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Background: The oesophageal carcinoma patients show high incidence of malnutrition,
which negatively affects their therapy outcome. Moreover, benefits of enteral nutrition
remain to be studied in details in these patients. Therefore, we set to assess the effects of
enteral nutrition on the nutritional status, treatment toxicities and survival in the
oesophageal carcinoma patients treated with concurrent chemoradiotherapy (CCRT).

Materials and Methods: Eligible patients were randomly assigned to either the
experimental or control group. The patients in the experimental group were treated with
a whole-course enteral nutrition management, while the control group were provided a
unsystematic nutrition without setting intake goals for energy and protein. The primary
endpoint was a change in body weight, while the secondary endpoints included nutrition-
related haematological indicators, toxicities, completion rate of treatment and survival.

Results: A total of 222 patients were randomised to either the experimental (n=148) or
control (n=74) group. Patients in the experimental group showed significantly less
decrease in body weight, serum albumin and haemoglobin levels, a lower incidence
rates of grade ≥3 myelosuppression and infection, and a higher completion rate of CCRT
than those in the control group. While analyses of the 2 and 3 year overall survival (OS) and
progression-free survival (PFS) did not reveal differences between these groups, we
observed a significantly higher OS at 1 year (83.6% vs. 70.0%). In the subgroup analysis,
patients with patient-generated subjective global assessment (PG-SGA)=C were likely to
have better OS and PFS with enteral nutrition.
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Conclusions: In EC patients treated with CCRT, enteral nutrition conferred positive
effects on the nutritional status, treatment toxicities and prognosis, which mandate its
inclusion in clinical practice.

Clinical Trial Registration: This prospective trial has been registered with www.
clinicaltrials.gov as NCT02399306.
Keywords: oesophageal carcinoma, enteral nutrition, chemoradiotherapy, nutritional status, prognosis
INTRODUCTION

Oesophageal cancer (EC) is amalignant tumourwithahigh incidence
rate and more than 570000 cases are newly diagnosed worldwide
every year (1). In China, the incidence rate of oesophageal cancer
ranks fifth inmen and ninth inwomen (2). Chemoradiotherapy is an
important intervention for patients with oesophageal cancer (3).

The incidence of weight loss and malnutrition is high in
patients with oesophageal cancer due to dysphagia, painful
swallowing, alterations in metabolism, and adverse effects of
radiotherapy and chemotherapy. Moreover, oesophageal
carcinoma often ranks first in the incidence of malnutrition as
60–85% patients show different degrees of malnutrition (4–6).
Furthermore, malnutrition not only reduces sensitivity to
chemoradiotherapy, clinical outcomes and quality of life, but
also increases treatment toxicity and hospital stays (7–9).

The European Society for Parenteral and Enteral Nutrition have
suggested the importance of nutritional interventions in cancer
patients (10). Moreover, recent studies have indicated that
nutritional treatment can improve the nutritional status, treatment
tolerability andquality of life, and decrease the treatment toxicity and
duration of hospital stay in patients with esophageal cancer (11, 12).

However, well-designed, large-scale, andmulticentre randomised
studies need to be conducted. Additionally, previous studies have
entirely focused on studying the effects of enteral nutrition in
improving the body weight or other nutritional indicators, and
only few studies have addressed the long-term analysis of patient
survival. Therefore, the controversies pertaining the survival benefits
of nutritional therapy remain to be studied.

The present study has its genesis in the discussion about a
possibility of the beneficial effect of enteral nutrition on patients
with esophageal cancer (EC). This is the first, prospective,
multicentre, randomised, controlled clinical study in China and
abroad, where the effect of enteral nutrition was evaluated in
patients with EC undergoing chemoradiotherapy. The aim of the
study was to evaluate the effects of enteral nutrition on nutritional
status and treatment toxicities. Additionally, we performed a long-
term follow-up of patients post-discharge to evaluate whether the
administration of enteral nutrition can influence the survival.
MATERIALS AND METHODS

Eligibility Criteria
Patients were recruited based on the following inclusion criteria:
(1) histologically confirmed, stage II–III oesophageal carcinoma;
2

(2) adequate digestive and absorption functions; (3) 18 years ≤ age
≤ 75 years; (4) the patient-generated subjective global assessment
(PG-SGA) scores ≥ 2 points; (5) Karnofsky performance status
(KPS) scores ≥ 70 points; (6) adequate haematological, renal,
hepatic and pulmonary functions (defined as, absolute neutrophil
count ≥ 1500 cells/mm3, a platelet count ≥ 100000 cells/mm3,
haemoglobin levels ≥ 9.0 g/dL, bilirubin levels ≤ 1.5 times the
upper limit of the institutional normal range, transaminase levels ≤
3 times the upper normal limit and serum creatinine levels ≤ 2.0
mg/dL); and (7) no signs of perforation.

