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ABSTRACT

Background. The purpose of this study was to review the risks
and benefits of concurrent chemoradiation therapy (CCRT) with
esophageal self-expandable metal stents (SEMS) for the treat-
ment of locally advanced esophageal cancer.
Materials and Methods. Between January 2014 and Decem-
ber 2016, the data from 46 locally advanced esophageal
cancer patients who received CCRT at our institution were
retrospectively reviewed. Eight patients who received CCRT
concomitant with SEMS placement (SEMS plus CCRT group)
and thirty-eight patients who received CCRT without SEMS
placement (CCRT group) were identified. The risk of
developing esophageal fistula and the overall survival of the
two groups were analyzed.
Results.The rate of esophageal fistula formation during or after
CCRT was 87.5% in the SEMS plus CCRT group and 2.6% in the

CCRT group. The median doses of radiotherapy in the SEMS
plus CCRT group and the CCRT group were 47.5 Gy and 50 Gy,
respectively. SEMS combined with CCRT was associated with a
greater risk of esophageal fistula formation than CCRT alone
(hazard ratio [HR], 72.30; 95% confidence interval [CI], 8.62–
606.12; p < .001). The median overall survival times in the
SEMS plus CCRT and CCRT groups were 6 months and 16
months, respectively. Overall survival was significantly worse in
the SEMS plus CCRT group than in the CCRT group (HR, 5.72;
95% CI, 2.15–15.21; p < .001).
Conclusion. CCRT concomitant with SEMS for locally advanced
esophageal cancer results in earlier life-threatening morbidity
and a higher mortality rate than treatment with CCRT alone.
Further prospective and randomized studies are warranted to
confirm these observations.The Oncologist 2018;23:1–9

Implications for Practice: Patients treated with SEMS placement followed by CCRT had higher risk of esophageal fistula formation
and inferior overall survival rate compared with patients treated with CCRTalone. SEMS placement should be performed cautiously
in patients who are scheduled to receive CCRTwith curative intent.

INTRODUCTION

Most esophageal cancer patients suffer from dysphagia. There
are several ways to relieve malignant dysphagia in patients
with esophageal cancer, such as endoluminal stent placement,
surgery, radiotherapy (RT), chemotherapy, and concurrent
chemoradiation therapy (CCRT) [1, 2]. Placement of self-
expandable metal stents (SEMS) allows esophageal luminal pat-
ency to be easily re-established and relieves dysphagia in locally

advanced esophageal cancer patients [3, 4]. Additionally, the
procedural success rate for SEMS insertion was found to be
95%, and the major adverse events included stent migration
(1%–33%), severe chest pain (2%–23%), esophageal perforation
(3%–9%) and tumor overgrowth (2.5%–36%) [5, 6].

CCRT is considered a neoadjuvant treatment for patients
with resectable esophageal tumors [7] and a definitive setting
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for patients with unresectable locally advanced disease [8].
However, the safety of the combination of SEMS and CCRT or
radiotherapy remains controversial. A case report noted the
potential risk of lethal aortic pseudoaneurysm and further aor-
toesophageal fistula following SEMS plus CCRT for esophageal
cancer [9]. The reported stent-related mortality ranged from
0% to 54% in patients treated with CCRT prior to SEMS place-
ment compared with 0%–6% in patients without prior CCRT [6,
10]. Song et al. reported patients who underwent SEMS
placement alone or who received radiotherapy before SEMS
placement experienced fewer adverse events, such as stent
migration and fistula formation, than patients who received
radiotherapy after SEMS placement (odds ratios of 0.043 and
0.088, respectively) [11]. Francis et al. found that patients who
had received stents during CCRT experienced more acute
esophageal toxicity [12].

Nevertheless, a meta-analysis reported that prior CCRT had
no impact on adverse events in stenting [13]. In a randomized
trial of 84 inoperable esophageal cancer patients who received
SEMS with or without palliative radiotherapy (30 Gy in 10 frac-
tions), no cases of esophageal fistula formation or perforation
were observed [14]. From the results of the aforementioned
studies regarding patients treated with CCRT followed by SEMS
or SEMS plus CCRT, it is difficult to discern whether such life-
threatening adverse events are due to the stents, CCRT effects,
the advanced nature of the disease process, or a combination
of these factors.

