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Prognostic value of pre-therapeutic GEE

nutritional risk factors in elderly patients
with locally advanced esophageal squamous
cell carcinoma receiving definitive
chemoradiotherapy or radiotherapy
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Jiancheng Li" " and Qiwei Yao' ™"

Abstract

Background The nutritional status of cancer patients is a crucial factor in determining their prognosis. The objec-
tive of this study was to investigate and compare the prognostic value of pretreatment nutrition-related indicators in
elderly esophageal squamous cell carcinoma (ESCC). Risk stratification was performed according to independent risk
factors and a new nutritional prognostic index was constructed.

Methods We retrospectively reviewed 460 older locally advanced ESCC patients receiving definitive chemoradiother-
apy (dCRT) or radiotherapy (dRT). This study included five pre- therapeutic nutrition-related indicators. The optimal
cut-off values for these indices were calculated from the Receiver Operating Curve (ROC). Univariate and multivariate
COX analyses were employed to determine the association between each indicator and clinical outcomes. The predic-
tive ability of each independently nutrition-related prognostic indicator was assessed using the time-dependent ROC
(time-ROC) and C-index.

Results Multivariate analyses indicated that the geriatric nutrition risk index (GNRI), body mass index (BMI), the con-
trolling nutritional status (CONUT) score, and platelet-albumin ratio (PAR) could independently predict overall survival
(0S) and progression-free survival (PFS) in elderly patients with ESCC (all p < 0.05), except for prognostic nutritional
index (PNI). Based on four independently nutrition-related prognostic indicators, we developed pre-therapeutic nutri-
tional prognostic score (PTNPS) and new nutritional prognostic index (NNPI). No-risk (FTNPS=0-1 point), moderate-
risk (PFTNPS =2 points), and high-risk (PFTNPS = 3-4 points) groups had 5-year OS rates of 42.3%, 22.9%, and 8.8%,
respectively (p <0.001), and 5-year PFS rates of 44.4%, 26.5%, and 11.3%, respectively (p <0.001). The Kaplan-Meier
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group according to the NNPI.

prognosis in older ESCC patients.

guiding early clinical nutrition intervention.

stratification, Survival

curves showed that the mortality of elderly ESCC patients in the high-risk group was higher than that in the low-risk
Analysis of time-AUC and C-index revealed that the NNPI (C-index: 0.663) had the greatest predictive power on the

Conclusions In elderly ESCC patients, the GNRI, BMI, CONUT score, and PAR can be used as objective assessment
measures for the risk of nutrition-related death. Compared to the other four indexes, the NNPI has the greatest prog-
nostic value for prognosis, and elderly patients with a higher nutritional risk have a poor prognosis, which is helpful in

Keywords Elderly esophageal squamous cell carcinoma, Pre- therapeutic nutrition-related indicators, Risk

Introduction

Esophageal cancer (EC) is the sixth leading cause of can-
cer-related death globally, with esophageal squamous
cell carcinoma (ESCC) being the most common patho-
logical type in Asia [1]. Despite significant advances in
effective new treatments (such as immunotherapy) and
diagnostic strategies, the overall 5-year survival rate for
EC is only 15-25% [2]. It is well known that EC mainly
occurs in middle-aged and elderly patients, with 30% of
patients being over 75 years old at diagnosis [3, 4]. With
the improvement of living and medical standards, there
are more and more elderly EC patients. Furthermore,
elderly patients with EC are more likely to be malnour-
ished at the time of diagnosis, and malnutrition is closely
related to a poor prognosis [5]. However, in clinical prac-
tice, its importance is often underestimated due to a lack
of awareness and the lack of effective nutritional risk
screening tools [6].

Numerous studies have proven that the progression
and metastasis of cancer depend not only on the patho-
logical type of the tumor, therapeutic approaches, tumor
staging, etc. [7], but also on the nutritional status of the
patients [8—10]. Multiple nutrition-related indicators,
such as the geriatric nutrition risk index (GNRI), body
mass index (BMI), the controlling nutritional status
(CONUT) score, the platelet-albumin ratio (PAR), and
the prognostic nutritional index (PNI), have recently
been shown to be valid predictors of prognosis in EC.
A meta-analysis of many human cancers found that low
GNRI was related with poor overall and cancer-specific
survival [11]. In the past, serum albumin and BMI were
widely used to evaluate the nutritional condition of can-
cer patients. The CONUT score is a new prognostic indi-
cator for numerous cancer types, including ESCC [12,
13]. Recent studies indicate that a low PNI and a high
PAR, which are composed of serum albumin and lym-
phocytes or platelets, are useful prognostic parameters
for ESCC [14-16]. Importantly, the nutrition-related
parameters listed above can be thoroughly estimated

using clinically objective data, such as height, weight,
albumin, cholesterol, lymphocytes, etc. This objective
and straightforward method for monitoring the nutri-
tional condition of elderly people should be extensively
adopted in clinical settings.

