Article

The Impact of Enteral Nutritional
Support on Surgical Complications
and Clinical Efficacy in Children With
Neuroblastoma With Moderate or
High Nutritional Risk

Pan Wul'?, Qin Zhang?T, Mincui Zheng', Benshan Zhang', Wenyong Kuang!, Wanli Li',

Ann. Ital. Chir,, 2026 97, 9: 1597-1606
https://doi.org/10.62713/aic.4553

Haixia Yang!

I Department of Hematology, Hunan Children’s Hospital, 410007 Changsha, Hunan, China
2Hospital-Made Preparations Center, The First Hospital of Hunan University of Chinese Medicine, 410007 Changsha, Hunan, China

AIM: This study aims to investigate the association between enteral nutritional support, surgical complication rates, and the nutritional
improvement effect in pediatric neuroblastoma (NB) patients.

METHODS: This retrospective cohort study enrolled 94 neuroblastoma patients (<14 years old) with moderate or high nutritional risk
who underwent treatment at Hunan Children’s Hospital between August 2019 and October 2021. Patients were assigned to a control
group (n = 45), who received routine dietary guidance, and an experimental group (n = 49), who received enteral nutritional support
along with routine dietary guidance. Group assignment indicated clinical decision-making by the treating clinicians, taking into account
various parameters such as the children’s tolerance to oral intake, the severity of digestive tract symptoms, the Nutrition Screening Tool for
Childhood Cancer (SCAN) score, and caregivers’ preferences. These clinical considerations were combined with input from caregivers
when determining the nutritional protocol. The nutritional status, daily energy intake, and incidence of complications after surgery and
chemotherapy were compared between groups.

RESULTS: Before treatment, no statistically meaningful variations in all indicators were observed between groups (p > 0.05). After
surgery and chemotherapy, the experimental group showed substantially higher levels of physical indicators (mid-upper arm circum-
ference [MUACT], triceps skinfold thickness [TSFT] and biochemical indicators (hemoglobin [Hb] and prealbumin [Pre-Alb]) than the
control group (p < 0.05)). After surgery and chemotherapy, the experimental group exhibited substantially higher average daily energy
and protein intake levels compared with the control group (p < 0.05). Additionally, the experimental group had significantly lower
rates of postoperative complications (4.1% versus 24.4%, risk ratio [RR] = 0.168, 95% confidence interval [CI]: 0.041-0.690) and post-
chemotherapy complications (2.0% versus 15.6%, RR = 0.128, 95% CI: 0.017-0.967) than the control group (p < 0.05). No adverse
events related to enteral nutritional support occurred in the experimental group during the intervention period.

CONCLUSIONS: Enteral nutritional support can substantially improve the nutritional status and daily energy intake in neuroblastoma
patients with moderate or high nutritional risk. This intervention can further decrease the likelihood of complications after surgery and
chemotherapy.
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effect

surgery, chemotherapy, radiotherapy, and immunotherapy.
Although advances over the past few decades have im-
proved outcomes, with five-year survival rates in metastatic
neuroblastoma cases rising from <20% to >50%, the overall
prognosis for affected children remains unsatisfactory [2].

Introduction

Neuroblastoma (NB) is an embryonal tumor that arises from
immature precursor cells of the adrenal medulla or the par-
avertebral sympathetic ganglia. It primarily affects chil-
dren, most commonly between 1 and 5 years of age, and
accounts for approximately 14.6% of cancer-related mor-
talities [1]. Current treatment approaches for NB include

Management of neuroblastoma often requires a multimodal
strategy, which can severely disrupt nutritional status and
eventually affect normal growth and development [3]. Evi-
dence indicates that a significant proportion of NB patients
are already at nutritional risk, and their condition often
worsens gradually after surgery, chemotherapy, and other
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treatments [4]. Children with moderate or high nutritional
risk tend to exhibit relatively compromised immune func-
tion, predisposing them to a higher risk of treatment-related
complications. These conditions reduce their tolerance and
responsiveness to treatment, thereby impairing therapeutic
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efficacy and adversely affecting survival outcomes [5].
Enteral nutritional support therapy is a structured interven-
tion to optimize nutritional status in these patients. It has
been found to effectively lower the occurrence of compli-
cations, enhance the overall therapeutic effect, and improve
the overall survival outcomes, while reducing the mortal-
ity rate [6]. Despite the moderate or high nutritional risk
in children with NB, the role of enteral nutritional support
therapy remains under-recognized in both clinical practice
and by caregivers [7].