In the current study, we investigated the effects of SEMS
placement on the risk of esophageal fistula formation and clini-
cal outcomes in patients undergoing CCRT.

MATERIALS AND METHODS

Patient Selection
We retrospectively reviewed esophageal cancer patients who
received CCRT at the Far Eastern Memorial Hospital between
January 2007 and December 2016. Data were collected after
receiving approval from the Institutional Review Board of the
Far Eastern Memorial Hospital (FEMH-IRB-106020-E). All
patients were initially evaluated by a multimodality treatment
team consisting of a chest surgeon, a gastroenterologist, a med-
ical oncologist, and a radiation oncologist. Staging investigations
included a complete medical history and physical examination,
fiberoptic endoscopic evaluation, complete blood cell counts,
liver and renal function tests, and computed tomography (CT)
of the chest and abdomen with or without positron emission
tomography (PET)-CT. Presence of esophageal fistula was con-
firmed if CT angiography, contrast-enhanced CT, or bronchos-
copy demonstrated a direct link between the esophagus and
the aorta or trachea. Esophageal perforation was diagnosed if
contrast-enhanced CT revealed air in the soft tissue of the medi-
astinum surrounding the esophagus or abscess cavities adjacent
to the esophagus in either the pleural space or the mediasti-
num [15]. All tumors were staged according to the tumor-node-
metastasis staging system (American Joint Committee on
Cancer Cancer Staging Manual, 7th edition). From January 2007
to December 2016, 214 esophageal cancer patients underwent
radiotherapy at our institution. Patients who received radiother-
apy alone (n 5 14), underwent tracheal stent placement before
CCRT (n 5 4), exhibited an esophageal fistula or perforation

before CCRT (n 5 3), underwent an esophagectomy before
CCRT (n 5 18), or had a distant metastatic disease (n 5 21)
were excluded. A total of 154 patients with locally advanced
esophageal cancer who received CCRT with curative intent
were identified. Our hospital has administered the combined
modality therapy (SEMS plus CCRT) to patients with esophageal
cancer since 2014; therefore, 108 patients who received CCRT
between 2007 and 2013 were excluded, and the remaining 46
patients were enrolled. Of the 46 patients, 8 patients who had
SEMS concomitant with CCRT were categorized as the SEMS
plus CCRT group, and the other 38 patients who received CCRT
were identified as the CCRTgroup (Fig. 1).

Placement of Metallic Stent
Every year, approximately 500 esophagogastroduodenoscopies,
300 colonoscopies, and 50 endoscopic retrograde cholangio-
pancreatographies are performed by two qualified gastrointes-
tinal endoscopists at our hospital. Before the combined SEMS
and CCRT therapy was begun (2012–2014), 55 SEMS to release
esophageal, biliary, or colorectal obstruction had been success-
fully placed by the same gastrointestinal endoscopists. Prior to
stent insertion, all patients underwent an endoscopy and a
complete staging CT scan of the thorax and abdomen. A Wall-
flex or Ultraflex partially covered SEMS (Boston Scientific,
Natick, MA) was used for the patients who underwent SEMS
placement. The diameter of the SEMS used in this study was
18/23 mm (diameter of the stent body/flared bilateral ends,
respectively) or 23/28 mm, and the stent length ranged from
10 to 15 cm. The stent length was chosen to allow 2–4 cm of
stent to lie above and below the end of the stricture site.
Flexible esophagoscopy was performed to characterize the
lesion. Under fluoroscopic guidance, the proximal and distal
extent of the tumor was marked on the skin using radiopaque
metal markers. A guidewire was placed through the tumor, and
the stent delivery system was inserted over the guidewire. The
stent was deployed across the tumor length that was previously
delineated by the radiopaque markers under fluoroscopic
guidance.