The elderly are one of the most susceptible and het-
erogeneous patient populations, with a greater risk of
malnutrition [17]. Furthermore, progressive dyspha-
gia is the primary clinical symptom of EC in the major-
ity of patients [18]. Therefore, it is necessary to assess
older EC patients with a greater nutritional risk in
order to provide appropriate therapies that decrease
malnutrition-related mortality and lengthen survival.
This study sought to determine the association between
pre-treatment nutrition-related indicators and the
prognosis of older patients with ESCC who received
definitive chemoradiotherapy (dCRT) or radiotherapy
(dRT). In addition, we developed a pre-therapeutic
nutritional prognostic score (PTNPS) and novel nutri-
tional prognostic index (NNPI) based on independent
nutritional risk variables. Lastly, the prognostic predic-
tion ability of nutritional prognostic indicators was com-
pared, and the nutritional risk of the patient population
was stratified based on PTNPS.

Material and methods

Participants

Between March 2011 and August 2020, 460 patients with
locally advanced ESCC who received dRT or dCRT at
the Fujian Provincial Cancer Hospital were included. In
this retrospective study, the criteria for inclusion were as
follows: (i) age>65 years; (ii) histopathology confirmed
ESCC; (iii)absence of surgery; (iv) no distant metasta-
sis or 2 or more primary tumors; and (v) availability of
relevant laboratory test data before treatment (includ-
ing routine biochemical tests and routine blood tests).
The exclusion criteria were as follows: (i) patients with
serious diseases, such as severe infections and immuno-
deficiency syndrome; (ii) no completed radiotherapy or
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radiotherapy that has been interrupted for more than
7 days; (iii) no complete follow-up information; and (iv)
no signed informed consent. Finally, 460 older patients
with locally advanced ESCC (stages II-IVA) matched the
aforementioned inclusion criteria. All patients used the
8™ edition of the tumor, node, and metastasis (TNM)
classification for clinical staging. This single-institu-
tional study conformed to the Declaration of Helsinki
and was sanctioned by Fujian Cancer Hospital ’s Ethics
Committee.

Treatment and follow-up

All patients underwent a radiotherapy-based treatment
plan. Based on their individual condition, patients under-
went dRT or dCRT to a total of 50-70 Gy by either inten-
sity-modulated radiotherapy (IMRT) or 3-dimensional
conventional radiotherapy (3D-CRT). All treatment plans
were carried out using the Philips Pinnacle system, and
the radiation techniques were delivered with 6-MV X-ray
accelerators with a daily fraction of 1.8-2.0 Gy and five
fractions each week. Target volumes and Organs at risk
(OAR) were defined in accordance with the 2019 guide-
lines of the National Comprehensive Cancer Network.
65% of patients were treated with chemotherapy. The
common protocol for chemotherapy was as follows: 5-FU
(D1-2) / cisplatin (D2) regimen, docetaxel (D1) or pacli-
taxel (D1)+cisplatin (D2), nedaplatin (D2), carboplatin
(D2), or lobaplatin (D2) regimen.

To monitor therapy-related toxicities and the patient’s
general condition, all patients were checked weekly dur-
ing treatment. Following completion of dRT or dCRT,
patients were followed up every three months for the
first two years and then every six months thereafter.
Physical examination, chest computed tomography (CT),
barium swallow, 18F-fluorodeoxyglucose positron emis-
sion tomography (FDG-PET), and tumor indicators were
included in the follow-up evaluation.

Data collection and calculation of pre-treatment
nutritional status

The baseline characteristics of patients included sex,
age, tumor location, tumor length, T stage, N stage,
and TNM stage. In addition, the patient’s weight and
height were measured before the initial treatment.
One week before to therapy, routine blood biochemi-
cal data was gathered, including total cholesterol and
albumin levels, platelet and lymphocyte counts. We
obtained nutrition status related indicators based on
the above variables, namely, the controlling nutritional
status (CONUT), body mass index (BMI), platelet-
albumin ratio (PAR), prognostic nutritional index
(PNI), and geriatric nutrition risk index (GNRI). These
nutritional indicators were calculated as follows: the
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Table 1 Baseline characteristic in 460 elderly patients with
locally advanced esophageal squamous cell carcinoma

Characteristic No. of Patients

Sex
Male 303 (65.9%)
Female 157 (34.1%)
Age (years)
<76 271 (58.9%)
>76 189 (41.1%)