Further, the exclusion criteria were: (1) the intestinal functions
severely impaired or patients intolerant to enteral nutrition; (2)
incapable of oral feeding and insertion of nutrition tube or unwilling
to accept the insertion of nutrition tube; (3) no malnutrition or
nutritional risk; (4) severe malnutrition (weight loss > 10% or serum
albumin [ALB] < 30 g/L or BMI < 18.5 kg/m2 or haemoglobin < 90
g/L) before the treatment; (5) serious heart, lung, liver and kidney
diseases; (6) mental disease or severe cognitive disorder.

All participants provided written informed consent before
participating in the study. The study protocol was approved by
the Ethics Committee of our hospitals. Research was conducted
in accordance with the 1964 Declaration of Helsinki and its
later amendments.

Randomisation
Eligible patients were randomly assigned (2:1) to either the
experimental or control group. Randomisation was performed
centrally using computer-generated randomisation lists.

Chemoradiotherapy
Patients in both groups received concurrent chemoradiotherapy.
All of the patients were treated with intensity-modulated
radiotherapy (IMRT) using a linear accelerator with 6-MV X-
rays via external beam radiation. The total dose prescribed to
95% volume PTV-GTV was 60–66Gy/30–33 times and PTV-
CTV 46–50Gy/23–25 times. Chemotherapy consisted of
docetaxel and cisplatin was administered every 21–28 days.
The average chemotherapy cycles of the experimental group
were 2.5 ± 1.2, while that of the control group were 2.3 ± 1.0, with
no significant difference (p=0.125).

Nutritional Intervention
The patients in the experimental group were administered a
whole-course enteral nutrition management. The basic process is
as follows: (1) nutritional risk screening with NRS-2002,
nutritional assessment with PG-SGA; (2) enteral nutrition with
February 2022 | Volume 12 | Article 839516
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oral nutritional supplement (ONS, Nutrison produced by
Nutricia) or tube feeding based on the results of nutrition
assessment, dietary investigation, degree of dysphagia;
(3) timely evaluation of the treatment effect and adjustment of
the nutritional program according to the dynamic changes of the
nutritional status and adverse effect of patients; (4) quality
control of the whole-course nutrition. The enteral nutrition
was conducted by a nutrition support team (NST), which
included clinicians, nutritionists, pharmacologists and nutrition
nurses. The intake goals for energy and protein were set as 30–35
kcal/kg/d and 1.5–2.0g/kg/d, respectively. Doctors and nurses
recorded and checked the patients’ energy and protein intake
every day and ensured nutrition quality control, such that each
patient received sufficient nutrients.

Whereas, the control group was treated with unsystematic
nutrition based on the general eating conditions, hematologic
test and treatment toxicities but not the nutritional assessment
and dietary investigation, without considering the intake goals
and nutrition quality control.

Endpoints
The primary endpoint of the study was the change in body
weight which was measured every week. Body weight change
after the treatment = body weight evaluated within 1 week after
treatment - body weight before the start of treatment. The
secondary endpoints included: a) changes in haemoglobin and
serum albumin levels, which were defined as haemoglobin and
serum albumin levels evaluated within 1 week after treatment -
haemoglobin and serum albumin levels before the start of
treatment, monitored every week and at least every two weeks,
respectively; b) side effects of radiotherapy and chemotherapy,
which were evaluated according to the Radiation Therapy
Oncology Group criteria and the National Cancer Institute
Common Terminology Criteria for Adverse Events (version
3.0); c) infection rate, which was defined as patients with the
use of antimicrobials; d) treatment completion rate; e) survival,
including progression-free survival (PFS) and overall
survival (OS).