Radiation Therapy
CT-based, intensity-modulated radiotherapy with 6-MV photons
(Tomotherapy, Accuray Inc., Madison, WI; Versa HD, Elekta,
Crawley,West Sussex, U.K.) was employed at our institution.Tar-
get regions and normal structures were contoured using the
Pinnacle 3 Treatment Planning System (Philips Healthcare, Mad-
ison, WI). The gross tumor volume was defined as the encom-
passing primary tumor and the metastatic lymph nodes that
were found via chest CTor PET-CT (standard uptake value of>2
to 2.5). The clinical target volume (CTV) included the esophagus
of primary tumor expansion 3–5 cm in the superior-inferior
directions and 0.5–1 cm in the lateral and anteroposterior direc-
tions. For cervical and upper thoracic squamous cell carcino-
mas, nodal basins extending superiorly from the lower cervical
and supraclavicular region and inferiorly to the subcarinal
lymph node basin, inclusive of the upper paraesophageal lymph
nodes, were included in the CTV. For lower esophageal squa-
mous cell carcinomas, lymph node basins superiorly from the
subcarinal region and inferiorly to the left gastric and common
hepatic arteries/celiac lymph nodal basins were generally
included [16]. The planning target volume was defined as CTV
with a 0.5–0.8 cm expansion margin. Initial fields were treated
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at a dose of 45 Gy, and an additional 5.4–14.4 Gy was delivered
to the reduced fields with an approximate 2-cm margin encom-
passing the gross disease. If surgery was feasible, patients stopped
the 45 Gy CCRTand underwent surgery 6–8 weeks later.

Chemotherapy
Concurrent chemotherapy consisted of platinum-based regi-
mens based on our hospital guidelines (cisplatin, 75 mg/m2 3-
hour drip on day 1, and 5-fluorouracil [5-FU], 1,000 mg/m2 con-
tinuous infusion on days 1–4, repeated every 3 weeks; cisplatin,
35 mg/m2 2-hour drip on day 1, and leucovorin, 50 mg/m2 30-
minute drip on day 1, and 5-fluorouracil, 500 mg/m2 30-minute
drip on day 1, repeated every week; cisplatin, 35 mg/m2 2-hour
drip on day 1, repeated every week; or paclitaxel, 80 mg/m2 1-
hour drip on day 1, and cisplatin, 30 mg/m2 2-hour drip on day
2, repeated every week). Cisplatin could be replaced by carbo-
platin based on clinical judgment.

Statistical Analysis
Descriptive statistics were used to analyze the patients’ demo-
graphic characteristics. Continuous variables were analyzed using

Mann-WhitneyU tests. Fisher’s exact tests were used to compare
categorical variables and to estimate relative risk. Overall survival
was defined as the amount of time from the date of cancer diag-
nosis to the date of death or last follow-up. The Kaplan-Meier
method was used to estimate overall survival, and log-rank tests
were used to determine significance. We also used univariate
and multivariate Cox proportional hazards models to estimate
hazard ratios (HRs) and 95% confidence intervals (CIs) for fistula
formation and overall survival. Significance was taken at p< .05
for all tests. Statistical analysis was performed using SPSS
software (Version 20.0; IBM Corporation, Armonk, NY). A post
hoc power analysis was calculated by G*power 3.1.9.2. The R2

value was calculated by logistic regression with SEMS and covari-
ates of age, pre-CCRT body weight, tumor location, tumor length,
clinical Tstage, regional lymph nodemetastasis, and RTdose.

RESULTS

Patient Characteristics
A total of 46 patients were identified; there were 8 patients in
the SEMS plus CCRT group and 38 patients who received CCRT

Figure 1. Flowchart of patients identified in the study.
Abbreviations: CCRT, concurrent chemoradiation therapy; SEMS, self-expandable metal stent.
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without SEMS (13 patients underwent surgery after CCRT).
The characteristics of the 46 patients are shown in Table 1,
and there were no significant differences between groups.
The median age was 58.5 (interquartile range [IQR],
54–66.25) years, and 93.5% of the patients were men. Pre-
CCRT versus post-CCRT median body weight for the SEMS
plus CCRT group and the CCRT group were 55.5 kg versus
51.5 kg and 58.5 kg vs. 56.5 kg, respectively. Only one
patient had adenocarcinoma; the other patients were diag-
nosed with esophageal squamous cell carcinoma. A tumor
located in the upper third was found in 28.3% of patients,
and 71.7% of patients had a tumor in the middle- or lower
third of the esophagus. The median tumor length was 62.5
(IQR, 40.75–80.75) mm. T3- or T4-stage cancer was found in
84.8% of patients, and regional lymph node metastasis was
found in 91.3% of patients. The characteristics of the
patients who underwent CCRT with or without SEMS place-
ment from 2007 to 2016 are listed in supplemental online
Table 1. The esophageal fistula formation rates of patients
who received CCRTwithout SEMS during the periods of 2007–
2013 and 2014–2016 were 3.7% and 2.6%, respectively.

