with tumor microenvironmental inflammation, 

which, in turn, is linked to tumor progression, thereby 

influencing prognosis (Ohno et al., 2019).

Clinical evidence supports the benefits of rational 

nutritional therapy in increasing nutritional reserves, 

maintaining physical fitness and tolerance, reduc-

ing complications, and accelerating recovery from 

esophageal cancer (Lyu et al., 2022). According to 

the findings of the current study, the placement of 

a jejunostomy tube may not be associated with sur-

vival rate and may increase the risk of infections. 

Enteral nutrition is the preferred method of nutrition 

for patients with esophageal cancer who have some 

level of gastrointestinal function but encounter chal-

lenges with oral food intake, and various factors may 

contribute to an increased risk of infection in these 

patients. Despite the recognized clinical advantages 

of preventive tube feeding, a significant portion of 

patients decline its usage because of the discomfort 

associated with the process of intubation (Wang, Dai, 

KNOWLEDGE TRANSLATION

 ɐ Low prognostic nutritional index is associated with treatment- 

related toxicities and poor survival in patients with esophageal 

squamous cell carcinoma undergoing neoadjuvant chemotherapy 

and radiation therapy.

 ɐ Prognostic nutritional index can be used by healthcare providers 

to personalize patient care, facilitating the implementation of tar-

geted nursing interventions to address nutritional deficiencies and 

bolster immune function.

 ɐ Understanding inflammation and nutritional biomarkers is essen-

tial to identifying potential treatment risks and patient prognosis. 

Collaboration with the healthcare team enables development of 

personalized care plans, ultimately enhancing patient survival and 

quality of life.
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et al., 2023). Feeding jejunostomy–related compli-

cations include dislodgement, leakage, jejunostomy 

site inflammation, and jejunostomy obstruction (Kim 

et al., 2022). Previous research demonstrated that 

dysphagia can show improvement from baseline to 

the completion of the first cycle of chemotherapy 

(Chilukuri et al., 2018). In addition, advancements in 

esophagectomy procedures have markedly reduced 

the necessity of jejunostomy (Berkelmans et al., 2018). 

Studies also indicated that the use of feeding jeju-

nostomy delays—rather than prevents—weight loss, 

thereby undermining the potential nutritional bene-

fits of intraoperative feeding jejunostomy (Carroll et 

al., 2020; Tham et al., 2020).

Variations in PNI during nCRT have a significant 

effect on survival and treatment response. Takao et 

al. (2020) demonstrated that patients with initially 

low PNI values who experienced an increase in PNI at 

the end of treatment have significantly higher survival 

rates compared with patients who maintained low 

PNI values at the end of treatment. Previous research 

indicated the beneficial effects of omega-3 polyunsat-

urated fatty acids in immunonutrition formulations 

in attenuating inflammation in patients with esopha-

geal cancer (Eltweri et al., 2017; Kanekiyo et al., 2019). 

In a meta-synthesis (Wang, Liu, et al., 2023), it was 

found that nutritional intervention during treatment 

and recovery posed challenges. Healthcare providers 

should address symptoms related to digestive dis-

comfort, eating conditions, and emotional well-being. 

Further clinical trials are needed to develop compre-

hensive nutritional management systems, establish 

interprofessional teams, create favorable nutritional 

environments, and optimize nutritional therapy for 

patients with esophageal cancer.

Limitations

First, this work is a retrospective observational study 

conducted solely at an academic medical center, 

which may introduce bias from the retrospective 

review and limit the generalizability of the find-

ings. To mitigate selection bias, the current authors 

received thorough training and adhered to the criteria 

established in prior studies when selecting research 

participants (Hsueh et al., 2022). Of note, the pres-

ent study’s sample size is larger than that in Hsueh 

et al. (2022). Second, the collection of PNI, NLR, and 

PLR at a single time point during nCRT may hinder 

the authors’ understanding of their dynamic changes 

during treatment and their potential effect on progno-

sis. Despite the lack of a universally accepted standard 

for the optimal cutoff values of PNI and PLR, in this 

study, accurate thresholds were determined using 

the receiver operating characteristic curve, which is 

consistent with prior research in predicting infec-

tions, pneumonia, and survival outcomes (Hsueh et 

al., 2022; Suzuki et al., 2020). In addition, the lack of 

detailed information on nutritional supplementation 

may affect the predictive power of treatment-related 

AEs and survival outcomes.

Implications for Nursing

PNI holds significant implications for nursing prac-

tice, serving as a valuable and noninvasive tool. Its 

simplicity, speed, and user-friendliness enable its use 

as a laboratory data indicator for enhancing nurses’ 

clinical alertness judgment. The following strategies 

are proposed to implement standardized nursing care 

incorporating PNI in a clinical setting. First, a cal-

culated PNI field is integrated into electronic health 

records and nursing care documentation. Second, 

engagement in interprofessional discussions is 

encouraged to collectively interpret PNI results and 

thus facilitate the identification of appropriate inter-

ventions for ensuring a smoother recovery during 

nCRT and minimizing adverse reactions. For patients 

using a jejunostomy tube, remaining vigilant about 

associated complications is also essential. Nursing 

staff can customize care plans, potentially improving 

patients’ clinical outcomes through observation of 

high-risk patients and effective teamwork.

Conclusion

The current study investigated pretreatment inflam-

matory and nutritional biomarkers in nCRT-related 

AEs and long-term outcomes of patients with ESCC. 

The results showed significant associations between 

low PNI and pneumonia and infections. In addition, 

pretreatment with low PNI has been linked to poorer 

survival outcomes and may indicate a greater risk of 

recurrence in ESCC. This study is believed to be the 

first to investigate the association of PNI with infec-

tions and pneumonia in patients undergoing nCRT. 

Additional research could involve nutritional interven-

tion to determine whether the benefits of improved 

nutritional status can decrease poor prognosis 

outcomes.
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