Follow-Up
All patients were followed up every 3 months within the first 3
years after treatment completion by outpatient clinic, telephone,
WeChat, etc. After the third year, follow-up was performed every
6 months until 5 years after treatment completion. Contrast
computed tomography of the chest, ultrasonography of the neck
and abdomen, contrast esophagography and whole-body bone
ECT scan were scheduled during follow-up. Additional
diagnostic investigations, such as MRI, PET-CT and fine-
needle aspiration, were carried out if recurrence was suspected
by these routine examinations or if complaints, such as
hoarseness, renewed dysphagia, unexplained weight loss or
pain, arose before the next scheduled visit.

Statistical Analyses
All statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows (software version
Frontiers in Oncology | www.frontiersin.org 3
19.0; SPSS Inc., Chicago, IL, USA). Based on our preliminary
experiment results, assuming a mean decrease in body weight of
0.70kg in the experimental group and 2.25 kg in the control
group after treatment, a sample size of 177 patients was required
(with a two-sided 5% significance level and a power of 80%).
Accounting for an assumed drop-out rate of 20%, a target
recruitment of 213 patients was established. Categorical
variables were described by percentages and compared using
the Chi-square test. Continuous variables were described by
mean ± standard deviation (SD) and compared using two-
sample Student’s t-test or analysis of variance (ANOVA), when
appropriate. The PFS and OS curves were derived using the
Kaplan-Meier method and compared using log-rank test.
Univariable and multivariable Cox proportional hazards
models was used to establish the effect of enteral nutrition in
subgroups. A two-sided p-value < 0.05 was considered
statistically significant.
RESULTS

Baseline Characteristics of Patients
FromMarch 2014 to June 2017, based on the established inclusion
and exclusion criteria, a total of 222 esophageal squamous cell
carcinomas patients from ten hospitals in China were randomised
into the experimental (n=148) and control (n=74) groups. In the
experimental group, 9 patients withdrew from the study, and 16
patients were lost during follow-up. A total of 10 patients in the
control group withdrew from the study, and 7 patients were lost
during follow-up. Therefore, in the final analysis, 123 patients in
the experimental group and 57 in the control group were included.
As summarised in Table 1, the baseline characteristics of the
patients were similar in both the groups without statistical
differences. A total of 27 (21.9%) patients in the experimental
group had tube feeding, of which 20 patients were treated with
nasogastric feeding tube and 7 patients used percutaneous
endoscopic gastrostomy (PEG).

Nutritional Status, Toxicities and
Treatment Completion
The early results of nutritional status and toxicities of this study
have previously been published in Chinese (13). Our re-analysis
suggests that the average weight loss in the experimental group
after the treatment was 0.73 ± 2.78 kg, which was significantly
less than that in the control group (3.47 ± 3.78 kg). Participants
in the experimental group showed less decline in serum albumin
levels than in the control group (3.86 ± 4.95 vs. 6.03 ± 5.22 g/L,
p=0.008) and haemoglobin (10.64 ± 13.61 g/L vs. 17.67 ±
15.42 g/L, p=0.002). Incidence of grade 3/4 leukopenia (45.6%
vs. 27.6%, p=0.027) and infection rate (28.1% vs. 13.0%, p=0.020)
was significantly frequent in the control than in the experimental
group. Patients in the experimental group experienced higher
chemoradiotherapy completion rates than those in control group
(96.7% vs. 87.7%, p=0.038). Further, there were no significant
inter-group differences in the lymphocyte count, ≥ G2 radiation
pneumonitis and radiation esophagitis (p > 0.05) (Table 2).
February 2022 | Volume 12 | Article 839516
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Overall Survival of the Patients
The experimental and control group had a similarmedianOS (32.5
months vs. 26.6 months; p = 0.157). However, the OS rates in the
experimental and control groupwere 83.6%and70.0%at1 year (p=
0.025), 58.9%and52.3%at 2 years (p=0.220), and42.5%and38.8%
at 3 years (p = 0.323), respectively, after treatment (Figure 1).

The prognostic impact of enteral nutrition onOS in subgroups of
EC patients with different characteristics was analysed with the Cox
Frontiers in Oncology | www.frontiersin.org 4
proportional hazards regression model (Table 3). Patients with
tumour length ≥ 5cm or PG-SGA=C had increased probability of
better OS from enteral nutrition. Moreover, in patients with tumour
length≥5cm, themedianOSwas28.0monthsand18.9months in the
experimental and control groups, respectively (p = 0.026) (Figure 2).
Whereas, in patients with PG-SGA qualitative evaluation=C, the
median OS was 33.1 months and 21.9 months in the experimental
and control groups, respectively (p = 0.020) (Figure 3).
TABLE 2 | Comparison of nutritional status, toxicities and treatment completion between the experimental and control groups.