Locally Advanced Esophageal Cancer Patients Treated
by SEMS plus CCRT with Higher Risk of Esophageal
Fistula Formation
Among the 46 patients, esophageal fistula was identified in 8
patients (supplemental online Table 2). Most of the tumors in
these patients were located in the middle- or lower third of the
esophagus (87.5%), and only one tumor was located in the
upper third of the esophagus (12.5%). Thus, 87.5% of patients
were diagnosed with T3 disease and had lymph node metasta-
sis, and only one patient was diagnosed with T4 disease. The
completed radiation dose in the SEMS plus CCRTgroup was sig-
nificantly lower than that in the definitive CCRT group (n 5 25;
median, 47.5 Gy vs. 59.4 Gy, respectively; p 5 .006). Addition-
ally, there was a trend toward a lower completed radiation
dose in the SEMS plus CCRT group than in the CCRT with or
without surgery group (n 5 38; median, 47.5 Gy vs. 50 Gy,
respectively; p 5 .056). The risk of esophageal fistula formation
was higher in the SEMS plus CCRTgroup than in the CCRTgroup
(87.5% vs. 2.6%, relative risk, 259; p< .001, power5 0.873).
The median time to develop esophageal fistula was 3.5 months
in the SEMS plus CCRT group, and only one patient developed

Table 1. Characteristics of patients who underwent CCRT with or without SEMS placement

Characteristic Total, n 5 46 SEMS plus CCRT, n 5 8 CCRT, n 5 38 p value

Age, years 58.5 (54–66.25) 61.5 (54.25–70.75) 58 (52–65.25) .40

Sex >.999

Male 43 (93.5) 8 (100) 35 (92.1)

Female 3 (6.5) 0 (0) 3 (7.9)

Pre-CCRT body weight, kg 58 (53–66) 55.5 (50–59.5) 58.5 (53.75–66.5) .135

Post-CCRT body weight, kg 56 (49.75–63) 51.5 (49–59) 56.5 (51–63.5) .121

Tumor type >.999

SqCC 45 (97.8) 8 (100) 37 (97.4)

Adenocarcinoma 1 (2.2) 0 (0) 1 (2.6)

Tumor location .409

Upper third 13 (28.3) 1 (12.5) 12 (31.6)

Middle or lower third 33 (71.7) 7 (87.5) 26 (68.4)

Tumor length, mm 62.5 (40.75–80.75) 63.5 (45–81.5) 62.5 (40–81.5) .839

Clinical T stage .325

T1 or T2 7 (15.2) 0 (0) 7 (18.4)

T3 or T4 39 (84.8) 8 (100) 31 (81.6)

Regional lymph node metastasis .548

Negative 4 (8.7) 1 (12.5) 3 (7.9)

Positive 42 (91.3) 7 (87.5) 35 (92.1)

TNM stage >.999

I, II 7 (15.2) 1 (12.5) 6 (15.8)

III 39 (84.8) 7 (87.5) 32 (84.2)

RT dose, Gy 50 (45–59.4) 47.5 (40.5–53.1) 50 (45–59.4) .056

Chemotherapy schedules >.999

Weekly 23 (50) 4 (50) 19 (50)

Every 3 weeks 23 (50) 4 (50) 19 (50)

Fistula formation rate 8 (17.4) 7 (87.5) 1 (2.6) <.001

Data are presented as the median (interquartile range) or absolute number (%).
Abbreviations: CCRT, concurrent chemoradiation therapy; RT, radiotherapy; SEMS, self-expanding metal stent; SqCC, squamous cell carcinoma;
TNM, tumor-node-metastasis staging system.
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esophageal fistula formation by 5.5 months in the CCRT group
(HR, 72.30; 95% CI, 8.62–606.19; p< .001).