Tumor location

Cervical/upper 135 (29.3%)

Middle/lower 325 (70.7%)
Tumor length (cm)

<59 273 (59.3%)

>59 187 (40.7%)
RT dose (Gy)

<59.96 118 (25.7%)

>59.96 342 (74.3%)
Chemotherapy

No 161 (35.0%)

Yes 299 (65.0%)
T stage

T2/3 273 (59.3%)

T4 187 (40.7%)
N stage

NO/1 351 (76.3%)

N2/3 109 (23.7%)
Tumor stage

Stagelll 114 (24.8%)

Stage III/IVA 346 (75.2%)
BMI

<1951 142 (30.9%)

>19.51 318 (69.1%)
GNRI

<96.36 236 (51.3%)

>96.36 224 (48.7%)
CONUT

<3 353 (76.7%)

>3 107 (23.3%)
PAR

<533 186 (40.4%)

>533 274 (59.6%)
PNI

<46.55 206 (44.8%)

>46.55 254 (55.2%)

RT Radiotherapy, BMI Body mass index, GNRI Geriatric nutrition risk index,
CONUT score The controlling nutritional status score, PAR Platelet-albumin ratio,
PNI Prognostic nutritional index

CONUT score=albumin level [>35 g/dL (0 point),
30-34 g/dL (2 points), 25-29 g/dL (4 points), or <25 g/
dL (6 points)]+the lymphocyte counts [>1600
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Table 2 Cox regression of fourteen clinical variables with OS
Variables Univariate analysis Multivariate analysis
HR (95% Cl) P-value HR (95% Cl) P-value

Sex

Male vs. female 1.158(0.913, 1.470) 0.227
Age (years)

>76vs.<76 1.374(1.100, 1.715) 0.005 1.399(1.094, 1.788) 0.007
Tumor location

Cervical/upper vs. middle/lower 1.153(0.901, 1.476) 0.257
Tumor length (cm)

>59vs.<59 1.531(1.226,1.912) <0.001 1.385(1.095, 1.753) 0.007
RT dose (Gy)

<59.96 vs.>59.96 0.879(0.679, 1.136) 0323
Chemotherapy

Yes vs. no 0.774(0.616,0.973) 0.028 0.913(0.706, 1.181) 0488
T stage

T4 vs. T2/3 0.951(0.759, 1.191) 0.661
N stage

N2/3 vs. NO/1 1.555(1.212,1.995) 0.001 1464(1.120,1.913) 0.005
Tumor stage

Stage Ill/IVA vs. stage Il 1.307(1.002, 1.705) 0.048 1.050(0.785, 1.404) 0.742
BMI

>19.51vs.<19.51 0.560(0.446, 0.704) <0.001 0.615(0.485, 0.780) <0.001
GNRI

>96.36 vs.<96.36 0.809(0.648, 1.010) 0.061 0.772(0.616,0.967) 0.024
CONUT

>3vs.<3 1.679(1.308, 2.154) <0.001 1.488(1.103, 2.008) 0.009
PAR

>533vs.<533 1421(1.128,1.789) 0.003 1.289(1.012, 1.644) 0.040
PNI

>46.55 vs.<46.55 0.642(0.515, 0.800) <0.001 0.909(0.696, 1.198) 0.486

OS Overall survival, HR Hazard ratio, 95% Cl 95% confidence interval, RT Radiotherapy, BMI Body mass index, GNRI Geriatric nutrition risk index, CONUT Score, the
controlling nutritional status score, PAR Platelet-albumin ratio, PN/ Prognostic nutritional index

count/mm?® (0 point), 1200-1599 count/mm> (1
point), 800-1199 count/mm? (2 points), <800 count/
mm? (3 points)] +total cholesterol level [>180 mg/
dL (0 point), 140 -179 mg/dL (1 point), 100-139 mg/
dL (2 points),<100 mg/dL (3 points)]; BMI=weight
(kg)/height (m)% PAR=absolute platelet count/albu-
min level; PNI=5*lymphocyte count+ albumin level;
GNRI=1.489*albumin (g/L)+41.7*[(current weight
(CW)/ideal body weight (IBW)). The IBW was deter-
mined using the formula height (m?) * 22 (kg/m?).
When the CW exceeded the IBW, the ratio of CW/IBW
was set to 1.

Endpoints

The study’s primary endpoint was overall survival
(OS), calculated as the time between the pathologi-
cal diagnosis and death. The secondary endpoint was
progression-free survival (PES), defined as the time

from pathological diagnosis to tumor progression
and death. For patients who died before the conclu-
sion of the study, the date of death was considered
the study endpoint; for those who survived, the date
of the final follow-up was considered the study end-
point. The present study’s final follow-up date is Feb-
ruary 2022.

