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Utility of feeding jejunostomy in patients with esophageal cancer
undergoing esophagectomy with a high risk of anastomotic
leakage
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Background: Feeding jejunostomy is widely used for enteral nutrition (EN) after esophagectomy; however,
its risks and benefits are still controversial. We aimed to evaluate the short-term and long-term outcomes of
feeding jejunal tube (FJT) in patients undergoing esophagectomy for esophageal squamous cell carcinoma
(ESCC) who were deemed high-risk for anastomotic leakage.

Methods: We retrospectively analyzed 716 patients who underwent esophagectomy with (FJT group, n=68)
or without (control group, n=648) intraoperative placement of FJT. Propensity score matching (PSM) was
used for the adjustment of confounding factors. Risk level for anastomotic leakage was determined for every
patient after PSM.

Results: Patients in the FJT group were at higher risk of anastomotic leakage (14.9% vs. 11.3%), and had
a statistically non-significant increase of postoperative complications [31.3% wvs. 21.8%, odds ratio (OR)
=1.139, 95% confidence interval (CI), 0.947-1.370, P=0.141] after PSM. Medical expenditure, length of
postoperative hospital stay, and short-term mortality were similar between the FJT and control groups.
Placement of FJT appeared to accelerate the recovery of anastomotic leakage (27.2 vs. 37.4 d, P=0.073).
Patients in FJT group achieved comparable overall survival (OS) both before [hazard ratio (HR) =0.850,
P=0.390] and after (HR =0.797, P=0.292) PSM.

Conclusions: FJT showed acceptable safety profile along with potential benefits for ESCC patients with
a high presumed risk of anastomotic leakage. While FJT does not impact OS, placement of EJT should be

considered in esophagectomy patients and tailored to individual patients based on their leak-risk profile.
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Introduction

Esophagectomy is one of the most challenging procedures
in oncology and one that is fraught with a high incidence of
complications and a substantial decrease in health-related
quality of life (HRQoL) (1,2). At the current stage, nil by
mouth in the first week after esophagectomy is generally
applied in many institutions. However, postoperative
weight loss is usually observed in these patients, which is
an unfavorable prognostic factor (3). With the emerging
concept of fast-track surgery, many institutions have
attempted to implement the protocol of early oral feeding
(EOF) after esophagectomy (4,5). However, anastomotic
leakage and aspiration pneumonia remain the two major
concerns precluding postoperative EOF (5,6). In these
circumstances, perioperative application of traditional
methods, such as feeding jejunostomy, is still in demand
to address the prevalent nutritional problems and allow
the anastomosis to heal without additional strain from oral
ingestion at early postoperative stage.

Intraoperative placement of feeding jejunal tube (FJT)
offers a route for enteral nutrition (EN) to bridge the
very first postoperative period to a safer stage for oral
diet. Despite its extensive use and popularity, the risks and
benefits of FJT in patients with esophageal cancer (ESCA)
remain controversial (7-11). In prior studies, FJT has
been associated with reduced length of hospital stay, and
possibly with improved short-term mortality (8,12). In the
presence of anastomotic leakage, a lower risk for severe
morbidity was also observed in patients with FJT (13).
However, an increased risk of tube-related complications,
such as superficial infection, bowel obstruction, intestinal
torsion, and necrosis have been reported in many
studies (7,12,14,15), which might impair the HRQoL,
and ultimately, the long-term survival outcome of the
patients. Previous studies have mainly focused on the
short-term outcomes of FJT (7,8,11,14), while few studies
have investigated its long-term prognostic impact (16).
Additionally, no study to date has been conducted to
investigate the effect of FJ'T" in the specific group of patients
with a higher pretest probability of anastomotic leakage.
In other word, whether the addition of a FJT to the high
risk group helped by decreasing the risk to a normal risk
requires further investigation.