Locally Advanced Esophageal Cancer Patients Treated
by SEMS plus CCRT Causing Worse Overall Survival
In the CCRT group, 13 patients received a scheduled esopha-
gectomy following CCRT, and 25 patients received definitive
CCRTwithout surgery. No patients in the SEMS plus CCRTgroup
underwent a curative surgery after CCRT. The median overall
survival times for the SEMS plus CCRT group and the CCRT
group were 6 and 16 months, respectively (HR, 5.72; 95% CI,
2.15–15.21; p< .001; Fig. 2A). Additionally, compared with the
definitive CCRT patients (n 5 25), those who underwent SEMS
concomitant with CCRT suffered from lower overall survival
(HR, 4.18; 95% CI, 1.51–11.55; p 5 .002; Fig. 2B).

The multivariate Cox proportional hazards model revealed
that overall survival was independently associated with SEMS
placement (HR, 6.16; 95% CI, 1.97–19.37; p 5 .002). The age,
body weight, tumor location, tumor length, clinical T stage,
regional lymph node metastasis, and radiation dose were not
related to overall survival in the current study (Table 2).

DISCUSSION

Esophageal fistula formation or perforation is a life-threatening
adverse event for patients who undergo SEMS placement or
SEMS with CCRT. The fistula formation and/or perforation rates
for esophageal cancer patients who receive SEMS placement
alone or CCRT alone were less than 5.5% and 17.7%, respec-
tively (Table 3). The rate of these life-threatening adverse events
for patients with SEMS placement was 1%–5.5%. Christie et al.
reported 100 patients (93% of patients had esophageal cancer)
who underwent SEMS placement for dysphagia, and the perfo-
ration rate was 1% [17]. In a retrospective analysis of 90 esoph-
ageal cancer patients, of whom 68% had adenocarcinoma and
32% had squamous cell carcinoma, the perforation rate for
SEMS intubation was 1.1% [18]. In a prospective study in which

231 patients prospectively underwent SEMS placement for mid-
dle- and lower third esophageal cancer, the perforation rate
was 1.3% [19]. In a randomized prospective comparison of self-
expandable plastic stents (SEPS) and SEMS for malignant esoph-
ageal dysphagia, the perforation rate was 1.8% for SEMS and
2.1% for SEPS, and the fistula formation rate was 3.7% for SEMS
and 2.1% for SEPS [20]. In the current study, no patient suffered
perforation or fistula formation within 30 days of SEMS
placement.

The rate of fistula formation among patients with
advanced esophageal squamous cell carcinoma treated by
sandwiched cisplatin and 5-fluorouracil with 60 Gy radio-
therapy was 17.7% [21]. Chen et al. retrospectively analyzed
68 esophageal carcinoma patients treated by CCRT with
radiation doses of 50–70 Gy, and the perforation rate was
13.2% during or after CCRT [22]. For elderly esophageal can-
cer patients receiving paclitaxel plus cisplatin concurrent
with 60 Gy radiotherapy, the perforation rate was 1.2% [23].
In the current study, the esophageal fistula formation rates
of patients who received CCRT without SEMS from 2007 to
2013 and from 2014 to 2016 were 3.7% and 2.6%, respec-
tively (supplemental online Table 1). Altogether, the fistula
formation and/or perforation rate for patients who receive
platinum-based chemotherapy concurrent with radiother-
apy (45–70 Gy) is 1.2%–17.7%.