This study focuses on children with NB combined who
are at moderate or high nutritional risk and are treated us-
ing a unified therapeutic pathway consisting of surgery fol-
lowed by chemotherapy. It systematically evaluates the ef-
fect of enteral nutritional support, particularly short peptide
or hydrolyzed formula, on short-term nutritional outcomes
and the incidence of perioperative and chemotherapy-
associated complications. Given the limited availability of
population-specific data, our findings aim to provide clini-
cal evidence for the development of standardized nutritional
interventions in pediatric NB patients. This study further
seeks to analyze the association between enteral nutritional
support, postoperative complications, and improvement in
nutritional status among this high nutritional patient group.

Methods
Patient Recruitment and Baseline Characteristics

This retrospective cohort study enrolled 94 children with
neuroblastoma who were at moderate or high nutritional
risk and underwent treatment at the Hunan Children’s Hos-
pital between August 2019 and October 2021. Based on
the clinical treatment strategy selected during routine clini-
cal management, patients were assigned to a control group
(n = 45), who received routine dietary guidance, and an
experimental group (n = 49), who received routine dietary
guidance along with enteral nutritional support. Group as-
signments indicated clinical decision-making by the treat-
ing clinicians, taking into account various parameters such
as the children’s tolerance to oral intake, the severity of di-
gestive tract symptoms, the Nutrition Screening Tool for
Childhood Cancer (SCAN) score, and caregivers’ prefer-
ences. These clinical considerations were combined with
input from the caregiver when determining the nutritional
protocol.

Baseline clinical characteristics such as gender, age, clini-
cal stage, and risk stratification were comparable between
the two groups, minimizing the risk of selection bias. The
study was conducted in compliance with the ethical prin-
ciples outlined in the Declaration of Helsinki and obtained
ethical approval from the Ethics Committee of Hunan Chil-
dren’s Hospital (approval number: 2023-003-07). Given
the retrospective study design, the requirement for informed
consent was waived by the Ethics Committee. All patient
data were de-identified before analysis. No participants
were dropped or lost during the follow-up period.
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Inclusion and Exclusion Criteria

Inclusion criteria for patient selection were as follows: ® a
confirmed diagnosis of neuroblastoma based on clinical and
pathological evaluation; @ children with moderate or high
nutritional risk using the SCAN [8]; @ patients aged <14
years; @ no evidence of major organ dysfunction; and ®
all children received a standardized treatment strategy con-
sisting of complete or partial surgical resection of the tu-
mor followed by 4 cycles of chemotherapy, in line with the
standardized institutional clinical treatment protocol for pe-
diatric NB adopted during 2019-2021 across different risk
categories such as low/intermediate/high-risk NB.

Patients were excluded if they @ coexisted with severe sys-
temic disease; @ had a known family history of psychiatric
illness; ® had undergone treatment for recurrent disease; @
had an acute infectious disease; and ® were unable to com-
plete the planned course of treatment.

Nutrition Risk Screening

The SCAN was utilized to assess nutritional risk. This tool
consists of 6 items, each with a score ranging from 1 to 2
points, giving a total of 10 points. A SCAN score of 3 or
higher indicates a moderate or high nutritional risk in these
patients. Further details of the SCAN assessment are shown
in Table 1.

Treatment Protocols

All neuroblastoma patients (n = 94) with moderate or high
nutritional risk underwent complete or partial surgical re-
section of the tumor, followed by 4 cycles of standard
chemotherapy. According to the Diagnosis and Treatment
Standards for Childhood Neuroblastoma [9] issued by the
National Health Commission, the chemotherapy regimens
were as follows: etoposide + cisplatin (EP) regimen — cy-
clophosphamide + doxorubicin + vincristine (CAV) regi-
men — etoposide + cisplatin (EP) regimen — cyclophos-
phamide + doxorubicin + vincristine (CAV) regimen (EP-
CAV-EP-CAV). Each treatment cycle lasted 21 days.

Clinical evaluations were performed at three key time
points of initial diagnosis, after tumor resection but before
the initiation of the first chemotherapy cycle, and upon the
completion of the fourth postoperative chemotherapy cycle.
During the study, patients received chemotherapy accord-
ing to the institutional treatment protocol for pediatric NB.

