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Abstract

BACKGROUND

Despite improvements in surgical procedures and peri-operative patients
management, the postoperative complications in esophagogastric junction (EGJ)
cancer remain high because of technical aspects. Several studies have indicated
the negative influence of postoperative infectious complications on long-term
survival after gastrointestinal surgery. However, no study has shown the
association between postoperative complications and long-term survival of
patients with EGJ cancer.

AIM

To elucidate influence of postoperative complications on the long-term outcomes
of patients with EGJ cancer.

METHODS

A total of 122 patients who underwent surgery for EGJ cancer at the Keio
University were included in this study. We examined the association between
complications and long-term oncologic outcomes.

RESULTS

In all patients, the 3-year overall survival (OS) rate was 71.9%, and the recurrence-
free survival (RFS) rate was 67.5%. Compared with patients without anastomotic
leakage, those with anastomotic leakage had poor median OS (8 mo vs not
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reached, P = 0.028) and median RFS (5 mo vs not reached, P = 0.055). Among
patients with cervical anastomosis, there were not significant differences between
patients with and without anastomotic leakage. However, among patients who
underwent intrathoracic anastomosis, patients with anastomotic leakage had
significantly worse OS (P = 0.002) and RFS (P = 0.005).

CONCLUSION

Anastomotic leakage was significantly associated with long-term oncologic
outcomes of patients with EGJ cancer, especially those who underwent
intrathoracic anastomosis. Cervical anastomosis with subtotal esophagectomy
may be an option for the patients who are at high risk for anastomotic leakage.

Key Words: Esophagogastric junction cancer; Complication; Long-term outcome

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The postoperative complications of gastrointestinal surgery had been reported
to have a remarkable effect on the long-term outcomes, but no study had examined this
association in esophagogastric junction (EGJ) cancer. This retrospective study found
that anastomotic leakage was remarkably associated with the survival of patients with
EGJ cancer who underwent intrathoracic anastomosis but not cervical anastomosis.
Cervical anastomosis with subtotal esophagectomy may be an option for patients who
have a high risk for anastomotic leakage.

Citation: Takeuchi M, Kawakubo H, Matsuda S, Mayanagi S, Irino T, Okui J, Fukuda K,
Nakamura R, Wada N, Takeuchi H, Kitagawa Y. Association of anastomotic leakage with long-
term oncologic outcomes of patients with esophagogastric junction cancer. World J
Gastrointest Surg 2022; 14(1): 46-55

URL: https://www.wjgnet.com/1948-9366/full/v14/i1/46.htm

DOI: https://dx.doi.org/10.4240/wjgs.v14.i1.46

INTRODUCTION

Esophagogastric junction (EGJ) cancer has been increasing not only in the United
States and Western countries but also in Japan[1-5]. However, the optimal surgical
approach for EGJ cancer remains controversial[6]. Despite improvements in surgical
procedures and peri-operative patients management, the complications after surgery
for EGJ cancer remain high because of technical aspects[7]. EG] has complex
anatomical features with several adjacent organs, such as the spleen, diaphragm, and
some thoracic organs[8]. Therefore, obtaining a negative surgical margin is often
difficult because of the restricted space. In some cases, intrathoracic anastomosis is
needed to achieve a clear margin, both macroscopically and microscopically[5]. A
multicenter prospective study showed the occurrence of postoperative complications
of any grade in around 40% of patients; in particular, postoperative anastomotic
leakage developed in 11.9% after a transhiatal approach and in 13.2% after a
transthoracic approach[9].

Postoperative infectious complications have been reported to have an adverse
influence on the long-term outcomes after esophagectomy [10-12]. The negative
influence of these complications may be attributed to cytokines changes which are
associated with residual cancer cell progression[13,14]. However, to date, no study has
shown the influence of postoperative complications on the long-term outcomes of
patients with EGJ cancer.