However, in a Japanese study that utilized a questionnaire
to analyze 32 esophageal cancer patients who received esopha-
geal stent implantation concurrent with radiotherapy (median
60 Gy) or CCRT due to esophageal stenosis, 47% of patients
experienced hematemesis requiring transfusion and/or esopha-
geal fistula formation, and 22% of patients died of hemateme-
sis or esophageal fistula [24]. Christie et al. reported that 28.6%
of patients who underwent SEMS placement followed by CCRT
developed esophageal perforation, and 14.3% of patients expe-
rienced fistula formation [17]. Another study reported 23%
esophageal fistula formation in patients who received SEMS

Table 2. Univariate and multivariate analyses of hazard ratios for overall survival

Characteristic

Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

SEMS placement 5.72 2.15–15.21 <.001 6.16 1.97–19.37 .002

Age 1.01 0.97–1.06 .543 1.03 0.98–1.09 .238

Pre-CCRT body weight 1.00 0.95–1.04 .840 1.06 0.92–1.22 .452

Post-CCRT body weight 0.99 0.94–1.03 .503 0.98 0.84–1.13 .745

Tumor location .144 .402

Upper 1/3 reference reference

Middle or lower 1/3 2.22 0.76–6.45 1.61 0.53–4.94

Tumor length 1.01 0.99–1.02 .189 1.01 0.99–1.03 .239

Clinical T stage .793 .234

T1 or T2 reference reference

T3 or T4 1.18 0.35–3.95 0.38 0.08–1.87

Regional lymph node metastasis .930 .861

Negative reference reference

Positive 0.91 0.12–7.08 1.24 0.11–13.92

RT dose 1.00 0.99–1.00 .084 1.00 0.99–1.00 .515

Abbreviations: CCRT, concurrent chemoradiation therapy; CI, confidence interval; HR, hazard ratio; RT, radiotherapy; SEMS, self-expanding metal
stents.
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placement followed by radiotherapy, whereas only 2% of
patients who underwent SEMS placement alone suffered from
fistula formation [11]. A recent retrospective study showed an
18% esophageal perforation rate and a 6% hematemesis rate in
patients with adenocarcinoma who received SEMS placement
during curative CCRT (RT dose of 32.4–50.4 Gy) [12]. In con-
trast, in a randomized trial of 84 inoperable esophageal cancer
patients who underwent SEMS placement with or without pal-
liative radiotherapy (30 Gy), no cases of esophageal fistula for-
mation or perforation were observed [14]. Of the patients
treated with SEMS followed by CCRT in the current study,
87.5% of patients developed esophageal fistula during or after
CCRT, whereas only 2.6% of patients developed esophageal fis-
tula in the CCRTgroup. Among the patients with esophageal fis-
tula in the SEMS plus CCRT group, all patients had T3 disease,
except one patient who had T4 disease, which was diagnosed
according to suspected tracheal invasion by endoscopic ultra-
sound. However, the patient with T4 disease developed aortic
pseudoaneurysm and aortoesophageal fistula, but not tracheo-
esophageal fistula, after receiving combined modality therapy
(Fig. 3A). Additionally, from 2007 to 2016 at our institution, the
median time to develop esophageal fistula was 3.5 months in

the SEMS plus CCRT group, which was shorter than that in the
CCRT alone group (median 5.5 months, supplemental online
Table 2). Emami et al. reported a 5% risk of severe adverse
events (stricture or perforation) within 5 years after 55 Gy and
60 Gy irradiation of the entire esophagus and one third of the
esophagus, respectively [25]. Nevertheless, patients treated by
SEMS plus CCRT suffered from fistula at a lower radiation dose
(median 50 Gy) than patients who received CCRT alone (59.4
Gy) in the current study. These data reveal that patients treated
with SEMS concomitant with CCRT have a higher risk of devel-
oping tracheoesophageal fistula or aortoesophageal fistula at a
lower irradiation dose and within a shorter interval than those
treated with CCRTalone.