Nutritional Assessment and Intervention Procedures

(1) Before initiating nutritional intervention, dietary intake
was evaluated using a structured, self-designed question-
naire consisting of 12 items. The tools assessed informa-
tion on daily food type, quantity of intake, feeding fre-
quency, and tolerance to oral intake, and were completed
by caregivers under the guidance of nursing staff. To ob-
tain more reliable information on habitual intake, a three-
day dietary record was documented. Based on these data,
dietary composition was evaluated, and individual energy
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Table 1. Details of SCAN assessment scores.

Content

Yes No

Does the child have a high-risk tumor?

Is the child receiving intensive treatment?

Does the child have digestive tract-related symptoms?

1
1
2
Was the child’s oral nutrient intake insufficient in the past week? 2
Did the child experience weight loss in the past month? 2

2

Does the child have clinical manifestations related to malnutrition?

(=N = = ]

SCAN, Nutrition Screening Tool for Childhood Cancer.

and protein requirements were determined using the Rec-
ommended Nutrient Intake (RNI) guidelines [10]. Adjust-
ments in daily intake were made according to body weight,
with daily targets of 30-35 kcal/kg for energy and 1.5-
2.0g/kg for protein, considering the increased metabolic de-
mands associated with malignancy.

(2) Both study groups received standardized dietary guid-
ance aligned with RNI recommendations for pediatric can-
cer patients. The guidance focused on a diet that was high in
protein and calories, easily digestible, and administered in
regular, measured amounts, while avoiding food likely to
irritate the gastrointestinal tract. Furthermore, the dietary
plan was individualized based on age, tolerance to oral in-
take, and gastrointestinal symptoms. An experienced nutri-
tionist provided tailored advice during hospitalization and
continued support after discharge.

(3) In addition to standard dietary guidance, patients in
the experimental group received enteral nutrition (EN) in-
tervention [11]. During neoadjuvant chemotherapy and
postoperative chemotherapy phases, children aged >1 year
were given a short peptide formula enriched with high
medium-chain triglycerides (Xiaobaitai, 4.184 kJ/mL; nu-
trient content, 1 kcal/mL; protein, 3.6 g/100 mL; fat, 4.2
g/100 mL; carbohydrate, 10.8 g/100 mL). Whereas those
aged <1 year received an extensively hydrolyzed formula
(Aiershu, 4.184 kJ/mL; nutrient content, 1 kcal/mL; pro-
tein, 2.0 g/100 mL; fat, 3.8 g/100 mL; carbohydrate, 11.2
g/100 mL). The selection of enteral formulas was based on
age and gastrointestinal tolerance according to clinical nu-
tritional assessment.

The dosage of enteral nutrition was approximately one-
quarter of the total daily energy requirement. This approach
was based on the principle of gradual nutritional supple-
mentation recommended for malnourished pediatric cancer
patients in the “Expert Recommendations on the Standard-
ized Process for Nutritional Management of Children with
Hematological/Oncological Diseases” [11] and Tume et al.
(2020) [6], aiming to reduce digestive tract intolerance as-
sociated with rapid or excessive feeding. The duration of
the support lasted for 1-2 weeks: one week for children
with good oral intake tolerance and up to two weeks for chil-
dren with poor oral intake tolerance, based on clinical eval-
uation by nutritionists and pediatricians [12]. Adherence to
nutritional support was monitored through documented in-

take of the enteral nutrition formula and caregiver feedback
during follow-up. The remaining child’s nutritional needs
were provided through regular oral feeding. The control
group received conventional oral dietary management ac-
cording to routine clinical practice.

