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Abstract

Background Although endoscopic resection (ER) may be

sufficient treatment for early-stage esophageal cancer,

additional treatment is recommended when there is a high

risk of cancer recurrence. It is unclear whether delaying

esophagectomy by performing and assessing the success of

ER affects outcomes as compared with immediate

esophagectomy without ER. Additionally, long-term sur-

vival after sequential ER and esophagectomy required

further investigation.

Methods Between 2011 and 2015, 48 patients with stage

T1 esophageal cancer underwent esophagectomy after ER

with curative intent at our institution. Two-to-one

propensity score methods were used to identify 96 mat-

ched-control patients who were treated with esophagec-

tomy only using baseline patient, tumor characteristics and

surgical approach. Time from initial evaluation to

esophagectomy, relapse-free survival, overall survival, and

postoperative complications were compared between the

propensity-matched groups.

Results In the ER ? esophagectomy group, the time from

initial evaluation to esophagectomy was significantly

longer than in the esophagectomy only group (114 vs.

8 days, p\ 0.001). The incidence of dense adhesion

(p = 0.347), operative time (p = 0.867), postoperative

surgical complications (p = 0.966), and postoperative

length of hospital stay (p = 0.125) were not significantly

different between the groups. Moreover, recurrence-free

survival and overall survival were also similar between the

two groups (p = 0.411 and p = 0.817, respectively).

Conclusions Treatment of stage T1 esophageal cancer

with ER prior to esophagectomy did not increase the dif-

ficulty of performing esophagectomy or the incidence of

postoperative complications and did not affect survival

after esophagectomy. These results suggest that ER can be

recommended for patients with stage T1 cancer even if

esophagectomy is warranted eventually.

Keywords Endoscopic mucosal resection � Endoscopic
submucosal resection � Esophagectomy � Esophageal
neoplasms � Propensity score

When esophageal cancer is detected at an early stage, the

survival rate can be as high as 85%; a stark contrast to a

5-year survival rate of\10% when diagnosed at an

advanced stage [1]. Due to the importance of early detec-

tion, an increasing number of esophageal cancers are being

diagnosed at an early and curable stage, particularly in

patients who undergo surveillance endoscopy [2, 3].

Esophagectomy has traditionally been the standard

treatment for all esophageal cancers, even for localized

lesions. Esophagectomy is a radical surgery associated with
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substantial procedure-related mortality and long-term

morbidity [4]. Even when performed at an experienced

center by expert surgeons, esophagectomy for early-stage

cancer is associated with a significant mortality (at least

2%) and postoperative morbidity in at least 40% of patients

[5, 6]. In recent years, endoscopic resection (ER) has

emerged as a potential alternative to surgery for early-

stage, superficial, esophageal carcinoma [7]. ER com-

pletely removes the diseased mucosa by dissection through

the middle or deep part of the submucosa. Because ER is

minimally invasive and can be effective without compro-

mising organ function, it is becoming the dominant treat-

ment strategy for early-stage esophageal cancer and

precancerous lesions [8].

Despite its promise, ER has intrinsic limitations.

Important concerns include missed synchronous malig-

nancy, misclassification of tumor depth of invasion, and an

inability to obtain pathologic lymph node staging infor-

mation. A particularly relevant disadvantage of ER is the

risk of recurrent neoplasia, which in initial reports of ER

was reported to be as high as 30% [2]. Early-stage eso-

phageal cancer may be accompanied by lymph node

metastasis [9], and metastases have been found in up to 4%

of cancers limited to the epithelium and lamina propria,

0–22% of cancers with invasion of the muscularis mucosa,

and 26–54% of cancers that invade the submucosa

[3, 10, 11]. Some patients undergo ER treatment initially,

but then undergo radical esophageal resection due to a high

risk for cancer recurrence or lymph node metastasis. To

date, it has been unclear whether initial treatment with ER

significantly impacts the incidence of postoperative com-

plications or long-term survival after esophagectomy.

Therefore, we examined operative and postoperative out-

comes in patients who underwent ER before an eventual

esophagectomy to better understand the consequences of

ER in this patient population.

Methods

Patients

This research was approved by the Institutional Review

Board of the Fudan University Shanghai Cancer Center,

Shanghai, China. All patients were treated by the Depart-

ment of Thoracic Surgery, Fudan University Shanghai

Cancer Center from March 2011 to March 2015. Data were

collected prospectively into the patients’ medical and

operative records and into a departmental database used to

monitor outcomes in patients undergoing ER.