We carried out a retrospective study using a single-
institution database of esophageal squamous cell carcinoma
(ESCCQ). To the best of our knowledge, this is the first study
using propensity score matching (PSM) to simultaneously
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evaluate the short-term effect and long-term survival
outcome of FJT in the same group of patients. Preoperative
risk assessment of anastomotic leakage was innovatively
performed to analyze the effect of EJT on high risk patients.
We aimed to address the abovementioned question and
provide more evidence for clinical decision-making in
placing FJT in patients with resectable ESCC. We present
the following article in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
igo-21-133).

Methods
Patients

A prospectively maintained database of ESCC in
Guangdong Provincial People’s Hospital was used to
identify the study cohort. Clinical data in this database
were continuously collected from the electronic medical
records (EMR) according to a predefined protocol and had
undergone regular quality control. All included patients
had been treated for ESCC in our institution between
January 2008 and December 2017. Patients who did not
receive esophagectomy (n=361), or had only pathologically
confirmed epithelial dysplasia or high-grade intraepithelial
neoplasia (n=5) were excluded for statistical analysis. A
total of 716 out of 1,082 patients were finally eligible for
the retrospective analyses (Figure I). All included patients
were restaged according to the 8" edition of tumor-node-
metastasis (TNM) staging system. This study was approved
by the Institutional Review Board of Guangdong Provincial
People’s Hospital (No. GDREC2019687H). All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). Individual consent for this retrospective analysis
was waived.

Preoperative workup and neoadjuvant therapies

All patients had routinely undergone comprehensive
preoperative examinations, including esophageal endoscopy,
barium swallow radiography, computed tomography
(CT), cardiopulmonary function test, and biochemical
blood tests. Neoadjuvant chemotherapy with a regimen of
platinum plus paclitaxel was administered to select patients
according to National Comprehensive Cancer Network
(NCCN) guidelines. Neoadjuvant chemoradiation was
not a preferential strategy in our institute, which was
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Figure 1 Diagram of patient selection and the procedure of propensity score matching.

offered to less than 20% of advanced stage patients in
this study. Further assessments for eligibility of surgery
were conducted after completion of at least 2 cycles of
neoadjuvant therapy. Most patients in our institute received
preoperative or intraoperative assessment to determine the
necessity of a FJ'T. The following clinical characteristics were
recognized as major risk factors for anastomotic leakage: (I)
uncontrolled diabetes mellitus, with glycosylated hemoglobin
(HbAlc) >8.0%; (II) poor nutritional status, with body
mass index (BMI) <18.5 kg/m’; (IIT) with neoadjuvant
chemoradiotherapy; (IV) with intraoperative impairment of
gastroepiploic artery. Minor risk factors included obesity,
heavy smoking before surgery, upper thoracic ESCC and
prolonged surgical duration, which was defined as longer
than 6 hours after first incision. The patients with one major
risk factors or more than one minor risk factors were suitable
for intraoperative placement of FJT. All risk factors were
retrospectively reviewed and collected from the EMR.

Operation of esophagectomy and jejunostomy

Surgical procedures included Sweet esophagectomy, Ivor
Lewis esophagectomy, and McKeown esophagectomy,

either with an open or minimally invasive approach. At
minimum, a two-field lymphadenectomy was performed for
all patients. A longitudinal Witzel jejunostomy technique
was usually employed in selected patients with a higher
presumed risk of anastomotic leakage as mentioned above.
A feeding tube was inserted into the antimesenteric margin
of jejunum approximately 20 cm distal to the Treitz
ligament, with 4/0 Vicryl purse string suture around the
site where the tube penetrated through the intestinal
wall. A serosal tunnel was constructed for the catheter in
the small intestine 3-5 cm proximally from the catheter’s
exit site using a continuous suture. The tube was then
fixated to the peritoneum of internal abdominal wall and
additionally to the skin with interrupted sealing sutures.
All procedures were performed by the same surgical group
in our department, which had ensured a stable quality of
operation.