We hypothesized the association of postoperative complications, including
anastomotic leakage, which is the most common, with the long-term oncologic
outcomes after surgery for EGJ cancer. The aim of this study is to elucidate the
influence of postoperative complications on the long-term outcomes of patients with
EGJ cancer.
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MATERIALS AND METHODS

Patients

This study included 122 patients who had undergone surgery for EGJ cancer at the
Keio University between 2003 and 2017. We defined EGJ cancer according to Nishi's
classification[15]. The location of the EGJ] was defined at the level of macroscopic
change in the caliber of the resected esophagus and stomach. A tumor that had an
epicenter in the area of the EGJ and extended from 2 cm above to 2 cm below the EGJ
was diagnosed as EGJ cancer. We included patients who were diagnosed as cM1 if
there was involvement of the supraclavicular lymph node[16].

Using hospital records, the patients’ clinical characteristics, surgical procedure, and
outcomes were evaluated retrospectively. The OS and recurrence-free survival (RFS)
were calculated from the start date of surgery. The clinical and pathologic stages of the
cancer were based on the seventh edition of the Union Against Cancer for esophageal
cancer[17]. The tumor status was determined by the residual tumor classification: RO,
no residual tumor or R1, microscopic residual tumor[18]. This study had approval
from the ethics committee of Keio University School of Medicine.

Surgical procedures

At our institution, the decision making for the surgical procedures for EGJ cancer
included the performance of subtotal esophagectomy for: (1) advanced cancer deeper
than T2, with the tumor epicenter on the esophageal side; (2) advanced cancer deeper
than T2, with the tumor epicenter on the gastric side and with > 30 mm of esophageal
invasion; or (3) cancer with clinically positive upper and/or middle mediastinal lymph
node. The remaining patients mainly underwent transhiatal approach for lower
esophageal resection; however, transthoracic approach was selected if performing
transhiatal anastomosis or obtaining a negative proximal margin was expected to be
difficult.

The thoracic approach was performed through a right thoracic incision or by video-
assisted thoracic surgery in a hybrid position that combined the left decubitus and
prone positions. Posterior mediastinal routes were mainly used for esophageal
reconstructions with gastric conduits or colons. Moreover, we usually performed
intrathoracic anastomosis in the cervical site by hand sewing but have elected to use a
circular stapler in some cases. Transhiatal procedures are approached from the
abdominal side. In this approach, we performed a total or proximal gastrectomy with
resection of the distal esophagus. We used the jejunum for the double-tract or Roux-
en-Y reconstruction or performed an esophagogastrostomy. Esophagogastrostomy
was done mainly using the double-flap method with hand-sewn anastomosis. Double-
tract or Roux-en-Y were performed using a circular stapler, hand -sewn or linear
stapler.

We routinely performed esophagogastric roentgenography and computed
tomography for 7 d after surgery to assess the presence of any complications,
including anastomotic leakage. The Clavien-Dindo classification was used to assess
postoperative complications[19]: Grade 3 was defined as complications requiring
surgical, endoscopic, or radiologic intervention. Grade 4 was defined as a life-
threatening complication requiring intensive care unit management. Anastomotic
leakage was diagnosed based on computed tomography scan or esophagography
findings and/or the characteristics of the anastomotic drains. Pneumonia was
diagnosed on the basis of the postoperative body temperature, leukocyte count, and
pulmonary radiograph findings[3].

Statistical analysis

We used Stata/SE 12.1 for Mac (StataCorp, College Station, TX, United States) for
statistical analyses. For the univariate analysis, categorical variables were analyzed
using the chi-square test and continuous variables were analyzed using the
Mann-Whitney U-test. We entered significant variables with P values < 0.10 into a
logistic regression model for multivariate analysis. Moreover, we examined prognosis
using the Kaplan-Meier method and log-rank test; we entered significant variables
with P values < 0.10 into a Cox hazard regression model for multivariate analysis.
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RESULTS

Patient characteristics

The clinicopathologic characteristics of the study patients are shown in Table 1. Of the
122 patients (96 men and 26 women), 95 patients (77.9%) had adenocarcinoma and 27
patients (22.1%) had squamous cell carcinoma. Transhiatal approach was performed
on 75 patients (61.5%); transthoracic approach was performed on 47 patients (38.5%).
Subtotal esophagectomy was performed on 41 patients (33.6%), and total gastrectomy
was performed on 37 patients (30.3%).

The most commonly observed complication after surgery was pneumonia in 12
patients (9.8%), followed by anastomotic leakage in eight patients (6.6%) and recurrent
laryngeal nerve paralysis in six patients (5%). However, the most common grade 2 or
higher complication was anastomotic leakage. Hospital death occurred in one patient
(0.8%) (Table 2).