Statistical analysis

Statistical analyses were conducted using IBM SPSS
software 25.0 and R software 4.0.2. We turned all con-
tinuous variables into classified variables according
to the optimal cut-off value of the Receiver Operat-
ing Curve (ROC). Using the Chi-square test or Fish’s
exact test, the difference between the classified data
was evaluated. OS and PFS were plotted using the
Kaplan—Meier curves and compared using the log-
rank test. The univariate and multivariate Cox analyses
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Table 3 Cox regression of fourteen clinical variables with PFS
Variables Univariate analysis Multivariate analysis
HR (95% Cl) P-value HR (95% Cl) P-value

Sex

Male vs. female 1.100(0.971,1.247) 0.133
Age (years)

>76Vs.<76 1.302(1.032, 1.642) 0.026 1.344(1.042,1.733) 0.023
Tumor location

Cervical/upper vs. middle/lower 1.146(0.885, 1.484) 0.302
Tumor length (cm)

>59vs.<59 1.493(1.184, 1.882) 0.001 1.325(1.038, 1.692) 0.024
RT dose (Gy)

<59.96 vs.>59.96 1.086(0.824, 1.433) 0.558
Chemotherapy

Yes vs. no 0.809(0.637, 1.028) 0.082 0.941(0.720, 1.231) 0.657
T stage

T4 vs. T2/3 1.020(0.808, 1.288) 0.866
N stage

N2/3 vs. NO/1 1.494(1.153,1.936) 0.002 1.337(1.013,1.764) 0.040
Tumor stage

Stage Ill/IVA vs. stage Il 1.415(1.067,1.877) 0.016 1.153(0.848, 1.566) 0.364
BMI

>19.51vs.<19.51 0.510(0.403, 0.646) <0.001 0.548(0.428, 0.700) <0.001
GNRI

>96.36 vs.<96.36 0.810(0.643, 1.020) 0.073 0.768(0.608, 0.971) 0.027
CONUT

>3vs.<3 1.513(1.164, 1.968) 0.002 1.428(1.041,1.958) 0.027
PAR

>533vs.<533 1413(1.111,1.798) 0.005 1.323(1.027, 1.705) 0.031
PNI

>46.55 vs.<46.55 0.720(0.572,0.907) 0.005 1.010(0.764, 1.336) 0.945

PFS Progression-free survival, HR Hazard ratio, 95% Cl 95% confidence interval, RT Radiotherapy, BMI Body mass index, GNRI Geriatric nutrition risk index, CONUT Score,
the controlling nutritional status score, PAR Platelet-albumin ratio, PN/ Prognostic nutritional index

were performed to evaluate the association between
pre-treatment nutrition-related indicators and prog-
nosis in older patients with locally advanced ESCC. In
univariate analyses, all variables with a p value<0.10
were incorporated into multivariate analyses. Using
the time-dependent ROC (time-ROC) and C-index,
the predictive ability of each independently nutri-
tion-related prognostic indicator was evaluated. In
addition, the relationship between nutrition-related
indicators and survival outcomes was assessed using
the Restricted Cubic Splines (RCS). To understand the
application of the same prognostic indicators in differ-
ent subgroups, we performed a subgroup analysis of
age, sex, radiation dose, chemotherapy, tumor location,
tumor length, T stage, N stage, tumor stage, and PNI.
Statistically, a p value <0.05 was considered significant.

Results

Clinical characteristics

In total, 460 elderly patients participated in the study.
The baseline characteristics of patients are shown in
Table 1. Among them, the majority were males (65.9%),
and 58.9% were younger than 76 years old. The majority
of the patient’s tumors were located in the middle and
lower esophagus regions. The majority of patients under-
went chemotherapy (65.0%), and the tumor stage was
II for 114 patients (24.8%) and III/IVA for 346 patients
(75.2%). Chemotherapy recipients were typically younger
and more likely to be in stage IVA. The optimal cut-off
values for tumor length, RT dose, BMI, GNRI, CONUT,
PAR, and PNI were 5.9 cm, 59.96 Gy, 19.51, 96.36, 3, 5.33,
and 46.55, respectively.
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Fig. 1 Kaplan—-Meier analysis of (A, C, E, G) OS and (B, D, F, H) PFS were grouped by pre-therapeutic nutritional-related prognostic indicators. OS,
overall survival; PFS, progression-free survival; GNRI, geriatric nutrition risk index; BMI, body mass index; CONUT score, the controlling nutritional
status score; PAR, platelet-albumin ratio
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Fig. 2 The PTNPS and NNPI for OS and PFS were risk stratified by risk group. A, B Risk stratification for PTNPS on OS and PFS (p <0.001); C, D Risk
stratification for NNPI on OS and PFS. PTNPS, pre-therapeutic nutritional prognostic score; NNPI, novel nutritional prognostic index; OS, overall