Postoperative management and adjuvant therapies

All patients with EJT (EJT group) initiated liquid enteral
feeding on the morning of postoperative day 1 (POD1),
using individualized formulas tailored by dieticians. Those
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without jejunostomy (control group) started with total
parenteral nutrition (TPN) on POD1 with a stepwise
increase of calories. Oral diet was usually resumed during
PODS5 to POD7 in the control group, unless there was any
evidence of anastomotic leakage on contrast esophagram. In
contrast, oral diet except for clear liquid was usually delayed
for at least 3 days in the FJ'T group compared to the control
group, to ensure the healing of anastomosis. Methods of
catheter care were taught to the family caregivers before
discharge of patients in the FJT group. The feeding tube
was usually removed at the first follow-up visit (1 month
after surgery) depending on the nutritional needs. Platinum-
based adjuvant chemotherapy or chemoradiotherapy was
offered to selected patients according to clinical guidelines.

Patient follow-up

First-year follow-up visits were scheduled at 1, 3, 6, 9,
and 12 months after esophagectomy. Thereafter, patients
would visit our outpatient clinic every 3 to 6 months
for the following 4 years. Patients who did not comply
with the follow-up plan would be contacted regularly by
telephone to determine their vital status. The primary
outcome of this study was overall survival (OS), which was
calculated from the date of esophagectomy to the date
of death. Other outcomes of interest included medical
expenditure, length of postoperative hospital stay, time to
recover from anastomotic leakage, short-term mortality,
and postoperative complications. The time to recover
from anastomotic leakage was calculated from the date
of diagnosis of leakage to the date that the patient was
discharged from hospital with closure of esophageal fistula
itself and recovery of leakage-related complications.
The last contact to the patients was January 31, 2020,
and the median follow-up time of this study cohort was
67.3 months [range, 1 to 136 months; 95% confidence
interval (CI), 62.37-72.23]. Patients who were lost to
follow-up or survived through the cutoff date for follow-up
were classified as censored data in the statistical analyses.

Statistical analysis

Patients were classified into the FJT group or control
group according to the presence or absence of jejunostomy.
Demographic and clinicopathologic data were summarized
as frequency and percentage, with categorical variables and
ordinal variables compared by Chi-square test and Mann-
Whiney U test, respectively. Medical expenditure and length
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of postoperative hospital stay were presented as quartiles and
compared by Mann-Whiney U test. Rate of postoperative
mortality and complication was analyzed using a crosstable
to calculate odd ratios (OR) and compared by Fisher’s
exact test. PSM was performed by the method of nearest
neighbor in a 2:1 ratio, with a caliper of 0.05 (Figure I).
Potential confounding factors of survival outcome, such
as age, sex, BMI, Charlson comorbidity index (CCI),
pathological stage, neoadjuvant therapy, and adjuvant
therapy were included in the calculation of propensity score.
Survival curves were depicted by the Kaplan-Meier method
and compared by log-rank test. Baseline variables that were
considered clinically relevant or that showed a univariate
relationship with OS were entered into multivariate Cox
proportional hazards regression model. A two-sided P value
<0.05 was considered statistically significant in all tests. All
statistical analyses were performed in SPSS 23.0 software
for Windows (IBM Corp., Armonk, NY, USA) except for
PSM, which was conducted in R software version 3.6.3 (R
Foundation for Statistical Computing, Vienna, Austria) with
the “Matchlt” package.

Results
Patient characteristics and risk of anastomotic leakage

A total of 1,082 patients were assessed for eligibility, and
716 of them were finally included (Figure I). Baseline
characteristics and clinicopathologic information of all
patients before and after PSM were summarized in Table 1.
In the overall study cohort, 68 out of 714 (9.5%) patients
received intraoperative placement of jejunostomy. The
pathological stages were slightly different between the two
groups (P=0.085), with a higher proportion of advanced
stage (stage III and IV) patients in the FJT group (58.8% ws.
44.0%). This was probably contributed by the significantly
different distribution of pathological N stages (P=0.028).
Otherwise, the FJT group and control group were similar
regarding age, sex, BMI, CCI, tumor location, pathological
T stage, tumor grade, surgical approach, as well as
administration of neoadjuvant and adjuvant therapies,
with all P values >0.05 (Zable I). After adjustment by PSM,
67 patients in the FJT group were matched to 133 patients
in the control group, and all variables were balanced
between groups, with all P values >0.1 (7able 1). Risk profile
for anastomotic leakage in both groups is depicted and
summarized in Table 2. The common risk factors observed
in the FJT groups were uncontrolled diabetes mellitus
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Table 1 Characteristics of the patients who received esophagectomy for esophageal squamous cell carcinoma before and after propensity score