During the study period, 140 patients with T1 esopha-

geal cancer underwent endoscopic resection with curative

intent. To acquire tumor clinical stage before surgery,

patients typically underwent preoperative examinations

that included chest computed tomography (CT), abdominal

ultrasound, electronic gastroscopy with narrow band

imaging, endoscopic ultrasonography (EUS), and contrast

esophagography. Treatment with ER was chosen by the

patients after consultation with their surgeon regarding the

pros and cons of ER, radiotherapy, and esophagectomy.

Three patients with T1 esophageal tumors who underwent

ER with curative intent were excluded from further anal-

ysis due to insufficient data on the characteristics we were

examining, and five patients were screened with other

malignant disease in previous 5 years. After ER, 65

patients chose follow-up with surveillance only and had not

undergone esophagectomy as of their last telephone inter-

view; 16 patients chose consolidation radiation directly

after ER. The remaining 48 consecutive patients underwent

esophagectomy after ER and were included into this study

(Fig. 1; Table 1). Patients were excluded from the analysis

using the following criteria: (1) tumor stage[T1 as

determined in the ER specimen; (2) radiotherapy or

chemotherapy before ER or during the interval between ER

and esophagectomy; and (3) any other malignant disease in

previous 5 years.

Esophagectomy after ER was recommended in these 48

patients by a multidisciplinary team based on the likelihood

of occult residual tumor, as determined by positive resec-

tion margins in the ER specimen, and the risk of lymph

node metastasis, as indicated by the presence of multifocal

lesions, subclassification of superficial esophageal

687 pa�ents who underwent endoscopic 
resec�on (EMR or ESD) from March 2011 to 

March 2015 

140 pa�ents with stage T1a or T1b 
esophageal cancer who underwent ER 

with cura�ve intent 

48 pa�ents with stage T1 esophageal 
cancer who underwent ER with cura�ve 

intent and esophagectomy 

Excluded from analysis 
1. Did not under a subsequent esophagectomy 

(81 pa�ents) 
2. Under chemotherapy during the interval 

between ER and esophagectomy (3 pa�ents) 
3. other malignant disease in previous 5 years 

(5 pa�ents) 
4. Insufficient data (3 pa�ents) 

Excluded from analysis 
1. T stage did not match inclusion criteria (464 

pa�ents) 
2. Diagnos�c resec�on (83 pa�ents)  

Fig. 1 Flow diagram detailing the study group for analysis based on

inclusion and exclusion criteria
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carcinoma C m3, circular rather than longitudinal tumor

spread, poor differentiation in the final pathologic analysis;

stage T1b tumor, or the presence of lymphovascular

invasion (LVI) [12–14].

Propensity-score matching

Propensity-score methods were used to identify 96 patients

who were treated with esophagectomy only for comparison

(Table 2). Propensity-score matching was performed with

two-to-one nearest-neighbor matching without replacement

to identify matched cohorts for the two treatment modali-

ties (ER ? esophagectomy and esophagectomy only). This

method was adopted to balance the observed covariates

between two groups. Age, sex, pathological tumor type,

tumor location, tumor length, thickening of the esophageal

wall, classification of superficial lesions, surgical procedure

for esophagectomy, and whether or not the esophagectomy

included video-assisted thoracoscopic surgery were selec-

ted as the observed covariates (Table 2). Based on this set

of covariates, the propensity score was estimated using

logistic regression. The statistical analyses were conducted

using R version 3.3.1 software (R, CA, USA).

ER techniques

ER included endoscopic multi-band mucosectomy

(EMBM) and endoscopic submucosal dissection (ESD).

The Duette Multiband Mucosectomy Kit (DT-6, Cook

Medical, Bloomington, IN) was used for EMBM.

Overlapping resections were required to ensure complete

resection. ESD was performed using a T-knife or VS knife

(Erbe Elektromedizin, GmbH, Tübingen, Germany), under

the ENDO CUT IQ model (Erbe platform system).

Surgical treatment

Esophagectomy was performed by the same surgical team

that performed the ER, and the surgical procedure used

(Table 2) was determined based on the features of lesion

resected and the experience of the primary surgeon. Sur-

gical patients had follow-up visits in the clinic 4 weeks and

6 months after esophagectomy, and annually thereafter.

Pathological diagnosis and staging

Surgical specimens from ER and esophagectomy were

fixed in 5% formaldehyde and embedded in paraffin. Sec-

tions were stained with hematoxylin and eosin and exam-

ined by light microscopy. The margins of specimen were

examined carefully to determine if an R0 resection was

accomplished. The depth of invasion was examined by at

least two independent pathologists.