survival; PFS, progression-free survival

Independent risk factors for ESCC

During the median follow-up period of 24.7 months, 317
elderly ESCC patients died. Univariate analyses revealed
that age, tumor length, chemotherapy, N stage, TNM
stage, BMI, GNRI, CONUT, PAR, and PNI were poten-
tial risk factors for OS and PFS. Multivariate analyses
indicated that age, tumor length, N stage, BMI, GNRI,
CONUT, and PAR could independently predict prognosis
(OS and PES) in elderly patients with ESCC. Tables 2 and
3 show the specific results of these prognostic analyses.

The Kaplan—Meier curves indicated that malnourished
elderly individuals had a worse clinical outcome than
those without malnutrition (Fig. 1). Figure S1 depicts
additional independent prognostic variables affecting OS
and PFS.

In addition, independent prognostic factors were incor-
porated into the nomogram based on multivariate analy-
sis results. The 1-, 3-, and 5-year OS and PFS calibration
curves demonstrated a favourable correlation between
observed and predicted values (Figure S2 and Figure S3).
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Table 4 The C-index of pre-therapeutic nutritional-related prognostic indicators
C-index (95% Cl)

(O PFS
Indicators 3-year 5-year 3-year 5-year
GNRI 0.615(0.532-0.698) 0.657(0.570-0.744) 0.567(0.487-0.682) 0.631(0.544-0.717)
BMI 0.581(0.495-0.668) 0.553(0.462-0.643) 0.564(0.483-0.646) 0.551(0.462-0.640)
CONUT 0.551(0.495-0.607) 0.566(0.496-0.636) 0.541(0.482-0.600) 0.564(0.490-0.639)
PAR 0.538(0.478-0.597) 0.526(0.451-0.601) 0.561(0.498-0.623) 0.529(0.449-0.609)
NNPI 0.626(0.570-0.681) 0.663(0.594-0.732) 0.630(0.573-0.688) 0.667(0.594-0.740)

95% Cl 95% confidence interval, GNRI Geriatric nutrition risk index, BMI Body mass index, CONUT score The controlling nutritional status score, PAR Platelet-albumin

ratio, NNPI Novel nutritional prognostic index

Pre-therapeutic nutritional prognostic score and new
nutritional prognostic index

In this study, the independent nutritional prognostic fac-
tors were GNRI, BMI, CONUT, and PAR. The following
conditions were considered malnutritional: GNRI < 96.36,
BMI<19.51, CONUT >3, and PAR>5.33. The pre-ther-
apeutic nutritional prognostic score (PTNPS) was cal-
culated by adding one point for each of these four risk
factors for patients with malnutrition. The patients were
divided into three groups according to PTNPS: the no-
risk group: PTNPS=0-1 point; the moderate-risk group:
PTNPS=2 points; and the high-risk group: PTNPS=3-4
points. 5-year OS rates were 42.3%, 22.9%, and 8.8%,
respectively (p<0.001, Fig. 2A); 5-year PFS rates were
44.4%, 26.5%, and 11.3% (p<0.001, Fig. 2B). In addition,
we also developed a new nutritional prognostic index
(NNPI). The NNPI was determined by multiplying each
nutrition-related prognostic factor by its corresponding f3
coefficient and then summing the results (zero for absence
or one for existence). The formula for NNPI is 0.259*GNR
[+0.486*BMI+0.397*CONUT +0.254*PAR. The NNPI
was divided into high-risk and low-risk subsets dichoto-
mizing by 0.70. The Kaplan—Meier curves showed that the
mortality of elderly ESCC patients in the high-risk group
was higher than that in the low-risk group (Figs. 2C-D).