Content Experimental group Control group p-value

Weight change after the treatment (kg)b -0.73±2.78 -3.47±3.78 0.000d

Changes in haemoglobin after the treatment (g/L)b -10.64±13.61 -17.67±15.42 0.002d

Changes in serum albumin after the treatment (g/L)b -3.86±4.95 -6.03±5.22 0.008d

Changes in the lymphocyte count after the treatment (109/L)b -0.84±0.66 -0.94±0.80 0.361d

≥G3 leukopeniaa 27.6% 45.6% 0.027c

≥G2 radiation pneumonitisa 27.6% 29.8% 0.859c

≥G2 radiation esophagitisa 34.1% 43.9% 0.247c

Incidence of infectiona 13.0% 28.1% 0.020c

Treatment completion ratea 96.7% 87.7% 0.038c
F
ebruary 2022 | Volume 12 | Article
aCategorical variables were presented as numbers (%).
bContinuous variables were presented as mean ± standard deviation.
cPearson chi-square test for categorical data was used.
dTwo independent sample t-test for numeric variables data were used.
TABLE 1 | Characteristics of patients in experimental and control groups at baseline.

Content Experimental group
(N=123)

Control group
(N=57)

p-value

Agea

<60 years 39 (31.7%) 21 (36.8%) 0.502c

≥60 years 84 (68.3%) 36 (63.2%)

Gendera

Male 94 (76.4%) 48 (84.2%) 0.326c

Female 29 (23.6%) 9 (15.8%)

Clinical stagea

II 21 (17.1%) 13 (22.8%) 0.414c

III 102 (82.9%) 44 (77.2%)

Tumour lengtha

<5cm 58 (47.2%) 23 (40.4%) 0.424c

≥5cm 65 (52.8%) 34 (59.6%)

Median (cm)b 4.95±2.00 5.22±2.20 0.416d

KPS scorea

≤80 61 (49.6%) 32 (56.1%) 0.428c

>90 62 (50.4%) 25 (43.9%)

PG-SGAa

B 76 (61.8%) 34 (59.6%) 0.870c

C 47 (38.2%) 23 (40.4%)

Tumor locationa

cervical 24 (19.5%) 11 (19.3%)

upper thoracic 63 (51.2%) 27 (47.4%) 0.316c

middle thoracic 34 (27.6%) 15 (26.3%)

lower thoracic 2 (1.7%) 4 (7.0%)

Weight (kg)b 58.96±8.95 58.25±9.61 0.448d
KPS, Karnofsky Performance Status; PG-SGA, Patient-generated Subjective Global Assessment.
aCategorical variables were presented by number (%).
bContinuous variables were presented as mean ± standard deviation.
cPearson chi-square test for categorical data was used.
dTwo independent sample t-test for numeric variables data were used.
839516
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Progression-Free Survival of the Patients
Further, the experimental and control group had a similar
median PFS (22.6 months vs. 19.5 months; p = 0.489).
However, the 1-year, 2-year, 3-year PFS rates were 67.8%
versus 57.6% (p = 0.135), 47.5% versus 46.0% (p = 0.573) and
41.5% versus 38.4% (p = 0.648) for patients treated in the
experimental and control group, respectively (Figure 4).

Next, we also analysed the prognostic impact of enteral
nutrition on PFS in subgroups of ESCC patients with different
characteristics using the Cox proportional hazards regression
model (Table 4). Furthermore, in patients with PG-SGA
qualitative evaluation=C in the experimental versus those in
the control group, the median PFS was 18.3 months versus 8.6
months (p = 0.018) (Figure 5).
Frontiers in Oncology | www.frontiersin.org 5
DISCUSSION

The prevalence of malnutrition is high among patients with
oesophageal cancer, which negatively affects the therapy
outcomes (4–6). The causes of malnutrition are complex,
including psychological and mechanical reasons. Further,
insufficient energy and protein intake caused by dysphagia,
food avoidance, and diet change are the main mechanical
reasons for malnutrition in the patients with oesophageal
carcinoma (14). Therefore, in the present study, we intended
to provide enteral nutrition to the patients with oesophageal
cancer undergoing concurrent chemoradiothrapy (CCRT) to
ensure sufficient energy and protein intake, thereby improving
the nutritional status of the patients.
TABLE 3 | Prognostic impact of enteral nutrition in subgroups of EC patients with different characteristics.

