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Abstract

Purpose The number of bariatric procedures has increased exponentially over the last 20 years. On the background of ever-
increasing incidence of esophageal malignancies, the altered anatomy after bariatric surgery poses challenges in treatment of
these cancers. In this study, an epidemiological estimate is presented for the future magnitude of this problem and treatment
options are described in a retrospective multicenter cohort.

Methods The number of bariatric procedures, esophageal cancer incidence, and mortality rates of the general population
were used for epidemiological estimates. A retrospective multicenter cohort was composed; patients were treated in three
large oncological centers with a high upper gastrointestinal cancer caseload. Consecutive patients with preceding bariatric
surgery who developed esophageal cancer between 2014 and 2019 were included.

Results Approximately 3200 out of 6.4 million post bariatric surgery patients are estimated to have developed esophageal
cancer between 1998 and 2018 worldwide. In a multicenter cohort, 15 patients with esophageal cancer or Barrett’s esophagus
and preceding bariatric surgery were identified. The majority of patients had a history of Roux-en-Y gastric bypass (46.7%)
and had an adenocarcinoma of the distal esophagus (60%). Seven patients received curative surgical treatment, five of whom
are still alive at last follow-up (median follow-up 2 years, no loss to follow-up).

Conclusion Based on worldwide data, esophageal cancer development following bariatric surgery has increased over the
past decades. Treatment of patients with esophageal cancer after bariatric surgery is challenging and requires a highly indi-
vidualized approach in which optimal treatment and anatomical limitations are carefully balanced.
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Introduction

Key Points

o Out of 6.4 million post bariatric patients, 3200 are estimated to Th : .
e worldwide prevalence of obesity has doubled between
have developed esophageal cancer between 1998 and 2018. P y

o This multicenter cohort describes fifteen post bariatric patients 1980 and 2015, resulting in numerous non-surgical (e.g., diet
with esophageal cancer in detail. therapy, pharmaceutical therapy, lifestyle modification) and
o Surgical treatment options for esophageal cancer are limited surgical approaches to manage obesity and the comorbidi-
gﬁer previous gastric sleeve operation and biliopancreatic ties it entails [1]. Bariatric surgery is considered the most

iversion. K R . . .
o After gastric banding and Roux-en-Y gastric bypass, no change effective treatment option in people suffering from morbid
in surgical strategy was observed.
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obesity [2]. Since the first laparoscopic gastric bypass was
performed by Alan Wittgrove in 1993, the number of bariat-
ric procedures performed per year has grown exponentially
from 40,000 procedures performed in 1998 to an estimated
685,874 bariatric procedures performed in 2016 [3-5].

With an increasing incidence of morbid obesity, which
is a known risk factor for esophageal adenocarcinoma
(EAC), the incidence of EAC has increased dramatically
in the Western countries over the past three decades [6].
The EAC incidence is expected to keep rising across high-
income countries with the prediction that one in 100 men in
the Netherlands and UK will be diagnosed with EAC before
the age of 75 years by 2030 [7, 8]. Subsequently, bariatric
surgery results in a decrease in incidence of obesity-related
malignancies [9-11]. Recent evidence does not report an
increased incidence of esophageal cancer after gastric sleeve
or duodenal switch compared to non-surgical controls with
obesity [12].

The altered anatomy due to preceding bariatric surgery
poses significant treatment challenges. As regular surgical
treatment of locally advanced esophageal tumors consists
of esophagectomy with restoration of continuity by creation
of a gastric conduit, this approach may be adjusted after a
Roux-en-Y gastric bypass let alone impossible after creation
of a gastric sleeve. Up to 2019, 39 esophageal malignancies
after bariatric surgery from small single-center case series
have been reported worldwide [13, 14]. The largest cohort
of patients involves 8 patients, illustrating the low incidence
in the individual practice [15, 16]. Hence, the lack of large
multicenter studies or centralized registries likely underes-
timates the global incidence. As a substantial delay between
bariatric surgery and the development of esophageal cancer
is expected, the biggest peak incidence is probably yet to
come.

The aim of this study was to estimate the global incidence
of esophageal cancer following bariatric surgery and to cre-
ate a multicenter study cohort to evaluate possible curative
treatment options in this challenging surgical population.