Comparison of the prognostic ability of nutritional
indicators

Comparing the capacity of five nutritional indicators
to predict the prognosis of elderly patients with ESCC
using C-index and time-ROC. Compared to other
nutrition-based indicators, the NNPI had the highest
C-index for OS and PFS in older ESCC patients at 3
and 5-years: 0.626 (95% CI, 0.570-0.681) and 0.663
(95% CI, 0.594-0.732), 0.630 (95% CI, 0.573-0.688),
and 0.667 (95% CI, 0.594—0.740), respectively (Table 4).
Similarly, the NNPI'’s area under the ROC curve (AUC)
was greater than those of other nutrition-based

indicators (Fig. 3). In addition, the forest plot dis-
played the detailed results of subgroup analyses of
GNRI, BMI, GONUT, PAR, and NNPI (Fig. 4). The
results suggested that high NNPI was a significant risk
factor for increased mortality in elderly patients with
ESCC, regardless of age, sex, RT dose, chemotherapy,
tumor location, tumor length, T stage, N stage, TNM
stage, and PNI. Surprisingly, low GNRI, low BMI,
high CONUT, and high PAR were all risk factors for
increased mortality in older patients with>59.96 Gy
RT, N stage 0/1, and TNM stage III/IVA. In summary,
the NNPI has the best predictive power for prognosis
compared with other nutritional indicators and is most
applicable to the majority of elderly ESCC patients.

Analysis of PTNPS and clinicopathological features

in elderly patients with ESCC

PTNPS classified the patients into three groups: low-
risk, moderate-risk, and high-risk. To better under-
stand the impact of different risk groups on prognosis
in various clinicopathological characteristics, we per-
formed subgroup analyses of elderly ESCC patients
stratified by age, sex, Tumor stage, tumor location,
tumor length, RT dose, chemotherapy, and PNI. Fig-
ure 5 and S4 showed that elderly ESCC patients in the
high-risk group had a poorer OS and PFS than those in
the no- or moderate-risk groups.

Relationship between nutritional indicators and survival
RCS was performed to categorize the relationship
between nutritional indicators and survival. Figure 6A-H
presents a linear relationship between nutritional indi-
cators and OS or PFES for elderly ESCC patients, while
presenting a non-linear relationship between the BMI
and PFS. The GNRI and BMI mortality risks dropped sig-
nificantly to 96.36 and 19.51, respectively. Patients had
higher risks of death when CONUT and PAR increased.
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Fig. 3 The time-ROC of nutritional-related indicators in older locally
advanced ESCC patients. A, B The time-ROC of GNRI on OS and PFS
(3-year and 5-year); C, D The time-ROC of BMI on OS and PFS (3-year
and 5-year); E, F The time-ROC of CONUT on OS and PFS (3-year

and 5-year); G, H The time-ROC of PAR on OS and PFS (3-year and
5-year); 1, J The time-ROC of NNPI on OS and PFS (3-year and 5-year).
time-ROC, the time-dependent receiver operating curve; ESCC,
esophageal squamous cell carcinoma; GNRI, geriatric nutrition risk
index; OS, overall survival; PFS, progression-free survival; BMI, body
mass index; CONUT score, the controlling nutritional status score; PAR,
platelet-albumin ratio; NNPI, novel nutritional prognostic index

Discussion

The identification rate of early EC has risen significantly
in recent years as a result of improved public health con-
sciousness and medical advancements, but the death rate
remains high [19]. Further examination of the causes of
mortality indicated that around 25% of cancer-related
mortality was attributable to malnutrition rather than the
malignancy itself [20, 21]. Literature shows that the prev-
alence of malnutrition in cancer patients ranges from 30
to 60%, and that it may be much greater in some cancer
patients (such as EC and pancreatic cancers) [22-24].
The prognosis for elderly people with inadequate nutri-
tional conditions is frequently dismal. In ESCC patients,
it is crucial to comprehend the significance of pre-treat-
ment nutritional indicators and to include these prognos-
tic variables into therapeutic decision-making. Our study
found that (i) low GNRI, low BMI, high CONUT, and
high PAR were all risk factors for increased mortality in
older patients; (ii) the OS and PFS of older patients in the
high-risk group were inferior to those in the no- or mod-
erate-risk groups; and (iii) compared to other nutrition-
based indicators, the NNPI's C-index and AUC value was
the greatest.

Previous studies have demonstrated that GNRI and
BMI are useful indicators for predicting the prognosis
of older patients with ESCC [25, 26]. The BMI, which
is based on weight and height, is an essential diagnostic
criterion for cancer-related weight loss [27]. Although
multiple studies have reported the impact of preopera-
tive BMI on the prognosis of patients with resected EC,
BMI alone is not a valid predictor of survival [28-30].
Traditionally, serum albumin levels have been seen as
an indicator of malnutrition and a biomarker of protein
stores [31]. However, BMI and serum albumin have lim-
ited value as measures of a patient’s nutritional status. In
numerous types of cancer, the GNRI, which is comprised
of a patient’s serum albumin level, height, and weight,
has been demonstrated to be a more accurate indicator
of nutritional status than BMI and serum albumin [24,
25, 31, 32]. Our results showed that GNRI has a higher
C-index and time-ROC value than BMI, indicating that
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Fig. 4 The sub-group analysis of GNRI, BMI, CONUT, PAR, and NNPI in
elderly locally advanced ESCC patients. The adjusted factors include
age, sex, RT dose, chemotherapy, tumor location, tumor length, T
stage, N stage, tumor stage, and PNI. HR, hazard ratio; 95% Cl, 95%
confidence interval; GNRI, geriatric nutrition risk index; BMI, body
mass index; CONUT score, the controlling nutritional status score; PAR,
platelet-albumin ratio; ESCC, esophageal squamous cell carcinoma;
RT, radiotherapy; PNI, prognostic nutritional index