Observation Indicators

Nutritional Outcomes: Nutritional improvement was as-
sessed through both physical and biochemical indica-
tors. Physical indicators included body weight, height,
body mass index (BMI), mid-upper arm circumference
(MUACQ), and triceps skinfold thickness (TSFT). The short-
term changes in height largely reflect minor measurement
fluctuations associated with variations in body composi-
tion rather than actual linear growth. BMI was calcu-
lated using the standard formula (weight kg/height m?)
to ensure consistency with weight and height data. Cor-
rected-BMI (¢cBMI) was calculated to mitigate bias from tu-
mour-associated fluid retention. Raw weight was adjusted
by subtracting clinically-estimated excess fluid mass, while
raw height remained unchanged for computation (cBMI =
weightcorrected/heightz). Raw body weight and height plot-
ted in Fig. 1 represent unadjusted bedside measurements.
MUAC and TSFT served as primary nutritional markers
owing to their low susceptibility to fluid shifts.
Biochemical indicators included hemoglobin (Hb), albu-
min (Alb), and prealbumin (Pre-Alb). Fasting venous blood
samples (2 mL) were collected in the early morning at three
time points, such as at initial diagnosis, after surgery, and
after completion of chemotherapy. After centrifugation,
the biochemical indicators were analyzed using standard-
ized clinical assays: hemoglobin (Hb) by SLS spectropho-
tometry (Mindray Medical), albumin (Alb) by BCP method
(Roche), and prealbumin (Pre-Alb) by immunoturbidimetry
(UpingBio). All procedures followed the routine protocols
of the hospital laboratory.

The primary indicators for evaluating nutritional status used
in this study were MUAC and TSFT, as these measurements
are less affected by tumor burden or fluid shifts and there-
fore provide a more reliable indication of the nutritional sta-
tus of children with tumors [ 13]. Other indicators were used
as supportive reference indicators.

We did not convert height and weight measurements into
age- and sex-standardized Z-scores in the present study
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for two main reasons. First, enrolled patients covered a
wide age span from neonates up to 14 years old, and local
Chinese pediatric growth standard Z-score databases lack
unified, mature reference criteria for pediatric cancer chil-
dren complicated by tumor-induced edema and cachexia,
which would cause biased Z-score calculation. Second,
this research focused on short-term perioperative and post-
chemotherapy dynamic changes of nutritional status within
individual patients rather than population-based normative
comparison against healthy children; raw measured values
were sufficient to reflect intergroup short-term anthropo-
metric variations, while MUAC and TSFT were prioritized
as core stable nutritional markers to avoid calculation bias
from Z-score normalization.

Daily Energy Intake: Nutritional intake was evaluated in
terms of energy and protein consumption. For each assess-
ment point, the average daily intake was calculated based on
3 consecutive days of dietary record (one week after surgery
and at the end of the fourth chemotherapy cycle). These
data were recorded and analyzed by trained medical staff.
Complications: Both surgical and chemotherapy-
associated complications were documented. Postoperative
complications included wound dehiscence, infection, and
exudation. Additional recovery-related indicators, includ-
ing time to first oral intake and duration of postoperative
hospital stay, were recorded and analyzed as supplementary
outcomes. Chemotherapy-related complications included
myelosuppression, organ dysfunction, and gastrointestinal
adverse reactions. The severity of all complications was
graded according to the Common Terminology Criteria for
Adverse Events (CTCAE), version 5.0 (National Cancer
Institute, Bethesda, MD, USA).

Statistical Analysis

Statistical analysis was conducted using SPSS version 22.0
(IBM Corp, Armonk, NY, USA). Before analysis, the nor-
mality of measurement data was assessed using the Shapiro-
Wilk test, and homogeneity of variance was evaluated us-
ing Levene’s test. For repeated measurements of nutritional
indicators across the three time points (baseline, postoper-
ative, and post-chemotherapy), repeated measures analysis
of variance was used to determine time effects, group ef-
fects, and time x group interactions. When the assumption
of sphericity was violated, the Greenhouse—Geisser correc-
tion was applied. When multiple comparisons were re-
quired, the Bonferroni correction method was used.
Measurement variables that met the assumption of normal
distribution and homogeneity of variance were expressed as
mean =+ standard deviation (x+s) and analyzed using an in-
dependent samples #-test for inter-group comparisons and
a paired samples #-test for intra-group comparisons. Cat-
egorical variables were presented as frequencies and per-
centages and compared using the chi-square test.

To account for potential confounding, multivariate logistic
regression analysis was performed for key outcome indi-
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cators, such as postoperative and chemotherapy-associated
complications, with adjustment for age, clinical stage, and
risk stratification. GraphPad Prism 8.0 (GraphPad Soft-
ware, Inc., San Diego, CA, USA) was used to generate
graphical outputs, and a p-value of <0.05 was considered
statistically significant. Risk ratios (RRs) and 95% confi-
dence intervals (CIs) were calculated to estimate the relative
risk of postoperative and chemotherapy-associated compli-
cations between groups. Missing data were minimal (<3%)
and were appropriately handled during analysis. Given the
retrospective study design, neither clinicians nor evaluators
were blinded to the nutritional intervention during compli-
cation evaluation.