matching

Characteristics

Before PSM

After PSM

Control (n=648) (%) FJT (n=68) (%) P value Control (n=133) (%) FJT (n=67) (%) P value
Age (in years) 0.083 0.863
<60 348 (53.7) 44 (64.7) 87 (65.4) 43 (64.2)
>60 300 (46.3) 24 (35.3) 46 (34.6) 24 (35.8)
Sex 0.302 0.873
Male 519 (80.1) 58 (85.3) 112 (84.2) 57 (85.1)
Female 129 (19.9) 10 (14.7) 21 (15.8) 10 (14.9)
BMI (kg/m?) 0.067 0.455
<18.5 103 (15.9) 4 (5.9) 16 (12.0) 4 (6.0
18.5-23.9 387 (59.7) 44 (64.7) 81 (60.9) 44 (65.7)
>23.9 158 (24.4) 20 (29.4) 36 (27.1) 19 (28.3)
CClI 0.995 0.830
0-1 610 (94.1) 64 (94.1) 124 (93.2) 63 (94.0)
>2 38 (5.9) 4 (5.9 9(6.8) 4 (6.0)
Tumor location 0.241 0.821
Upper 76 (11.9) 4 (5.9 11 (8.3) 4 (6.0)
Middle 434 (67.8) 52 (76.5) 97 (72.9) 51 (76.1)
Lower 130 (20.3) 12 (17.6) 25 (18.8) 12 (17.9)
Pathological stage 0.085 0.642
IA+1B 65 (10.0) 10 (14.7) 13(9.8) 10 (14.9)
IIA + 1IB 298 (46.0) 18 (26.5) 48 (36.1) 18 (26.9)
A + 1IB 212 (32.7) 28 (41.2) 56 (42.1) 27 (40.3)
IVA + IVB 73 (11.3) 12 (17.6) 16 (12.0) 12 (17.9)
Pathological T stage 0.635 0.337
pTia+ib 63 (9.7) 10 (14.7) 12 (9.0) 10 (14.9)
pT2 156 (24.1) 15 (22.1) 29 (21.8) 15 (22.4)
pT3 422 (65.2) 41 (60.3) 89 (66.9) 40 (59.7)
pT4a+4b 7(1.0) 2(3.0) 3(2.3) 2 (3.0)
Pathological N stage 0.028 0.542
pNO 357 (55.1) 28 (41.2) 59 (44.4) 28 (41.8)
pN1 140 (21.6) 19 (27.9) 36 (27.1) 18 (26.9)
pN2 85 (13.1) 10 (14.7) 25 (18.8) 10 (14.9)
pN3 66 (10.2) 11 (16.2) 13 (9.8) 11 (16.4)
Tumor grade 0.962 0.956
G1 86 (13.3) 8(11.8) 19 (14.3) 7 (10.4)
G2 427 (65.9) 47 (69.1) 83 (62.4) 47 (70.1)
G3 135 (20.8) 13 (19.1) 31 (23.3) 13 (19.4)

Table 1 (continued)
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Characteristics

Before PSM

After PSM

Control (n=648) (%) FJT (n=68) (%) P value Control (n=133) (%) FJT (n=67) (%) P value
Neoadjuvant therapy 0.359 0.989
Yes 71 (11.0 5(7.4) 10 (7.5) 5(7.5)
No 577 (89.0) 63 (92.6) 123 (92.5) 62 (92.5)
Surgical procedure 0.109 0.155
Sweet® 78 (12.0) 3 (4.4) 17 (12.8) 3(4.5)
Ivor Lewis 95 (14.7) 8(11.8) 18 (13.5) 8(30.8)
McKeown 475 (73.3) 57 (83.8) 98 (73.7) 56 (83.6)
Surgical approach 0.463 0.584
Open 297 (45.8) 28 (41.2) 59 (44.4) 27 (40.3)
Minimally invasive 351 (54.2) 40 (58.8) 74 (55.6) 40 (59.7)
Adjuvant therapy 0.257 0.728
Yes 259 (40.0) 32 (47.1) 65 (48.9) 31 (46.3)
No 389 (60.0) 36 (52.9) 68 (51.1) 36 (53.7)