Subgroup Univariate analysis Multivariate analysis

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

Tumour length
<5cm, experimental group vs. control group 1.169 (0.587 to 2.329) 0.656 1.022 (0.499 to 2.092) 0.952
≥5cm, experimental group vs. control group 0.553 (0.325 to 0.939) 0.028 0.544 (0.318 to 0.933) 0.027
PG-SGA qualitative evaluation
B, experimental group vs. control group 0.955 (0.545 to 1.673) 0.871 0.842 (0.469 to 1.511) 0.564
C, experimental group vs. control group 0.481 (0.256 to 0.904) 0.023 0.458 (0.236 to 0.889) 0.021
Age
<60 years, experimental group vs. control group 0.599 (0.295 to 1.217) 0.156 0.563 (0.268 to 1.180) 0.128
≥60 years, experimental group vs. control group 0.837 (0.503 to 1.395) 0.496 0.809 (0.483 to 1.355) 0.420
KPS score
≤80 , experimental group vs. control group 0.633 (0.367 to 1.091) 0.100 0.586 (0.330 to 1.039) 0.067
>90, experimental group vs. control group 0.881 (0.461 to 1.682) 0.701 0.887 (0.462 to 1.702) 0.718
Clinical stage
II, experimental group vs. control group 0.564 (0.217 to 1.466) 0.240 0.459 (0.165 to 1.278) 0.136
III, experimental group vs. control group 0.790 (0.498 to 1.254) 0.318 0.812 (0.509 to 1.295) 0.381
Gender
Male 0.840 (0.529 to 1.333) 0.458 0.808 (0.507 to 1.287) 0.369
Female 0.556 (0.221 to 1.398) 0.212 0.444 (0.164 to 1.199) 0.109
February 2022 | Volume 12 | Article
KPS, Karnofsky performance status; PG-SGA, Patient-generated Subjective Global Assessment; CI, confidence interval; HR, hazard ratio.
FIGURE 1 | Kaplan-Meier overall survival curves for patients in the
experimental group vs. control group.
FIGURE 2 | Overall survival curves for patients with tumour length ≥ 5cm in
the experimental group vs. control group.
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The change in body weight was considered as the primary
endpoint since weight loss is a sensitive indicator of malnutrition,
and a frequent cause of concern in patients and doctors. Moreover,
a high prevalence of weight loss has been reported in oesophageal
carcinoma patients at diagnosis and during the treatment (15).
Additionally, Jiang et al. (6) reported 40.3% of oesophageal
carcinoma patients to have ≥ 5% weight loss during radiotherapy.
Furthermore, weight loss correlates with impairment of physical
and psychological functions, low quality of life and poor prognosis.
Therefore, maintenance of body weight in these patients is an
important issue for clinicians globally.

Here, while patients in both control and experimental groups
showed decrease in body weight during CCRT, those in the
experimental group regained their weight after completion of
treatment. Moreover, the average weight loss in the experimental
Frontiers in Oncology | www.frontiersin.org 6
group during and after CCRT was significantly less than that in
the control group. The body weight alteration may be the result
of an imbalance between energy intake and energy expenditure
caused by reduction in food intake due to tumor obstruction,
radiotherapy or chemotherapy-induced toxicities and cachexia-
related high catabolism. Further, patients in the experimental
group were administered a whole-course and systematic enteral
nutrition, which effectively ensured their daily energy and
protein needs. Thus, this strategy may be the possible
explanation for better maintenance and quick recovery in body
weight observed in patients in the experimental group.

Furthermore, our analysis also indicated that enteral nutrition
could significantly reduce the declination in levels of serum
albumin and haemoglobin, reduce the rates of grade 3/4
FIGURE 4 | Progression-free survival curves for patients in the experimental
group vs. control group.
FIGURE 3 | Overall survival curves for patients with PG-SGA qualitative
evaluation = C in the experimental group vs. control group.
TABLE 4 | Progression-free survival of enteral nutrition in subgroups of oesophageal squamous cell carcinoma patients with different characteristics.