The survival benefits of SEMS placement followed by radio-
therapy in esophageal cancer are controversial. A survival advant-
age of combined SEMS and radiotherapy was observed
compared with SEMS placement alone [11, 14]. The European
Society of Gastrointestinal Endoscopy clinical guidelines released
in 2016 do not recommend the concurrent use of palliative exter-
nal radiotherapy and esophageal stent treatment [6]. In a case-
control study on SEMS placement as a bridge to surgery in esoph-
ageal cancer, 59% of patients received neoadjuvant chemother-
apy or 45 Gy CCRT. The SEMS group was associated with a lower
3-year overall survival than the control group (25% vs. 44%;
p 5 .023) [26]. Francis et al. also reported that patients who
received curative CCRT with stents had a worse median overall
survival than patients who did not receive stents (9.1 months vs.
16.8 months; p 5 .026) [12]. In the current study, the median
overall survival was shorter in the SEMS plus CCRT group than in
the CCRT group (6 months vs. 16 months; p< .001; Fig. 2A, 2B).
Furthermore, esophageal stenting was an independent predictive
factor correlated with overall survival, as confirmed by the multi-
variate Cox proportional hazards model for esophageal cancer
patients receiving CCRT (HR, 6.16; 95% CI, 1.97–19.37; p 5 .002).

There are multiple factors that may contribute to esophageal
wall injury in the setting of SEMS concomitant with CCRT
(Fig. 4). The type of esophageal SEMS may play an important
role.Wallflex fully covered,Wallflex partially covered, and biode-
gradable Ella-BD stents have high axial force and low radial force,
whereas Ultraflex and Alimaxx-ES stents have low axial force and
high radial force [27]. The axial force is the force that maintains
the stent straight and restricts local bending. The radial force is
the force that resists pressure from the esophageal wall to main-
tain sufficient luminal patency in an esophageal stricture and
prevent stent migration. The Wallflex stent, with high axial force
that makes it less flexible and more difficult to bend, was used
in 87.5% of patients in the current study. Stiff stents are more
likely to rub on the esophageal wall, causing friction and pres-
sure ulcerations during esophageal peristalsis. Additionally,
uncovered sharp ends of SEMS may cause esophageal wall
injury, and larger diameters at the proximal and distal ends may
also increase the radial force that exerts pressure on the esopha-
geal wall during esophageal peristalsis, which can result in a
deep pressure ulcer and chronic inflammatory reaction [28].
Bick et al. observed that 82% (18/22) of stent-associated esopha-
gorespiratory fistulas developed at the proximal margin of
stents, and all patients who received larger proximal diameter
stents (27–28 mm) suffered from fistula formation at the proxi-
mal edge of the stent [29]. In the current study, 57.1% of
patients developed esophageal fistula at the proximal end of the

Figure 2. Overall survival among patients with esophageal cancer
who underwent SEMS placement followed by CCRT. (A): Patients
who received CCRT with or without surgery. (B): Patients who
received definitive CCRTwithout surgery.
Abbreviations: CCRT, concurrent chemoradiation therapy; CI,

confidence interval; HR, hazard ratio; SEMS, self-expandable metal
stent.
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stent (Fig. 3B), and 75% of these patients were treated with a
stent with a larger proximal flare diameter (28 mm).

Both radiotherapy and chemotherapy may contribute to
the vascular and stromal damage of the esophagus. Irradiation
increases the expression of endothelial intercellular adhesion
molecule 1, causing polymorphonuclear cell adhesion, increas-
ing apoptosis in microvascular endothelial cells, and damaging
the internal elastic lamina of vessels [30, 31]. Platinum-based
chemotherapy also increases the expression of intercellular
adhesion molecule 1 in endothelial cells and is involved in the
pathophysiological process of cisplatin-induced vascular toxicity
[32]. Moreover, the dose of irradiation was enhanced by
platinum-based chemotherapy with a ratio of 1.29 to 1.55 in
an in vitro study [33].

Dose perturbations due to the presence of a metallic
esophageal stent during the treatment of esophageal cancer
using external beam radiation therapy result in an overdose in
the esophageal wall. For the Wallflex esophageal stent com-
bined with radiation, the dose enhancement can range from
4% to 13%, whereas the dose perturbation is negligible for
polymer-based stents and approaches 0% for biodegradable
stents [34]. Our study demonstrates that in patients who devel-
oped esophageal fistula during or after CCRT, the median radia-
tion doses for patients with SEMS and without SEMS were 50
Gy and 59.4 Gy, respectively. The radiation dose to cause
esophageal fistula in the SEMS plus CCRT group is obviously
lower than the tolerance dose in patients treated with CCRT
alone. In another retrospective analysis of esophageal cancer
patients treated with curative CCRT, no patients experienced
esophageal perforation in the SEPS group, but 18% of patients
experienced esophageal perforation in the SEMS group [12].
This difference can be partially explained by the radiation dose
enhancement effect of combined SEMS with CCRT.