“, sweet esophagectomy: esophagectomy through a sole left thoracotomy incision. PSM, propensity score matching; FJT, feeding jejunal
tube; BMI, body mass index; CCI, Charlson comorbidity index.

Table 2 Risk profile for anastomotic leakage in esophagectomy patients after propensity score matching

Risk factors Risk level Control, n=133 (%) FJT, n=67 (%)
Preoperative risk factors
Uncontrolled diabetes mellitus M 2 (1.5) 28 (41.8)
Poor nutritional status M 6 (4.5) 3 (4.5)
Obesity m 0(0) 2 (3.0)
Heavy smoking before surgery 2(1.5 15 (22.4)
Neoadjuvant chemoradiotherapy 0(0) 3 (4.5)
Upper thoracic ESCC 11 (8.3) 4 (6.0)
Intraoperative risk factors
Intraoperative impairment of gastroepiploic artery M 0 (0) 2 (3.0
Prolonged surgical duration 4 (3.0) 13 (19.4)
Risk profile classification
No RF 108 (81.2) 14 (20.9)
1 mRF 15 (11.3) 6 (9.0)
>1 MRF, with or without mRF 8 (6.0) 36 (53.7)
>2 mRFs, without MRF 2(1.5) 11 (16.4)

M, major; m, minor; RF, risk factor; mRF, minor risk factor; MRF, major risk factor; ESCC, esophageal squamous cell carcinoma; FJT,

feeding jejunal tube.
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Table 3 Short-term results and complications after propensity score matching
Short-term results Control, n=133 (%) FJT, n=67 (%) Odds ratio® P value
Medical expenditure (CNY)
Median (Q1, Q3) 88,795 (67,867, 10,929) 88,666 (72,818, 115,330) - 0.267
Length of postoperative hospital stay (d) - 0.802
Median (Q1, Q3) 15 (12, 20) 16 (12, 24.5)
<30d 117 (88.0) 58 (86.6)
>30d 16 (12.0) 9(13.4) 1.016 (0.907-1.138)  0.777
Short-term mortality
90-day mortality 0 1(1.5) 3.015 (2.475-3.673)  0.335
180-day mortality 4 (3.0) 2(3.0) 1.008 (0.180-5.647)  1.000
Complications in detail
Small bowel obstruction 2(1.5) 1(1.5) 0.995 (0.198-4.989) 1.000
Anastomotic leakage 15 (11.3) 10 (14.9) 1.228 (0.726-2.077) 0.500
Pneumonia 13(9.7) 8(11.9) 1.025 (0.923-1.137)  0.222
Undesirable healing of surgical site 9 (6.8) 5(7.5) 1.071 (0.516-2.227) 1.000
Re-operation 1(0.8)° 1(1.5)° 1.500 (0.370-6.082)  1.000
Atrial fibrillation 3(2.3 3 (4.5) 1.516 (0.664-3.458)  0.404
Complications in total® 29 (21.8) 21 (31.3) 1.139 (0.947-1.370)  0.141
Jejunostomy-related 0(0) 2(9.5) 1.105 (0.962-1.270)  0.171
Mean time to recover from anastomotic leakage (d) 37.4 27.2 - 0.073

2, control group as the reference group; °, re-operated due to intrathoracic active bleeding; ¢, re-operated for repairment of the anastomotic
leakage; ¢, one patient with more than 1 complication at the same time was counted as one. FJT, feeding jejunal tube; CNY, Chinese Yuan.