Long-term outcomes

The 3 year OS rate and RFS rate was 71.9% and 67.5%, respectively. During the term of
the surveillance, 35 patients (28.7%) developed recurrence and 34 patients (27.9%)
died. There weren’t significant differences between patients with and without
pneumonia, both in the OS (P = 0.325) and RFS (P = 0.149) (Figure 1). However,
compared with patients without anastomotic leakage, those with anastomotic leakage
had poor median OS (8 mo vs not reached, P = 0.028) and median RFS (5 mo vs not
reached, P = 0.055) (Figure 2).

According to the univariate analyses, age, histology, neoadjuvant therapy, pStage,
R1, and anastomotic leakage were the risk factors for death. On multivariate analyses,
age, pStage III/IV, and anastomotic leakage were identified as the significant risk
factors for death (Table 3). Moreover, anastomotic leakage was a significant risk factor
for RFS (Supplementary Table 1).

Among patients with cervical anastomosis, there weren’t significant differences
between patients with and without anastomotic leakage. However, among patients
who underwent intrathoracic anastomosis, patients with anastomotic leakage,
compared with those without anastomotic leakage, had significantly worse OS (P =
0.002) and RFS (P = 0.005) (Figure 3).

Recurrence pattern

Lymph node metastases were the most common pattern of recurrence (23 patients),
followed by hematogenous (19 patients), peritoneal (seven patients), and local (four
patients). These three patterns of recurrence were significantly observed in patients
with anastomotic leakage (Table 4).

Risk factors for anastomotic leakage

We examined the risk factors for anastomotic leakage using the clinicopathologic
characteristics and the surgical procedural factors. On univariate analyses, amount of
bleeding, operating time, and tumor diameter were the risk factors for anastomotic
leakage. Notably, surgical procedural factors were not identified as predictors of
anastomotic leakage. On multivariate analysis that included these factors, only tumor
diameter was identified as a predictor of anastomotic leakage (HR: 1.04, 95%Cl:
1.01-1.08, P = 0.020) (Supplementary Table 2). On subanalysis, tumor diameter was a
significant risk factor for anastomotic leakage in patients who underwent intrathoracic
anastomosis (P = 0.009) but not in those who underwent cervical anastomosis (P =
0.886).

DISCUSSION

The present retrospective study demonstrated that anastomotic leakage was
significantly associated with the long-term oncologic outcomes, including OS and RFS,
in patients with EG]J cancer. Notably, these tendencies were observed not in patients
who underwent cervical anastomosis but in those who underwent intrathoracic
anastomosis. Although several studies have indicated the relationship between
survival and postoperative complications, this was the first report that demonstrated
the negative influence of postoperative complications on the oncological outcomes of
patients with EGJ cancer.
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Table 1 Clinicopathologic characteristics of the study population

All (n=122)
Sex

Male/female 96 (78.7%) /26 (21.3%)
Age, median (min, max) 68 (35-87)

Histology

Adenocarcinoma/squamous cell carcinoma 95 (77.9%) /27 (22.1%)
Neoadjuvant 32 (26.2%)

Adjuvant 27 (22.1%)

Approach

Transthoracic/ transhiatal
Reconstruction site
Cervical/Intrathoracic
Subtotal esophagectomy
Total gastrectomy
Splenectomy

Operating time (min); median (range)

Amount of bleeding (mL); median (range)

Tumor epicenter

Esophageal side/ gastric side

47 (38.5%)/75 (61.5%)

22 (18.0%)/100 (82.0%)
41 (33.6%)

37/(30.3%)

16 (13.1%)

299 (114-775)

180 (10-4858)

52 (42.6%)/70 (57.4%)

Distance from the EGJ to the tumor center (mm) 1.5 (-20'-20)

Esophageal invasion (mm)

Tumor diameter (mm)

Pathologic stage of esophageal cancer
Stage I/stage II/stage III/stage IV
Residual cancer

RO/R1

11.5 (0-55)

32 (6-100)

44 (36.1%)/24 (19.7%)/38 (31.2%) /16 (13.1%)

111 (91.0%) /11 (9.0%)

This indicates that tumor epicenter is located on gastric side. EGJ: Esophagogastric junction.