Subgroup Univariate analysis Multivariate analysis

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

Tumour length
<5cm, experimental group vs. control group 1.530 (0.747 to 3.134) 0.245 1.630 (0.763 to 3.480) 0.207
≥5cm, experimental group vs. control group 0.604 (0.360 to 1.014) 0.091 0.637 (0.378 to 1.075) 0.091
PG-SGA qualitative evaluation
B, experimental group vs. control group 0.765 (0.425 to 1.375) 0.370 0.730 (0.398 to 1.336) 0.307
C, experimental group vs. control group 0.493 (0.269 to 0.902) 0.022 0.527 (0.285 to 0.972) 0.040
Age
<60 years, experimental group vs. control group 0.738 (0.386 to 1.408) 0.356 0.750 (0.384 to 1.466) 0.401
≥60 years, experimental group vs. control group 0.963 (0.559 to 1.661) 0.892 0.991 (0.567 to 1.733) 0.975
KPS score
≤80 , experimental group vs. control group 0.785 (0.457 to 1.347) 0.380 0.812 (0.464 to 1.423) 0.468
>90, experimental group vs. control group 1.097 (0.561 to 2.145) 0.786 1.079 (0.549 to 2.121) 0.824
Clinical stage
II, experimental group vs. control group 1.223 (0.418 to 3.583) 0.713 1.787 (0.509 to 6.267) 0.365
III, experimental group vs. control group 0.780 (0.497 to 1.223) 0.279 0.870 (0.552 to 1.373) 0.550
Gender
Male 0.930 (0.599 to 1.444) 0.747 0.912 (0.585 to 1.423) 0.685
Female 0.892 (0.237 to 3.361) 0.866 0.748 (0.177 to 3.164) 0.693
February 2022 | Volume 12 | Article
KPS, Karnofsky performance status; PG-SGA, Patient-generated Subjective Global Assessment; CI, confidence interval; HR, hazard ratio.
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leukopenia and infection, and increase the chemoradiotherapy
completion rates. Moreover, similar results have been reported in
other studies. For instance, Odelli C. et al. (16) showed that
nutrition intervention conferred a significantly positive effect on
the nutritional status and tolerance of definitive chemoradiation
treatment in patients with oesophageal carcinoma. Additionally,
Cong et al. (11) administered nutrition treatment with the help
of an interdisciplinary nutrition support team in oesophageal
carcinoma patients receiving CCRT. Their analysis suggested
that nutritional therapy could help in maintaining the nutritional
status, improving the compliance of CCRT, and reducing the
duration of hospital stay and in-patient costs. Further, by
performing a whole-course nutritional management of patients
with oesophageal carcinoma undergoing CCRT, Qiu et al. (12)
observed an improvement in the levels of albumin and total
protein, and quality of life, while reduction in the complications
of radiation oesophagitis. Taken together, our study enhances the
current understanding of the effect of enteral nutrition on the
nutritional status of patients with oesophageal carcinoma treated
with CCRT.

Further, since requirement of nutrition to improve or
maintain patient’s body weight and nutritional status is
unquestionable, studies are being conducted to understand
whether it can improve the survival. However, it remains a
controversial topic due to the limitations of related research
and data analysis. Moreover, most of the clinical studies on
nutritional therapy of cancer patients consider improvement in
body weight and other nutritional indicators as observational
end-points and only few studies have conducted long-term
follow-up of patient survival. Klek S et al. (17) conducted a
randomised clinical study to determine whether the post-
operative use of enteral nutrition could influence survival in
the patients diagnosed with stomach cancer. Their analysis
suggested that the enteral nutrition group may have a low risk
of mortality, especially during the first year after intervention,
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although, the long-term OS rates were found to be similar in both
the groups (p = 0.663). Next, in a double-blind, randomised,
controlled trial conducted by Buijs N et al. (18), the patients with
head and neck cancer receiving enteral nutrition showed a
significantly better OS (p = 0.019), disease-specific
survival (p = 0.022) and locoregional recurrence-free survival
(p = 0.027). However, no significant differences in the occurrence
of distant metastases or second primary tumour were observed
between the groups.