Methods

Global Esophageal Cancer Estimates After Bariatric
Surgery

Estimations of the annual numbers of bariatric procedures
performed worldwide were available for 1998, 2003, 2008,
2011,2013, 2014, and 2016 [4, 5, 17-21]. The missing years
were interpolated and extrapolated, assuming a linear rise
in the number of procedures compared to the previous and
subsequent years. Because the esophageal cancer risk dif-
fers greatly for sex and age, different age categories were
defined, separately for men and women using the reported

age distribution by the International Federation for the Sur-
gery of Obesity and Metabolic Disorders (IFSO) [22]: <21,
21-30, 3140, 41-50, 51-60, 61-70,> 70.

Obesity is known to increase esophageal cancer incidence
[23]; however, bariatric surgery reduces the risk of obesity-
related malignancies [24]. The incidence of esophageal can-
cer after bariatric surgery had not been confirmed to date.
Current literature is limited to a single study, reporting no
difference in incidence after bariatric surgery compared
to non-surgical obese patients [12]. Therefore, the general
esophageal cancer incidence, stratified by age groups and
gender was used for the estimation. GLOBOCAN estimated
crude rates of new esophageal cancer cases in 2018 were
used [25]. General mortality rates in United Nations more
developed regions were extracted from the World Popula-
tion Prospects and separately calculated for the different age
categories, men and women [26].

For each separate year (1998 until 2018), the “population
at risk” was estimated, which was defined as subjects follow-
ing bariatric surgery subtracted by the estimated esophageal
cancer cases and estimated diseased subjects. The popula-
tion at risk was divided according to gender and previously
mentioned age categories, which were multiplied by the
corresponding esophageal cancer crude rate and mortality
rates. This was repeated until the estimated esophageal can-
cer cases of the period 1998 until 2018 were calculated for
each particular year.

Multicenter Study Cohort

The study describes a retrospective multicenter study cohort
in which patients treated in the Amsterdam UMC (locations
VUmc and AMC) and the Catharina Hospital Eindhoven in
the Netherlands were included, having a combined annual
volume of approximately 200 esophagectomies. Patients
with any stage esophageal cancer, diagnosed between 2014
and 2019, preceded by bariatric surgery (i.e., gastric sleeve,
Roux-en-Y gastric bypass, one anastomosis gastric bypass,
(adjustable) gastric banding, vertical banded gastroplasty, or
biliopancreatic diversion with or without duodenal switch)
were included. All patients had symptoms of esophageal
cancer and underwent a preoperative staging gastroscopy
and PET-CT imagining. Patient, cancer, and surgical char-
acteristics were extracted from electronic records.

Statistical Analysis and Ethical Considerations

Continuous variables were expressed as median with Inter-
quartile rang (IQR) and frequency percentages were calcu-
lated for dichotomous variables. IBM SPSS statistics (ver-
sion 26 IBM Corp. Armonk, NY) was used for standard
statistical analysis. This study was conducted in accordance
with the Declaration of Helsinki [27] and reported according

@ Springer



4956

Obesity Surgery (2021) 31:4954-4962

to the STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) statement [28]. The medical
ethics committee of the Amsterdam UMC and Catharina
Hospital approved this study. All living subjects have been
provided the opportunity to opt-out and received a written
no objection letter.

Results

Global Esophageal Cancer Estimates After Bariatric
Surgery

The global number of bariatric procedures has been extracted
from the available estimates [4, 5, 17-21]. The remaining
years were calculated, leading to an estimated 6.4 million
procedures performed worldwide between 1998 and 2018.
Global patients characteristics were derived from recent
IFSO reports [22], which showed that 74% of patients were
female and 26% were males. The median age was 42 (IQR
33-50) for females and 44 (IQR 34-52) for male patients.
These characteristics were applied to the total population
at risk and multiplied by corresponding esophageal cancer
crude rates. Table 1 shows the estimated annual bariatric
procedures, population at risk, annual esophageal cancer
cases, and total esophageal cancer cases for each separate

year between 1998 and 2018. The total estimated esophageal
cancer cases are visualized in Fig. 1.

Patient Selection and Characteristics

All patients who were discussed in a multidisciplinary meet-
ing for treatment of esophageal cancer between 2014 and
2019 in the Amsterdam UMC (location AMC and VUmc)
and Catharina Hospital Eindhoven (n=3.833) were ana-
lyzed for a history with bariatric surgery. Fifteen patients
with esophageal cancer and preceding bariatric surgery
were identified, of which eight (53.3%) were male. Preced-
ing bariatric surgery consisted of Roux-en-Y gastric bypass
(seven patients, 46.7%), gastric banding (four patients,
26.7%), gastric sleeve (two patients, 13.3%), vertical banded
gastroplasty (one patient, 6.7%), and biliopancreatic diver-
sion (one patient, 6.7%). Median age at bariatric surgery
was 51.5 years (IQR 36.0-57.3). Median BMI preceding
bariatric surgery was 47.6 (IQR: 40.6-56.8).