Results
Comparison of Baseline Information Between Groups

The control group consisted of 45 patients, including 32
males and 13 females. Of these, 10 children were younger
than 1 year, and 35 were aged 1 year or older. Regarding
clinical staging, 2 cases were classified as Stage I, 11 as
Stage II, 12 as Stage III, 17 as Stage IV, and 3 as Stage
IVs. Based on risk stratification, 12 cases were classified
as low-risk, 10 as intermediate-risk, and 23 as high-risk.
In the experimental group, there were 35 males and 14 fe-
males. Among them, 14 children were under 1 year of age,
and 35 were >1 year old. Clinical staging revealed 3 cases
in Stage I, 12 in Stage II, 15 in Stage III, 17 in Stage IV,
and 2 in Stage IVs. For risk stratification, 13 cases were in
the low-risk group, 12 in the intermediate-risk group, and
24 in the high-risk group.

Comparative analysis demonstrated no significant differ-
ences between the two groups in terms of baseline char-
acteristics, including sex, age, clinical stage, or risk strati-
fication (p > 0.05). These findings indicate the two groups
were well balanced at baseline (Table 2).

Comparison of Nutritional Status Between Groups

Repeated-measures analysis of variance (ANOVA) showed
significant effects of group, time, and group x time inter-
action across all nutritional indicators (p < 0.05). At the
baseline, there were no statistically significant differences
between groups for any measured indicator (p > 0.05), in-
dicating comparable baseline conditions.

Bonferroni post-hoc analysis demonstrated that after
surgery, corrected BMI showed a numerical trend to-
ward higher values in the experimental group (18.74 +
3.26 kg/m?) relative to the control group (17.55 + 2.41
kg/m?), without reaching statistical significance. By con-
trast, MUAC (9.52 + 2.21 c¢m) and TSFT (6.23 + 1.62
mm) were substantially higher in the experimental group
compared with the control group (6.53 £ 1.42 cm, 4.49 +
1.21 mm) (p < 0.05). The coexistence of relatively higher
BMI, TSFT, and biochemical indicators was due to the tu-
mor-associated fluid retention affecting BMI, along with
early improvement in fat stores and biochemical status fol-
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Table 2. Comparison of baseline characteristics between the two groups [n (%)].

2

Control group (n =45) Experimental group (n=49) p-value
Gender 0.001 0.973
Male 32 35
Female 13 14
Age (years) 0.497 0.481
<1 10 14
>1 35 35
Clinical stage - 0.980
Stage [ 2 3
Stage 11 11 12
Stage I1I 12 15
Stage IV 17 17
Stage IVs 3 2
Risk stratification 0.073 0.964
Low risk 12 13
Intermediate risk 10 12
High risk 23 24

Note: Risk stratification refers to disease/tumor risk stratification of neuroblastoma. — indicates that

Fisher’s exact test was used.

lowing nutritional intervention.

Bonferroni post-hoc test further indicated that following
chemotherapy, body weight (17.42 = 7.74 kg), height
(93.52 + 18.23 cm), and corrected-BMI (19.90 + 3.82
kg/m?) showed higher numerical values in the experimen-
tal group versus the control group (13.42 + 5.32 kg, 83.35
+16.21 cm, 19.30 + 2.51 kg/m?), only the difference in
corrected-BMI was not statistically significant. However,
MUAC (9.82 + 2.04 cm) and TSFT (6.43 + 1.52 mm) re-
mained significantly higher in the experimental group than
in the control group (6.52 + 1.23 cm, 4.61 = 1.11 mm) (p <
0.05). Of note, the observed between-group height discrep-
ancy was attributable to short-term body water shift, posture
and measurement error instead of true longitudinal skeletal
growth over the brief treatment period.