Jaishideng®

Some studies have reported that postoperative anastomotic leakage had a negative
influence on the long-term outcomes of upper gastrointestinal surgery. Markar et al[20]
reported that anastomotic leakage after esophagectomy was associated with poor OS
and disease-specific survival rates and with an increase in cancer recurrence rates.
Likewise, Andreou et al[21] showed that anastomotic leakage had a negative influence
on the long-term survival after gastric and esophageal resection. In our study, the
recurrence rate was also significant higher in patients with anastomotic leakage than in
those without anastomotic leakage. As previously indicated, cytokine changes due to
postoperative complications may be relevant to tumor proliferation, survival, and
progression to metastasis[13]. Therefore, inflammatory response secondary to
anastomotic leakage was suggested to promote tumor regrowth and lead to poor long-
term outcomes. In particular, patients with leakage of the intrathoracic anastomosis
after surgery may have suffered more severe systemic inflammation, compared with
the patients who had leakage of the cervical anastomosis, because inflammation can
spread inside the thoracic cavity and easily develop to mediastinitis. Therefore, these
trends were more prevalent in patients with intrathoracic anastomosis than in those
with cervical anastomosis. On the other hand, in cases of cervical anastomosis leakage,
inflammation can often be localized.

Our previous study indicated that postoperative pneumonia, not anastomotic
leakage, was associated with the long-term outcomes after esophagectomy[10];
however, patients with EG] cancer had the opposite tendency. This is due to the
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Table 2 Postoperative complications

All grades Grade 3/4
Overall complications 40 (32.8%) 17 (13.9%)
Pneumonia 12 (9.8%) 1(0.8%)
Anastomotic leakage 8 (6.6%) 7 (5.7%)
Recurrent laryngeal nerve paralysis 6 (5%) 0
Wound infection 4(3.3%) 0
Chyle leakage 3(2.5%) 2 (1.7%)
Hemorrhage 2 (1.7%) 2 (1.7%)
Pancreatic fistula 3(2.5%) 0
Atrial fibrillation 2 (1.7%) 0
Abdominal abscess 3(2.5%) 1(0.8%)
Gastric tube-bronchial fistula 1(0.8%) 1(0.8%)
Others 9 (7.4%) 3(2.5%)

Table 3 Predictors for overall survival on univariate and multivariate analyses

Univariate analysis

Multivariate analysis

HR (95%Cl) Pvalue HR (95%Cl) Pvalue

Male (vs female) 0.71 (0.34-1.49) 0.365

Age (per 1 year increase) 1.06 (1.02-1.09) 0.004 1.05 (1.01-1.08) 0.014
SCC (vs AC) 2.06 (1.02-4.16) 0.045 1.20 (0.50-2.87) 0.674
Neoadjuvant + (vs neoadjuvant-) 2.22 (1.11-4.44) 0.025 1.61 (0.72-3.58) 0.244
Adjuvant + (vs adjuvant-) 1.76 (0.86-3.62) 0.122

Transthoracic approach (vs transhiatal approach) 1.64 (0.83-3.22) 0.148

pStage III/1V (vs pStage 1/1I) 9.55 (3.68-24.76) <0.001 7.14 (2.67-19.13) <0.001
R1 (vs RO) 2.62 (1.08-6.35) 0.033 1.79 (0.69-4.68) 0.232
Anastomotic leakage 3.07 (1.07-8.80) 0.037 3.59 (1.11-11.58) 0.032
Postoperative pneumonia 1.68 (0.59-4.78) 0.332

P: Pathologic; SCC: Squamous cell carcinoma; AC: Adenocarcinoma; R0: No residual tumor; R1: Microscopic residual tumor; HR: Hazard ratio.