The majority of patients had an EAC of the distal esopha-
gus (nine patients, 60%), other types and locations consisted
of mid EAC (one patient, 6.7%), adenocarcinoma of the gas-
tro-esophageal junction (one patient, 6.7%), squamous cell
carcinoma of the gastro-esophageal junction (one patient,
6.7%), squamous cell carcinoma of the proximal esophagus
(one patient, 6.7%), and Barrett’s esophagus (two patients,
13.3%). Median age at esophageal cancer diagnosis was

Table 1 For each separate year
between 1998 and 2018 the
annual bariatric procedures,
population at risk, annual

atric procedures

Year Estimated annual bari-

Estimated total
esophageal cancer
cases

Estimated popula-
tion at risk

Estimated annual esopha-
geal cancer cases

esophageal cancer cases and 1998 40,000
2000 82,520
2001 103,781
2002 125,041
2003 146,301
2004 185,885
2005 225,469
2006 265,053
2007 304,637
2008 344,221
2009 343,070
2010 341,919
2011 340,768
2012 404,689
2013 468,609
2014 579,517
2015 632,696
2016 685,874
2017 721,756

40,000 22

101,147 5.5

183,381 9.9 18
286,641 15.5 33
410,868 22.3 55
556,002 31.3 87
740,261 43.1 130
963,510 57.5 187
1,225,615 74.8 262
1,526,439 94.7 357
1,865,847 118.7 476
2,202,904 144.6 620
2,537,536 172.2 792
2,869,667 201.5 994
3,264,295 236.2 1.230
3,721,161 2775 1.508
4,286,902 326.9 1.834
4,903,384 381.3 2.216
5,570,367 440.6 2.656
6,270,320 505.7 3.162

The available annual numbers of bariatric procedures performed worldwide are highlighted in bold
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Fig. 1 Estimated esophageal
cancer cases after bariatric sur-

gery between 1998 and 2018
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58.0 years (IQR 50.0-64.0). Six patients were diagnosed
with metastatic disease. Nine patients started treatment with
a curative intention, two of whom developed metastatic dis-
ease after neoadjuvant chemoradiotherapy. Seven remain-
ing patients received curative treatment, five of whom are
still alive at last follow-up (median follow-up 2 years, IQR
1-3 years). All patient characteristics are summarized in
Table 2 and no patients were lost to follow-up. A flow-chart
of the identification of patients is depicted in Fig. 2.

Technical Considerations

Seven patients underwent surgery with curative intent, sur-
gical specifics, and outcomes are summarized in Table 3.
Roux-en-Y gastric bypass (two patients): Two patients
presented with a T3N1MO distal esophageal tumor with
preceding Roux-en-Y gastric bypass for which neoadjuvant
chemoradiotherapy, followed by a resection was advised.
After intraoperative evaluation of adequate blood supply
of the gastric remnant a gastric conduit was formed, with
adequate length for cervical and intrathoracic anastomosis in
both patients. There were multiple postoperative complica-
tions in both patients, among which was proximal necrosis
of the gastric conduit in one patient. This patient is alive at
follow-up 4 years after diagnosis, whereas the other patient
showed metastatic disease 1 year after diagnosis.
Adjustable gastric banding (two patients): One patient
had a medical history of placement and removal of an
adjustable gastric banding and developed a T3ANOMO EAC
a few years later. Curative neoadjuvant radiotherapy and
esophagectomy with gastric conduit formation was feasi-
ble. Intraoperatively, the blood supply and length of the gas-
tric conduit were not compromised. Postoperative course
was uncomplicated. The other patient was diagnosed with
a TINOMO EAC and was treated with endoscopic mucosal

Estimated esophageal cancer cases

2005 2010 2015 2020

resection (EMR) and radiofrequency ablation (RFA) without
postoperative complications. Both patients had no sign of
recurrence at the last follow-up.

Gastric sleeve (one patient): This patient was diagnosed
with a Barrett’s esophagus with Prague classification COM1
and received treatment with EMR and RFA without postop-
erative complications and without recurrent disease at the
last follow-up 2 years later.