Biochemical parameters followed a similar pattern. After
surgery, the levels of Hb (118.11 + 18.62 g/L), Alb (42.92
+ 7.11 g/L), and Pre-Alb (171.42 + 48.21 g/L) were sig-
nificantly higher in the experimental group compared with
the control group (109.21 + 15.04 g/L, 38.32 + 5.83 g/L,
145.32 £ 46.51 g/L) (p < 0.05). Following chemotherapy,
the levels of Hb (121.43 £ 16.72 g/L) and Pre-Alb (175.04
+ 49.32 g/L) remained significantly higher in the experi-
mental group than in the control group (108.12 + 14.04 g/L,
143.52 +£48.04 g/L) (p < 0.05).

Significant group X time interactions were observed for
MUAC, TSFT, Hb, Alb, and Pre-Alb (p < 0.05), but not
for corrected-BMI (p > 0.05). These findings indicated that
the nutritional improvement observed in the experimental
group was time-dependent and more evident than in the
control group for primary anthropometric and biochemical
nutritional markers. These results are illustrated in Fig. 1.

Comparison of Daily Energy Intake Between Groups

Repeated-measures ANOVA showed significant effects of
group, time, and group x time interaction for both daily en-
ergy intake and daily protein intake (p < 0.05). At base-
line, no statistically significant differences were observed
between groups in daily energy and protein intake (p >
0.05). Bonferroni-adjusted post-hoc analysis showed that
during the early postoperative recovery phase (one week af-
ter surgery), patients in the experimental group had substan-
tially higher average daily energy intake (2320.40 + 326.20
kJ/d) and protein intake (33.42 + 9.21 g/d) compared with
those in the control group (1802.50 + 363.50 kJ/d, 24.77 +
6.12 g/d) (p < 0.05). Bonferroni post-hoc test further in-
dicated that after completion of chemotherapy (at the end
of the fourth chemotherapy cycle), the experimental group
maintained higher average daily energy intake (2410.60 +
472.10 kJ/d) and average daily protein intake (42.93 £ 6.40
g/d) compared to the control group (1820.30 +290.40 kJ/d,
22.94 + 3.89 g/d) (p < 0.05). Significant group X time in-
teractions were observed for both energy intake and protein
intake (p <0.05), indicating that improvement in dietary in-
take in the experimental group increased over time and was
consistently greater than that reported in the control group.
These results are presented in Fig. 2.

Comparison of Postoperative Complication Rates Between
the Two Groups

In the experimental group, postoperative complications
were relatively less frequent: 1 case of wound dehiscence,
no wound infection, and 1 case of wound oozing were
observed, yielding an overall complication rate of 4.1%
(2/49). In contrast, the control group had a higher incidence
of postoperative complications, with 4 cases of wound de-
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average of 3 consecutive days of dietary records.

hiscence, 2 cases of wound infection, and 5 cases of wound
oozing, giving a total complication rate of 24.4% (11/45).
The incidence of postoperative complications was signifi-
cantly lower in the experimental group than in the control
group (p < 0.05, RR = 0.168, 95% CI: 0.041-0.690), as
shown in Table 3.
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Multivariate logistic regression analysis adjusted for age,
clinical stage, and risk stratification showed that enteral nu-
tritional support was associated with a reduced risk of post-
operative complications (odds ratio [OR] = 0.152, 95% CI:
0.036-0.645, p = 0.010; the OR value is for reference only
due to the small number of complication events).
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Table 3. Comparison of postoperative complication rates between the groups [n (%)].

Group Number of Wound Wound Wound Total incidence (%) RR (95%CI) x p-value
cases dehiscence infection oozing
Experimental group 49 1 0 1 4.1% (2/49) 0.168 (0.041-0.690)
Control group 45 4 2 5 24.4% (11/45) - 8162 0.004
RR, risk ratio; CI, confidence interval.
Table 4. Comparison of post-chemotherapy complication rates between groups [n (%)].
Group Number of  Myelosupp-  Organ function Gastrointesti- Total incidence (%) RR (95%CT) ¥ p-value
cases ression damage nal reaction
Experimental group 49 0 0 1 2.0% (1/49) 0.128 (0.017-0.967) 0.026
Control group 45 1 2 4 15.6% (7/45)

Fisher’s exact test was used when expected frequencies were small;

Additional parameters of postoperative surgical recovery
also favored the experimental group. The time to first oral
intake was significantly shorter (24.5 £ 6.2 hvs. 36.8 £8.5
h, p <0.05), and the length of postoperative hospital stay
was reduced (7.2 £ 1.5 d vs. 10.5 +2.3 d, p <0.05) in the
experimental group than in the control group.