it is a more reliable predictor of OS and PFS than BMIL
Wang et al. found that GNRI was an independent predic-
tive factor for OS and PFS. Additionally, GNRI can aid
in risk stratification for elderly patients receiving dRT
or dCRT [33]. Interestingly, low GNRI was a risk factor
for increased mortality in older patients with >59.96 Gy
RT, receiving chemotherapy, N stage 0/1, and TNM stage
III/IVA in our subgroup analyses. The original purpose
of the GNRI was to assess the nutritional condition of
elderly patients. Tang et al. found that GNRI is an effec-
tive method for predicting the long-term prognosis,
providing a theoretical base for early nutritional manage-
ment in elderly patients with colorectal cancer [34].
Recent studies have demonstrated that the CONUT
score, a helpful indicator of immune-nutrition status, is
a valid prognostic indicator in many malignancies [35,
36]. Among 373 ESCC patients who underwent radical
resection, one study revealed that those with moderate or
severe CONUT scores had a poor prognosis [36]. Another
study showed that PAR is a potential independent predic-
tor ofprognosis in ESCC patients treated with dCRT [15].
Consistent with earlier studies, our findings revealed that
high CONUT and high PAR had worse survival outcomes
in elderly patients with ESCC. Nonetheless, the precise
mechanism behind the association between CONUT and
PAR and tumor prognosis remains unknown. CONUT
is known to derive from three hematological indica-
tors (total cholesterol, albumin levels, and lymphocytes),
representing calorie expenditure, protein stores, and
poor immune defense, respectively. PAR is composed
of albumin and platelets, which represent protein stor-
age and systemic inflammatory response, respectively.
Cholesterol, an important part of the cell membrane,
is involved in numerous biological signaling pathways.
Hypocholesterolemia resulting from increased choles-
terol absorption by tumor cells impairs the transmission
of transmembrane signals [37]. Serum albumin levels are
regarded as a reliable predictor of nutritional condition
and systemic inflammation. According to studies, hypo-
proteinemia has a poor prognosis by causing a series of
inflammatory cytokines to be released, including IL-6,
TNF-a [38]. According to previous research, malnutri-
tion may diminish lymphocyte maturity and the amount
of lymphocytes in circulation. Lymphopenia leads to an
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Fig. 5 Kaplan-Meier curves are according to age, sex, and tumor
stage in different risk groups. A OS and PFS of patients with < 76; B OS
and PFS of patients with > 76; C OS and PFS of patients with males;

D OS and PFS of patients with females; E OS and PFS of patients

with stage II; F OS and PFS of patients with stage Ill; G OS and PFS

of patients with stage IVA. OS, overall survival; PFS, progression-free
survival

inadequate immune response, which impacts the progno-
sis of cancer [39]. High platelet counts can influence the
development of malignancies and lead to thrombocytosis,
which is a negative factor influencing the clinical outcome
of patients [40]. Therefore, combining the above compo-
nents, CONUT and PAR may provide a better balance of
immune, inflammatory, and nutritional status.

Malnutrition in elderly ESCC patients receiving dCRT or
dRT may be caused by dysphagia, insufficient nutrient intake
due to tumor obstruction, and other factors. Poor nutritional
status may be easily aggravated during dCRT or dRT. Stud-
ies have shown that malnourished elderly people are suscep-
tible to radiation esophagitis, which further reduces their
nutritional intake and thus aggravates their malnutrition
[41]. This study demonstrates that a higher nutritional risk is
associated with shorter survival in older patients with locally
advanced ESCC. It is widely recognized that malnutrition is a
negative prognostic factor in a variety of malignancies, since
it can impair the immunological system of the patient and
promote tumor progression [42]. In addition, malnutrition
can influence the patient’s treatment effect and reaction, as
well as diminish the patient’s tolerance and compliance with
therapy [43, 44]. Consequently, screening of malnutrition
before to therapy facilitates early nutritional intervention and
may improve outcomes, particularly for this subpopulation.
Moreover, nutritional interventions can decrease the adverse
effects of anticancer medications.