Vertical banded gastroplasty (one patient): This patient
with a TINIMO EAC after vertical banded gastroplasty was
treated with neoadjuvant chemoradiotherapy and two-stage
esophagectomy with gastric conduit formation using open
approach for the abdominal phase and minimally invasive
thoracoscopic approach. Both blood supply and length of
the conduit were not compromised. Multiple postopera-
tive complications (atrial fibrillation, chylus leakage, and
pneumonia) followed and this patient developed metastatic
disease 1 year later.

Biliopancreatic diversion (one patient): One patient with
preceding vertical banded gastroplasty and previous con-
version to biliopancreatic diversion developed a T3NOMO
EAC. Curative intent with neoadjuvant chemoradiotherapy
followed by an esophagectomy was executed. Intraopera-
tively, the gastric remnant was not suitable for formation
of a gastric conduit; therefore, a colonic interposition was
performed. Postoperative recovery was complicated by anas-
tomotic leakage requiring surgery. This patient was disease
free at the last follow-up 2 years later.

Discussion
This study estimated an increased number of annual esopha-

geal cancer cases in patients with a history of bariatric sur-
gery over the past decades. Subsequently, 15 patients were
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Fig.2 Flow-chart of the identi-
fication of patients

Patients with esophageal
cancer in AMC
(n=1.821)

cancer in VUmc
(n=1.337)

Patients with esophageal

Patients with esophageal
cancer in Catharina
(n=675)

15 patients with
preceding bariatric
surgery

6 patients had metastatic
disease at diagnosis

curative intention

9 patients treated with

2 patients had metastatic
disease after neoadjuvant
therapy

7 patients

surgery

underwent curative

Table 3 Surgical specifics, short- and long-term outcome of patient who underwent surgery with curative intent. CRT indicates chemoradio-

therapy

Patient Bariatric surgery Treatment Outcomes Radicality Follow-up

005 Roux-en-Y gastric bypass Neoadjuvant CRT and mini-  Complications after both R1 Metastasis 1 year after
mally invasive Ivor-Lewis chemoradiotherapy and diagnosis
esophagectomy surgery

007 Roux-en-Y gastric bypass Neoadjuvant CRT and mini-  Proximal necrosis gastric RO Disease-free 4 years after
mally invasive McKeown conduit requiring takedown diagnosis
esophagectomy of anastomosis, empyema,

Clagett thoracotomy, ICU
acquired weakness

008 Adjustable gastric banding ~ Endoscopic mucosal resection No complications RO Disease-free 2 years FU
and radiofrequency ablation

010 Adjustable gastric banding ~ Neoadjuvant CRT and mini- No complications RO Disease-free 3 years after
mally invasive Ivor-Lewis diagnosis
esophagectomy

013 Gastric sleeve Endoscopic mucosal resection No complications RO Disease-free 2 years after
and radiofrequency ablation diagnosis

014 Vertical banded gastroplasty Neoadjuvant CRT and hybrid Chyle leakage, atrial fibrilla- RO Metastasis 1 year after
Ivor-Lewis esophagectomy tion, pneumonia diagnosis

015 Biliopancreatic diversion Neoadjuvant CRT and open ~ Anastomotic leakage requir- RO Disease-free 2 years after

esophagectomy with colon
interposition

ing surgery, respiratory
insufficiency after pneu-
monia

diagnosis
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identified of which seven were treated with curative intent.
The altered gastrointestinal anatomy of these patients chal-
lenged the treating physicians to determine alternative treat-
ment strategies. This study reported clinical preoperative
considerations and cancer stage as main determining factors,
and showed that patients were treated both with surgical
and non-surgical intervention using a highly individualized
approach.

Obesity is a well-known risk factor for esophageal cancer
[6], while bariatric surgery, on the other hand, is associ-
ated with a reduced incidence in overall cancer incidence
and obesity-related cancer incidence [9-11, 29-31]. Next to
this, weight loss is also known for reducing chronic reflux
and might therefore also have a long-term preventive effect
on the occurrence of esophageal cancer. The incidence of
esophageal cancer after bariatric surgery has not been deter-
mined in large longitudinal cohort studies and current evi-
dence is limited, reporting no difference in incidence after
bariatric surgery compared to non-surgical obese patients
[12]. In present study cohort, no conclusions regarding this
incidence could be drawn due to the lack of a denominator,
as two out of three participating centers have a high upper
gastrointestinal cancer caseload but do not perform bariat-
ric surgery. Next to this, it is conceivable that patients that
were operated in the third center that performs both types
of surgery have presented with an esophageal malignancy
in a hospital beyond our scope. Furthermore, the lack of
an adequate sample size would have hampered an accurate
calculation. As for the annual number of esophageal can-
cer cases in patients with a history of bariatric surgery, the
global estimates show a fivefold increase between 2007 and
2017 (approximately 100 to 500 cases). This indicates that
not the incidence of esophageal cancer after bariatric surgery
per se, but the fast increasing number of bariatric procedures
performed will determine the annual number of esophageal
cancer cases in patients with a history of bariatric surgery
in the future.