(41.8%), heavy smoking before surgery (22.4%) and
prolonged surgical time (19.4%). Placement of a FJT was
indicated in 70.1% patients in the FJT group, and 92.5%
patients in the control group did not required intraoperative
jejunostomy according to our conventional criteria.

Fejunostomy and short-term impacts

The short-term outcomes and complications after PSM
are listed in 7able 3. As can be seen, medical expenditure
was approximately even between the FJT and control
groups (P=0.267). There was no significant difference with
regard to length of postoperative hospital stay (P=0.802).
Proportions of delayed discharge from hospital (>30 days)
were 13.4% versus 12.0% [odds ratio (OR) =1.016, 95%
CI, 0.907-1.138, P=0.777] in the FJT and control groups,
respectively. Additionally, no statistically significant
difference was found in terms of 90-day (P=0.335) or

© Journal of Gastrointestinal Oncology. All rights reserved.

180-day (P=1.000) mortality. From a statistical point of
view, there was no significant increase of postoperative
complications (OR =1.139, 95% CI, 0.947-1.370, P=0.141)
in the FJT group, which primarily comprised of anastomotic
leakage (14.9% vs. 11.3%), pneumonia (11.9% vs. 9.7%),
small bowel obstruction (1.5% wvs. 1.5%), undesirable
healing of incision site (7.5% vs. 6.8%), and re-operation
(1.5% wvs. 0.8%). However, 90.5% of the complications were
jejunostomy-unrelated in the FJT group. The mean time to
recover from anastomotic leakage was 37.4 versus 27.2 days
(P=0.073) in the control group and FJT group, respectively.

Jejunostomy and long-term survival outcomes

The median OS of the FJT group and control group before
PSM was 76.30 (95% CI, 54.30-98.25) versus 62.10 (95%
CI, 51.50-72.70) months, with no statistically significant
difference (P=0.390). After the adjustment of multiple
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Figure 2 Overall survival curves in patients with or without jejunostomy after esophagectomy. (A) Survival curves before propensity score

matching; (B) survival curves after propensity score matching.

survival confounding factors, there was still no significant
difference between the FJT and control groups with
respect to OS (P=0.292) (Figure 2). In univariate analysis,
nutritional jejunostomy was found to be an insignificant
protective factor for OS [hazard ratio (HR) =0.797, 95% CI,
0.522-1.217, log rank test P=0.292]. Similarly, multivariate
analysis adjusted for BMI, CCI, pathological stage, and
adjuvant therapy did not reveal a worse OS in patients
requiring nutritional jejunostomy (HR =0.716, 95% CI,
0.464-1.106, P=0.132) (Table 4).

Subgroup analysis based on preoperative BMI

A subgroup analysis stratified by preoperative BMI was
conducted in PSM matched patients (Figure 3). Again,
patients in FJT group that had a higher risk of anastomotic
leakage achieved a comparable OS to the control group,
regardless of the underweight (BMI <18.5, P=0.422),
normal weight (BMI =18.5-23.9, P=0.480) or overweight
(BMI >23.9, P=0.102) patients. However, it should be noted
that the results in the underweight and overweight patients
might have been limited by their sample sizes.

Discussion

Nutritional status has been found to be associated with
survival outcome in various cancers, especially cancers of

© Journal of Gastrointestinal Oncology. All rights reserved.

the digestive system (17-19). Gastrointestinal malignancies
are also demonstrated to have the highest prevalence of
perioperative weight loss (3), and the implementation
of nutritional support therapy (NST) appears to be a
rational strategy in these circumstances. Postoperative EN
is believed to be helpful in maintaining gastrointestinal
integrity and avoiding complications associated with
parenteral nutrition (PN), such as central venous catheter
infection and venous thrombosis (20). In this regard, EN
is typically preferred over PN in real-world practice (21).
FJT is most commonly used for NST in ESCC patients,
and it is routinely performed in many institutions with
the purpose of nutritional optimization (9). However, the
distribution of FJT usage has only demonstrated a strong
association with the traditions of operating centers rather
than patient characteristics (9,16). This may partially reflect
the controversy and weakness of the scientific evidence for
the role of FJT in the postoperative management of ESCC
patients (7-9,11,16).