Table 4 Patterns of recurrence

Anastomotic leakage

All (n=122) P value
Yes (n=8) No (n=114)
Hematogenous 19 (15.6%) 4 (50%) 15 (13.2%) 0.005
Lymphatic 23 (18.9%) 3 (37.5%) 20 (17.5%) 0.163
Peritoneal 7 (5.7%) 2 (25%) 0.015
Local 4(33%) 2 (25%) <0.001
difference in the surgical approach between esophageal cancer and EG]J cancer. As we
described above, patients with leakage of intrathoracic anastomosis may have suffered
relatively worse systemic inflammation; this may explain the association of
anastomotic leakage with the long-term outcomes after surgery for EGJ cancer in those
with intrathoracic anastomosis but not in those with cervical anastomosis. Conversely,
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Figure 1 Kaplan-Meier survival curves, according to the presence of pneumonia. A: Overall survival; B: Recurrence-free survival. Red and blue lines
indicate the groups with and without pneumonia, respectively.
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Figure 2 Kaplan—-Meier survival curves, according to the presence of anastomotic leakage. A: Overall survival; B: Recurrence-free survival. Red
and blue lines indicate the groups with and without anastomotic leakage, respectively.

Jaishideng®

WIJGS | https://www.wjgnet.com 52

pneumonia was not associated with the long-term outcomes after surgery for EGJ
cancer, probably because of the manipulation and effects on the lungs during surgery.
On the other hand, the procedure of esophagectomy for esophageal cancer is mainly
performed in the thoracic cavity, therefore, pneumonia after esophagectomy should be
considered as a possible poor prognostic factor with a large impact on pulmonary
function.

In this study, tumor diameter was a significant risk factor for anastomotic leakage,
especially in patients who underwent intrathoracic anastomosis. This result suggested
that performing anastomosis for a large tumor invading the esophageal side may
cause anastomotic leakage because of technical difficulties. Therefore, cervical
anastomosis with subtotal esophagectomy should be chosen for patients who have a
high risk for anastomotic leakage, including those with large tumor diameter.
Conversely, pStage is not a significant risk factor. Moreover, anastomotic leakage was
a significant predictor for oncological outcomes, independent of tumor, node and
metastasis stage, according to the multivariate analyses. Therefore, we concluded that
anastomotic leakage also is associated with survival, in addition to pStage.

We have used Nishi’s classification in this study; however, the Siewert classification
has been adopted mainly in Western countries as the histological type is predom-
inantly adenocarcinoma. Although an EGJ tumor defined by Nishi's classification and
Siewert type 2 is almost similar, the tumor epicenter with Nishi’s classification is 1 cm
higher than is that of Siewert type 2. Therefore, performing intrathoracic anastomosis
may be difficult in EGJ cancer defined with Nishi’s classification vs Siewert type 2
cancer, and the relationship between survival and anastomotic leakage may be weak if
only patients with Siewert type 2 cancers were enrolled in the study.

This study had several limitations. First, the retrospective single-center study design
that was limited to a Japanese population was an element of selection bias. Second, we
did not consider the association between the complication’s grades and long-term
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outcome in this study. In particular, we did not examine the difference in anastomotic
leakage severity between cervical anastomosis and intrathoracic anastomosis.

CONCLUSION

Anastomotic leakage was significantly associated with the long-term oncologic
outcomes of patients with EG]J cancer in patients who underwent intrathoracic
anastomosis but not in those who underwent cervical anastomosis. Cervical
anastomosis with subtotal esophagectomy may be an option for patients who have a
high risk of anastomotic leakage.

ARTICLE HIGHLIGHTS

Research background

Despite improvements in surgical procedures and peri-operative patients
management, complications after surgery for esophagogastric junction (EGJ) cancer
remain high because of technical difficulty.

Research motivation
No study has shown the influence of postoperative complications on the long-term
outcomes of patients with EG]J cancer.

Research objectives

To elucidate the influence of postoperative complications, such as anastomotic leakage
and pneumonia, on the long-term outcomes of patients with EGJ cancer.
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Research methods

We retrospectively analyzed 122 patients who underwent surgery for EGJ cancer,
investigating the association between postoperative complications and oncological
outcomes.

Research results

We identified anastomotic leakage as a significant risk factor for death and cancer
recurrence. We did not observe this tendency in patients who underwent cervical
anastomosis but did see this tendency in patients who underwent intrathoracic
anastomosis.

Research conclusions

Postoperative anastomotic leakage was significantly associated with survival in
patients with EGJ cancer. Cervical anastomosis with esophagectomy may be an option
for patients with a high risk of anastomotic leakage.

Research perspectives
A prospective study is required to confirm the association between complications and
long-term outcomes of patients with EGJ cancer.
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