Curative intent surgical approach with gastric conduit
replacement of the esophagus remained possible in patients
with preceding Roux-en-Y gastric bypass, adjustable gastric
banding, and vertical banded gastroplasty. This was possible
after assertion of good blood supply and adequate length
of the gastric conduit. Since the gastric remnant is usually
preserved at the greater curvature during these procedures
and both the right gastric artery and the right gastroepip-
loic artery are routinely untouched [32]. Colonic interposi-
tion or high esophagojejunostomy offer an alternative for
restoring continuity and the patient should be counseled
and prepared for this possibility [33]. The presented cohort
shows a great variety in type of bariatric surgery, disease
type (EAC, SCC, and Barret’s esophagus), cancer location,
cancer stage, and time interval between bariatric surgery and
cancer diagnosis. This heterogeneity created a cohort which

@ Springer

is a good reflection of current practice, however resulted
in the inability to perform statistical tests and address the
impact of different treatment options.

Given their less invasive nature, especially compared
to esophagectomy with colonic interposition for restora-
tion of continuity, organ-sparing therapies such as defini-
tive chemoradiotherapy and EMR should be considered as
alternative treatment [34, 35]. Especially in patients with
poor condition, when damage to the stomach or blood supply
is expected or confirmed or in patients with high squamous
esophageal tumors that require a long conduit, this may be
the preferred treatment strategy.

Approximately half of the available evidence has been
published within the past 2 years, illustrating a recent
growth in interest [12, 36—40]. The literature mainly involves
small case series, none of which included more than eight
patients, which describe similar treatment options [15, 16,
33, 41-43]. The majority of curative treatment options com-
prise esophagectomy followed by gastric conduit forma-
tion after Roux-en-Y gastric bypass or, for junction tumors
total gastrectomy with distal esophagectomy followed by
esophagojejunostomy, a treatment option that was not per-
formed in any of the patients in current cohort [37]. Defini-
tive chemoradiotherapy is a non-surgical option that has
been used after gastric sleeve surgery, which is a recognized
alternative however not used in this cohort [35, 44].

The complexities and individual approach require a
highly specialized approach, in which gastroenterologists
and surgeons should not only be experts in oncologic upper
gastrointestinal treatment but also require excellent knowl-
edge and skill to understand and overcome the anatomic
challenges. Therefore, centralization of care into an onco-
bariatric center might lead to improved oncological and sur-
gical outcomes.

This study was subjected to limitations. First, the number
of bariatric procedures was estimated based international
surveys, having a higher reported response rate in 2016 com-
pared to earlier years. This might have led to an underestima-
tion of bariatric procedures. Second, data was not available
for each separate year and missing years were interpolated
and extrapolated. Third, esophageal cancer incidence was
estimated using incidences of the general population, a
potential effect of obesity, bariatric surgery, or weight loss
on esophageal cancer development has not been considered.
Fourth, since the number of healthy post bariatric patients in
the Netherlands is not known, and the included number of
patients in this study consist of a sample of three oncological
centers, the true incidence of esophageal cancer after bariat-
ric surgery could not be calculated. This inability also holds
for the incidence of esophageal cancer after bariatric surgery
compared to obese patients that were not operated on. Fifth,
not all preoperative considerations and intraoperative tech-
nical specifics could be extracted due to the retrospective
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design of the study. Finally, although this was a multicenter
study involving large oncological centers with a high upper
gastrointestinal cancer caseload, a limited number of patients
were identified. Hence, a large international retrospective
study, Oesophago-Gastric Malignancies after Obesity Sur-
gery (OGMOS), is currently in progress to further elucidate
the magnitude of this problem. However, a large prospective
international auditing initiative, ideally linked to IFSO data,
is needed to estimate the true clinical incidence of esopha-
geal cancer after bariatric surgery.

In conclusion, post bariatric esophageal cancer has
increased over the past decades and is projected to continue
to increase in the future. This study reported clinical preop-
erative considerations concerning the altered gastrointestinal
anatomy that requires a careful and individual, both surgical
and non-surgical approach as reconstruction options may
be limited.
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