For FJT users, increased incidence of complications, such
as mechanical bowel obstruction, tube dislodgement, and
site infection, has been reported in many studies (11,22).
These complications were associated with a higher frequency
of emergency department visits (15). In several previous
studies, the need for the routine placement of FJT has been
put into doubt by weighting its nutritional advantage against
its regimen-related morbidities and mortalities, along with
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Table 4 Univariate and multivariate analyses of overall survival in patients after propensity score matching
Variable (reference) Univariate HR (95% ClI) P value Multivariate HR (95% ClI) P value
Age (<60) 0.703 -
>60 1.082 (0.722-1.622)
Sex (male) 0.529 -
Female 0.830 (0.463-1.486)
BMI (<18.5) 0.193% 0.165
18.5-23.9 1.487 (0.742-2.981) 1.737 (0.839-3.598)
>23.9 1.020 (0.474-2.196) 1.239 (0.557-2.756)
CClI (0-1) 0.093* 0.112
>2 1.852 (0.892-3.845) 1.823 (0.869-3.824)
Tumor location (upper) 0.199
Middle 0.622 (0.321-1.204) -
Lower 0.485 (0.218-1.081)
Pathological stage (IA + IB) 0.001* 0.001
IIA + 1IB 1.994 (0.768-5.180) 1.906 (0.726-4.999)
A + 1B 3.717 (1.483-9.317) 4.253 (1.626-11.125)
IVA + IVB 4.188 (1.553-11.292) 4.816 (1.716-13.520)
Pathological T stage (pT1a + 1b) 0.004
pT2a + 2b 1.700 (0.622-4.643)
pT3 3.413 (1.381-8.435) B
pT4 3.273 (0.781-13.725)
Pathological N stage (pNO) 0.002
pN1 2.325 (1.423-3.800)
pN2 2.005 (1.160-3.464) B
pN3 2.484 (1.339-4.607)
Tumor grade (G1) 0.494
G2 1.162 (0.613-2.205) -
G3 1.458 (0.720-2.953)
Jejunostomy (no) 0.292° 0.132
Yes 0.797 (0.522-1.217) 0.716 (0.464-1.106)
Neoadjuvant therapy (no) 0.651
Yes 1.194 (0.553-2.580) B
Surgical approach (sweet) 0.582
Ivor Lewis 1.099 (0.499-2.419) -
McKeown 0.832 (0.452-1.531)
Adjuvant therapy (no) 0.235% 0.156
Yes 1.267 (0.856-1.875) 0.714 (0.449-1.137)
Complication (no) 0.529

Yes

1.157 (0.772-1.732)

¢, variables included in multivariate analysis. HR, hazard ratio; 95% Cl, 95% confidence interval; BMI, body mass index; CCl, Charlson

comorbidity index.
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Figure 3 Overall survival curves in propensity-score-matched patients with or without jejunostomy after being stratified by preoperative
BML. (A) Survival curves of underweight patients (BMI <18.5 kg/m?’); (B) survival curves of normal weight patients (BMI =18.5-23.9 kg/m’);

(C) survival curves of overweight patients (BMI >23.9 kg/m’).

its impact on HRQoL (7,23-25). Recently, a population-
based study of 8,632 patients confirmed the benefits of
jejunostomy in reducing length of hospital stay (OR =0.78,
95% CI, 0.62-0.97, P=0.028), in-hospital mortality (OR
=0.76, 95% CI, 0.63-0.90, P=0.002) and 30-day mortality