All recorded complications were mild to moderate in sever-
ity (CTCAE v5.0 Grade 1-2), and no severe (Grade 3—4)
complications occurred in either group. Notably, no ad-
verse events related to enteral nutrition support were found
in the experimental group.

Analysis of Post-Chemotherapy Complication Rates
Across Groups

The experimental group reported very few postoperative
complications after chemotherapy, with no cases of myelo-
suppression or organ dysfunction and only one case of gas-
trointestinal reaction, yielding an overall complication rate
0f2.0% (1/49). In contrast, the control group demonstrated
a higher complication rate, with one 1 case of myelosup-
pression, 2 cases of organ function impairment, and 4 cases
of gastrointestinal reaction, giving a total complication rate
of 15.6% (7/45). The incidence of post-chemotherapy com-
plications was significantly lower in the experimental group
than in the control group (p < 0.05, RR = 0.128, 95% CI:
0.017-0.967), as shown in Table 4.

Multivariate logistic regression analysis adjusted for age,
clinical stage, and risk stratification showed that enteral nu-
tritional support was associated with a reduced risk of post-
chemotherapy complications (OR =0.119, 95% CI: 0.015—
0.927, p = 0.042; the OR value is for reference only due to
the small number of complication events).

All reported complications were graded as mild to moder-
ate (CTCAE v5.0 Grade 1-2), and no severe (Grade 3—4)
adverse events were found in either group.

Discussion

Children with neuroblastoma often present with moderate
or high nutritional risk, which can adversely affect treat-
ment outcomes. Poor nutritional status can reduce re-

IR

indicates that the y> value was not applicable.

sponse to treatment, increase the risk of complications dur-
ing surgery and chemotherapy, and ultimately affect the
overall survival [14]. Compared with adult cancer patients,
children have additional nutritional demands for growth and
development, making them particularly vulnerable to mal-
nutrition during cancer treatment [15]. Currently, thera-
peutic strategies often focus on tumor-directed therapies,
while the impact of malnutritional status is relatively under-
recognized by clinicians and caregivers [16]. Therefore,
this study recruited 94 children with neuroblastoma and
moderate or high nutritional risk who received a standard-
ized surgery followed by a chemotherapy regimen, and as-
sessed the association between enteral nutritional support,
surgical complications, and short-term nutritional recovery.
The aim was to explore the clinical relevance of structured
nutritional intervention in these patients.

Initially, dietary assessment, based on questionnaire data,
revealed that both energy intake and protein intake in these
patients were below pre-illness levels and did not meet rec-
ommended standards such as the Swedish Nutrition Recom-
mendations (SNR) [17]. This underscores the significance
of early and precise nutritional evaluation in guiding inter-
vention approaches [18]. However, there are various clini-
cal methods for assessing nutritional status, and to date, no
universally accepted gold standard exists for the nutritional
evaluation of pediatric tumor patients [19]. In the present
study, nutritional assessment indicators were selected based
on clinical relevance and the distinct characteristics of chil-
dren with neuroblastoma.

Anthropometric parameters such as body weight, height,
and NMI may be affected by tumor burden, fluid retention,
and hormonal factors, restricting their reliability in indicat-
ing true nutritional status. In contrast, MUAC and TSFT
are less affected by these factors and provide a more sta-
ble estimate of the true nutritional status of children with
tumors. Therefore, this study used MUAC and TSFT lev-
els as the primary indicators for assessing nutritional risk,
while biochemical indicators were interpreted as supportive
measures.
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Our findings indicated that patients receiving enteral nu-
tritional support showed consistent improvements in both
physical and biochemical indicators after surgery and
chemotherapy. Post-surgery, the experimental group exhib-
ited higher levels of BMI, MUAC, TSFT, Hb, Alb, and Pre-
Alb compared to the control group. After chemotherapy,
the experimental group maintained the same higher levels
for these variables. These improvements may be due to ad-
equate provision of energy, resulting in improved metabolic
functions, enhanced protein synthesis, and broader immune
competence, as evidenced by increases in albumin and
prealbumin levels [6,13]. At the molecular level, nutri-
tional support may also help regulate inflammatory signal-
ing pathways, including cytokines such as tumor necrosis
factor-alpha (TNF-a) and interleukin-6 (IL-6), and improve
immune cell function (such as lymphocytes), thereby alle-
viating the risk of complications. In addition, the individu-
alized energy and protein calculation based on body weight
and age, tailored to the high metabolic demands of these
patients, likely contributed to these outcomes.