The CROSS (Chemoradiotherapy for Oesophageal Cancer
Followed by Surgery Study) trial recently reported an improved
overall survival rate in patients who underwent neoadjuvant
CCRT with a carboplatin/paclitaxel-based regimen and ob-
served esophageal perforation in 1% of patients [7]. Interest-
ingly, Blom et al. reported that patients with esophageal cancer
treated with a cisplatin and 5-FU regimen or a carboplatin/
paclitaxel regimen exhibited no differences in 3-year overall
survival rate (p 5 .725) or between grades 3 and 4 of esophagi-
tis (p 5 .920) [35]. A randomized trial revealed that no patients
developed esophageal fistula or perforation when treated with
SEMS and radiotherapy 30 Gy [14]. However, up to 18% of
patients developed esophageal fistula after receiving esopha-
geal stent placement plus neoadjuvant CCRTwith 32.4–50.4 Gy
[12, 36]. In the present study, 37.5% of patients still experi-
enced esophageal fistula under CCRT (cisplatin and 5-FU regi-
men) with less than 45 Gy. Therefore, the safety of stenting
prior to CCRT in patients who are planned to undergo the cura-
tive intent CROSS regimen followed by surgery remains unclear.
Nevertheless, by critically evaluating these previously published
observations, it is apparent that patients treated with SEMS
plus CCRT with a cisplatin-based regimen have a higher risk of
esophageal fistula formation at a lower irradiation dose.

There are some limitations to the present study. First, the
sample size of patients who received SEMS before or during
CCRT was small, making any statistical conclusions very tenta-
tive. Nevertheless, we found a significant association between
SEMS placement and esophageal fistula formation. Second,
SEMS placement was the only prognostic factor determined as
significant by univariate and multivariate analyses in the cur-
rent study; however, some unobserved covariates might have
contributed to the higher fistula formation rate and the worse
overall survival. The patients enrolled in the current study were
not part of a prospective protocol, such as for performance sta-
tus, cancer staging, tumor location, or CCRT regimen, leading to
potential bias. Patients who were treated with a stent had a
higher percentage of distal esophagus tumors (87.5% vs.
68.4%) and T3/T4 lesions (100% vs. 81.6%), and both factors
were associated with fistula/perforation, which may cause
selection bias and disfavor the SEMS plus CCRT group com-
pared with the CCRT-only group. Additionally, higher median

Figure 3. Esophageal fistula formation in patients treated by con-
current chemoradiation therapy with self-expandable metal
stents. (A): The patient with T4 disease developed aortic pseudo-
aneurysm and aortoesophageal fistula, but not tracheoesophageal
fistula, after receiving combined modality therapy. (B): The left
main bronchus-esophageal fistula is located at the subcarinal level
at the proximal portion of the esophageal stent.
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age and lower pretreatment weight were noted in the SEMS
plus CCRT group, which may also contribute to a higher risk of
poor prognosis. Third, many types of commercial esophageal
stents with a variety of materials and mechanical properties are
available; therefore, our study results may not be able to be
extrapolated to predict the clinical outcomes of patients who
receive other types of esophageal stents combined with CCRT.
Further prospective and randomized studies of SEMS combined
with curative CCRT are warranted to determine the contribu-
tion that SEMS have on the risk of perforation/fistula and sur-
vival after controlling for known prognostic variables.

CONCLUSION
For esophageal cancer patients who are scheduled to receive
CCRT, caution should be taken when adopting SEMS concurrent
with CCRT. Patients treated with SEMS concomitant with
CCRT have a higher risk of tracheoesophageal fistula or aortoe-
sophageal fistula formation at a lower irradiation dose and

within a shorter time interval than patients treated with CCRT
alone. Additionally, the combination of SEMS and CCRT was
associated with a significant decrease in overall survival among
patients with locally advanced esophageal carcinoma.
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