Our study has a few limitations. First, this was a retro-
spective, non-random, single-center study with potential
selection bias. A larger prospective multicenter study is
warranted to assess the predictive value of pre-therapeu-
tic nutritional indicators in older individuals with ESCC.
Second, there are no standardized cut-off values for each
indicator, leading to inaccurate screening. It is hoped that
in the future generally accepted cut-off values can be iden-
tified and these nutritional indicators can be used as tools
for early nutritional risk screening. Third, only older ESCC
patients treated with dCRT or dRT were included in this
study, and the results may not be applicable to the overall
situation of older ESCC patients treated with other thera-
pies (such as surgery and immunotherapy). Finally, we can-
not rule out other confounding factors beyond examination
that may be related to nutritional status or survival. Despite
these limitations, this study may serve as a significant refer-
ence for predicting survival in older ESCC patients.
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Fig. 6 The restricted cubic spline of pre-therapeutic nutritional-related prognostic indicators in elderly locally advanced ESCC patients. A, B GNRI on OS
and PFS; C, D BMI on OS and PFS; E, F) CONUT on OS and PFS; G, H PAR on OS and PFS. HR, hazard ratio; GNRI, geriatric nutrition risk index; OS, overall
survival; PFS, progression-free survival; BMI, body mass index; CONUT score, the controlling nutritional status score; PAR, platelet-albumin ratio
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Conclusions

The GNRI, BMI, CONUT score, and PAR can be considered
as objective evaluation tools to assess the risk of nutrition-
related mortality in elderly patients with ESCC receiving
dCRT or dRT. Compared to the four indicators, the NNPI
provides the greatest predictive value for prognosis and is
most appropriate for the majority of senior ESCC patients.
Lastly, we discovered that elderly patients with a greater nutri-
tional risk had a poorer outcome.

Abbreviations
EC Esophageal cancer

ESCC Esophageal squamous cell carcinoma

GNRI Geriatric nutrition risk index

BMI Body mass index

CONUT score The controlling nutritional status score

PAR Platelet-albumin ratio

PNI Prognostic nutritional index

dCRT Definitive chemoradiotherapy

dRT Definitive radiotherapy

PTNPS Pre-therapeutic nutritional prognostic score
NNPI Novel nutritional prognostic index

IMRT Intensity-modulated radiotherapy

3D-CRT 3-Dimensional conventional radiotherapy
OAR Organs at risk

cT Computed tomography

FDG-PET 18F-fluorodeoxyglucose positron emission tomography
cw Current weight

IBW Ideal body weight

(&N Overall survival

PFS Progression-free survival

ROC The receiver operating curve

time-ROC The time-dependent receiver operating curve
RCS Restricted cubic splines

AUC Area under the ROC curve
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Additional file 1: FigureS1. Kaplan-Meier analysis of age, tumor

length, andN stage for (A, C, E) OS and (B, D, F) PFS. OS, overall survival;
PFS,progression-free survival; GNRI, geriatric nutrition risk index; BMI,
body massindex; CONUT score, the controlling nutritional status score;
PAR platelet-albumin ratio. FigureS2. (A) Prediction nomogram for 1-year,
3-year, and 5-year OS. (B-D)Calibration curves depicting the probability of
1-year, 3-year, and 5-year OSbetween the prediction and the actual obser-
vation. The X-axis represents theprobability predicted by the nomogram,
while the Y-axis represents the actualobservation. FigureS3. (A)Prediction
nomogram for 1-year, 3-year, and 5-year PFS. (B-D) Calibrationcurves
depicting the probability of 1-year, 3-year, and 5-year PFS between thepre-
diction and the actual observation. The X-axis represents the probability-
predicted by the nomogram, while the Y-axis represents the actual obser-
vation. FigureS4. Kaplan-Meier curves are according to tumorlocation,
tumor length, RT dose, chemotherapy, and PNI in different riskgroups. (A)
OS and PFS of patients with tumor locations located in thecervical/upper;
(B) OS and PFS of patients with tumor locations located in themiddle/
lower; (C) OS and PFS of patients with tumor lengths < 5.9 cm; (D) OSand
PFS of patients with tumor lengths > 5.9 cm; (E) OS and PFS of patients-
with RT dose < 59.96 Gy; (F) OS and PFS of patients with RT dose > 59.96
Gy;(G) OS and PFS of patients without chemotherapy; (H) OS and PFS of
patientswith chemotherapy; (I) OS and PFS of patients with PNI < 46.55; (J)
OS andPFS of patients with PNI > 46.55. RT, radiotherapy; PNI, prognostic
nutritionalindex; OS, overall survival; PFS, progression-free survival.
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