Previous studies have shown that nutritional risk tends to
worsen as treatment progresses in children with neuroblas-
toma [4,20], especially when surgical intervention is fol-
lowed by immediate chemotherapy. This combined phys-
iological effect causes damage to the children’s health and
greatly increases the risk of complications [21]. Barr et al.
[22] found that the prevalence of nutritional risk in chil-
dren with cancer is as high as 95%, and nutritional support
can significantly improve clinical outcomes. This study’s
outcomes are in agreement with their conclusions, which
further confirms that enteral nutritional support therapy is
associated with a significant reduction in the probability
of complications from surgery and chemotherapy in chil-
dren. In addition, the experimental group had a shorter
time to first oral intake and shorter postoperative hospi-
tal stay, which is consistent with the conclusion of Joffe
et al. (2020) [16] that nutritional support can improve the
treatment tolerance of children with tumors. Regrettably,
we were unable to analyze the correlation between im-
proved nutritional status and chemotherapy dose reduction
or treatment delay rates in the current retrospective anal-
ysis due to incomplete archived medical record documen-
tation of planned versus actual chemotherapy dosing and
scheduling; further prospective research is needed to verify
whether optimized enteral nutrition could lower the inci-
dence of chemotherapy dose adjustments or treatment post-
ponement.

Despite these promising findings, this study has several
limitations that should be acknowledged before interpret-
ing these findings. First, as a retrospective cohort study,
the grouping was based on clinicians’ and caregivers’ pref-
erences (according to oral intake tolerance, digestive tract
symptoms, and SCAN score), which may introduce po-
tential selection bias. Although baseline characteristics
were balanced and multivariate regression adjusted for con-
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founding factors (age, clinical stage, risk stratification),
other confounders such as tumor location/size, surgical
complexity, chemotherapy toxicity risk factors and other
indicators were not included in the adjustment due to the
lack of standardized recording in the retrospective study.
Second, this study was performed at a single center with a
relatively small sample size, which may limit the generaliz-
ability of the findings. In addition, the wide age range of the
enrolled children and the use of raw height measurements
rather than age- and sex-standardized values may have con-
tributed to the observed between-group difference in height;
therefore, height should be interpreted only as a supportive
anthropometric indicator. Third, follow-up duration was
short; therefore, it was challenging to conduct an accurate
assessment and evaluation of the long-term prognostic out-
comes (e.g., S-year survival rate, treatment completion rate
and relapse rate). This study analyzed short-term nutri-
tional outcomes and complication rate, and the long-term
effect needs to be further verified through extended follow-
up. Fourth, the nutritional support duration (1-2 weeks)
was relatively short, and the impact of long-term support re-
mains unclear. Fifth, due to the retrospective study design,
the clinicians and evaluators were not blinded to the nutri-
tional intervention, which may lead to assessment bias. Fi-
nally, the relatively small number of complication events in
this study reduces the stability of regression estimates, and
the reported associations should be interpreted with caution.
Future studies should follow prospective, randomized con-
trolled trials, ideally multicenter with larger cohorts, and
extended follow-up, to better explore the causal effect of en-
teral nutritional support in pediatric neuroblastoma patients
with moderate or high nutritional risk. Future investiga-
tions should also clarify the underlying molecular mecha-
nisms and establish an optimized, individualized nutritional
support protocol based on patient age, risk profile, and treat-
ment stage.

Conclusions

In children with neuroblastoma and moderate or high
nutritional risk undergoing unified surgery followed by
chemotherapy, the implementation of enteral nutritional
support was associated with improved nutritional status, in-
creased energy intake, and significantly reduced treatment-
related complications. These improvements may effec-
tively enhance tolerance to treatment without causing ad-
ditional safety concerns. However, due to the retrospective
study design, these findings only indicate an association,
and larger, prospective randomized controlled trials are re-
quired to confirm the causal relationship. Standardized and
individualized enteral nutritional support protocols should
be developed for pediatric NB patients with moderate or
high nutritional risk through multi-center, extended follow-
up approaches.
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