Further, to evaluate whether the use of enteral nutrition during
hospitalization can influence the survival, we conducted a long-
term follow-up after discharge of the patients, given the beneficial
effect of enteral nutrition on the survival of oesophageal carcinoma
patients. While we did not observe differences in survival benefit
between the experimental and control groups, patients in the
experimental group showed higher OS and PFS without
statistical significance. Furthermore, our analysis suggested a
significant survival benefit in the experimental than the control
group at 1-year, but not at 2- and 3-years post treatment.

While it is expected that nutritional treatment should
improve nutritional status and thus the OS of the patients,
question would arise as to why enteral nutrition in our study
conferred significant improvement only in the nutritional status
and 1-year survival, but no survival benefit 2-years post
treatment. The possible explanation for these findings may be
a lack of home enteral nutrition, since malnutrition occurs not
only during hospitalization, but also at home post treatment.
Moreover, uncontrolled disease, oesophageal stricture and
delayed side-effects of chemotherapy and radiotherapy present
hurdles in the maintenance of proper nutrition in such patients.
Baker ML et al. (19) observed that in patients after oesophago-
gastric resection without home enteral nutrition and 3–6 months
after hospital discharge, the oral intakes for energy and protein
were adequate in only 55% and 77% patients, respectively,
whereas 26% of the patients required rescue feeding. Moreover,
as compared to baseline values, weight loss exceeding 5%
(average 10.4%) was observed in 82–83% of the patients, 6-
weeks post-surgery. Further, though the patients in our study
received enteral nutrition during hospitalisation and their
nutritional status improved during CCRT, however, they did
not receive systematic and continuous nutrition monitoring,
education and treatment at home. Additionally, correct
nutrition concepts, good nutrition habits and standardised
nutritional treatment methods appear to have gradually been
ignored, forgotten or abandoned by the patients and family
members post discharge from hospitalisation. Thus, the
nutritional status may return to the same level in both the
groups of patients. Therefore, the benefits of in-hospital enteral
nutrition can only be maintained for a short duration, and the
effects diminish with time as the initial decrease in risk of death
in the experimental group was less and statistically insignificant.

Further, in case of oesophageal carcinoma, the importance of
home nutrition is gradually gaining attention, especially in
patients undergoing surgery. Several studies have shown that
reasonable home nutrition therapy can improve the nutritional
status, quality of life and effects of anti-tumour treatment in the
FIGURE 5 | Progression-free survival curves for patients with PG-SGA
qualitative evaluation = C in the experimental group vs. control group.
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patients (19–22). Moreover, our study indirectly establishes the
importance of home nutrition in patients with oesophageal
carcinoma undergoing CCRT with an unexpected finding.

Additionally, we observed an interesting finding in the
subgroup analysis. Although our analysis did not validate the
effect of enteral nutrition on the long-term survival in all
patients, the OS and PFS benefit was observed among patients
with PG-SGA=C. Thus, in overall, the beneficial effect of enteral
nutrition was more evident in patients with worse nutrition
status, and significantly less or even doubtful in other patients.
Furthermore, consistent with our study, Qiu M et al. (23)
observed that in stage IV gastric cancer patients who received
chemotherapy and had NRS ≥ 3, the nutrition support could help
in improving the prognosis. Thus, these results suggest that the
benefits of nutritional therapy may vary among different
populations. Therefore, we recommend that patients should be
individually stratified to determine the requirement of
nutritional treatment. The PG-SGA is an adaptation of the
validated nutrition assessment tool—SGA, and has been
specifically developed for utility in cancer patients. It has been
commonly used to assess the patient’s nutritional status in
clinical studies and has a significant correlation with the
performance status and prognosis of patients with oesophageal
carcinoma (24, 25). Moreover, the PG-SGA may be a useful
reference index to determine nutritional treatment indications,
although it is not the sole index. Additionally, we anticipate that
this study may have important guiding significance for future
research and clinical work.
CONCLUSION

In conclusion, our study showed that whole-course enteral
nutrition management can be beneficial for maintaining body
weight and nutritional status of patients with oesophageal
carcinoma receiving CCRT, and improving their treatment
tolerance and short-term prognosis (especially the patients
with PG-SGA=C). Additional follow-up is required to confirm
the beneficial effect of EN support in long-term survival.
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