(OR =0.67, 95% CI, 0.50-0.88, P=0.004) (10). In the case of
anastomotic leakage, FJT was found to be more suitable for
longer administration of nutrients, which also accelerated
the recovery of anastomotic leakage (26). This result was
in consistent with the result of our study. Risk factors
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associated with anastomotic leakage usually include diabetes
mellitus (27), higher preoperative HbAlc (28), active
smoking (29), a poor nutritional status or obesity, etc. (27,30).
In our study, patients receiving jejunostomy usually had a
higher presumed risk of anastomotic leakage according to the
assessment by surgeons, and therefore they could have been
worse in terms of postoperative outcome (Zable 2). However,
they demonstrated a comparable medical expenditure, length
of postoperative hospital stay, and similar safety profile to
those without jejunostomy, which indicated the safety in
performing this procedure (7able 3). Although safety is not a
sufficient reason to recommend this procedure, any potential
gain in nutritional benefit, HRQoL, or survival benefit
should be assessed before considering this procedure. The
patients in our study may benefit from jejunostomy to an
extent, given their higher risk for anastomotic leakage but an
approximate rate of incidence, which might be contributed
by the preventive effect of FJT placement. As the nutritional
indicators such as serum level of albumin, pre-albumin
or transferrin usually fluctuate due to the perioperative
intravenous infusions including the albumin itself, they
were not an accurate reflection of the true nutritional status.
Given this, we apply an indicator “mean time to recover
from anastomotic leakage” as a surrogate to assess the
postoperative nutritional benefit. It seems that placement of
FJT could accelerate the recovery of anastomotic leakage in
our study, with a statistically boundary significance (7able 3).

Despite the extensive research on the short-term outcomes
of FJT, there is a scarcity of long-term assessments of FJT in
patients after esophagectomy. For the first time, the current
study assessed the long-term effects of jejunostomy by using
PSM analysis. A more reliable conclusion could be expected
after the adjustment of potential confounding factors. It
has been reported that anastomotic leakage was associated
with impaired OS and disease-free survival in both colonic
and ESCAs (31,32). In this study, no significant difference
in survival outcome was found between the FJT group and
control group either before or after PSM (Figure 2), which
is consistent with the result of a previous study (HR =0.89,
95% CI, 0.74-1.07, P=0.218) (16). In other perspective,
patients with a higher risk of anastomotic leakage achieved
a comparable outcome to those of lower risk, which might
indicate a potential positive effect of this procedure.

A clinical guideline formulated by the American Society
for Parenteral and Enteral Nutrition recommends against
the routine application of NST in patients undergoing
major cancer operations (Grade A recommendation),
based on the rationale that no improved outcome has been
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observed in many studies (21). However, its advantage
may be uncovered when tailored to individual patient
characteristics. For example, it is still recommended in
highly selective patients with poorer general conditions,
such as severe malnourishment (21). In our study, selected
patients with a high presumed risk of anastomotic leakage
can also benefit from the placement of FJT. Although a
further subgroup analysis in our study did not show any
significant survival benefit of FJT among patients with
different levels of preoperative BMI, the evidence was not
very conclusive in the underweight and overweight patients,
given their limited sample sizes.

The results of this study were bolstered by its methodological
strengths, which include prospectively gathered data and
PSM analysis. This study is also limited by its retrospective
nature, and thus the specific reasons for placement of
FJT could not be ascertained in every single patients.
Nevertheless, this potential selection bias was reduced
by using PSM to adjust for multiple confounding factors.
Additionally, inclusion of patients from only one institution,
where chemotherapy alone was predominantly used instead
of chemoradiotherapy, may limit the generalizability of the
study results. However, all patients were operated on by the
same surgical team, which likely reduced the heterogeneity
in surgical techniques and postoperative management, and
ensured comparability across patients.

Conclusions

In summary, this is the first study to use PSM analysis to
evaluate the short-term and long-term outcomes of FJT
in patients after esophagectomy. Patients with a high
presumed risk of anastomotic leakage achieved comparable
short-term and long-term outcomes in the presence of
FJT. Intraoperative placement of FJT also appeared to
accelerate the recovery of anastomotic leakage. Although
the routine placement of FJT is not encouraged, its use in
tailored patients should be considered, especially for those
with a high risk of anastomotic leakage. Prospective study is
warranted to further determine the preventive effect of FJT
on esophagectomy-related complications.
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