Statistical analysis

Pearson’s Chi-square test was used to compare frequencies

for categorical variables. Paired independent sample t tests

or one-way analysis of variance (ANOVA) was used to

compare continuous variables between the groups. The

Table 1 Surgical and

pathological characteristics of

48 patients after endoscopic

resection

Parameter n (%)a

ER operation time including FS evaluation, mean ± SD, minutes 44.4 ± 12.9

Hospitalization after ER, mean ± SD, days 1.5 ± 0.8

Lymphovascular invasion (LVI) 0 (0%)

Pathological stage (T1a/[T1a)

T1a 27 (56%)

[T1a 21 (44%)

Endoscopic resection method

Endoscopic submucosal dissection (ESD) 13 (27%)

Endoscopic multi-band mucosectomy (EMBM) 35 (73%)

Lateral resection margin

Positive 4 (8.3%)

Negative 44 (91.7%)

Vertical resection margin

Positive 1 (2%)

Negative 47 (98%)

Complications during ER 0 (0%)

ER endoscopic resection, FS frozen section, SD standard deviation
a Unless otherwise indicated
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Kaplan–Meier method was used to analyze relapse-free

survival (RFS) and overall survival (OS). The log-rank test

was used to compare differences in RFS and OS. Follow-

up of all patients was extended to May 2017. Statistical

significance was set as p = 0.05. The statistical analyses

were conducted using SPSS version 18.0 software (SPSS,

Chicago, IL).

Results

Interval between initial evaluation

and esophagectomy

The median interval from initial evaluation to esophagec-

tomy was 114 days (range 4–863 days) in the patients who

underwent ER followed by esophagectomy and was sig-

nificantly longer than the interval between initial

evaluation and esophagectomy in patients who underwent

esophagectomy only (median 8 days, range 3–34 days)

(Table 3). In more than half of the patients who underwent

ER (31 patients, 64.6%), esophagectomy took place more

than 30 days after ER. Additionally, none of the patients

underwent emergency esophagectomy during ER due to

complications.

Perioperative parameters

Operative parameters and early postoperative outcomes did

not differ between patients who underwent ER prior to

esophagectomy and those who did not (Table 3). Notably,

a significant difference in the occurrence of dense adhe-

sions (pleura adhesions noted in the surgical record) was

not observed between the two groups (14.6% in

ER ? esophagectomy group vs. 9.4% in esophagectomy

group, p = 0.347) operative time and postoperative

Table 2 Clinical and pathological characteristics of propensity-matched patients who underwent esophagectomy with or without endoscopic

resection

Factors ER ? esophagectomy

N = 48

Esophagectomy

N = 96

p value

Age, mean ± SD, years 60.4 ± 7.8 60.4 ± 7.3 0.994

Sex, n (%) 0.527

Male 31 (64.6%) 67 (69.8%)

Female 17 (35.4%) 29 (30.2%)

Length of lesion, mean ± SD, cm 3.2 ± 2.0 2.9 ± 1.5 0.324

Lesion location, n (%) 0.874

Upper thoracic 5 (10.4%) 12 (12.5%)

Middle thoracic 34 (70.8%) 64 (66.7%)

Lower thoracic 9 (18.8%) 20 (20.8%)

Thickness of the esophageal wall, as classified by CT, n (%) 0.722

Normal 28 (58.3%) 53 (55.2%)

Thickening 20 (41.7%) 43 (44.8%)

Classification of superficial lesions, n (%)a 0.75

Type 0-IIa 21 (43.8%) 39 (40.6%)

Type 0-IIb 25 (52.1%) 50 (52.1%)

Type 0-IIc 2 (4.2%) 7 (7.3%)

Pathology, n (%) 0.842

Adenocarcinoma 5 (10.4%) 9 (9.4%)

Squamous cell carcinoma 43 (89.6%) 87 (90.6%)

Operative approach, n (%) 0.985

Ivor Lewis 38 (79.2%) 75 (78.1%)

Sweet 4 (8.3%) 8 (8.3%)

Three-incision/McKeown 6 (12.5%) 13 (13.5%)

Video-assisted thoracoscopic surgery, n (%) 21 (43.8%) 31 (32.3%) 0.177

CT computed tomography, ER endoscopic resection, SD standard deviation
a Paris classification system for superficial gastrointestinal lesions [15]
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hospital stay duration were also similar between the groups

(Table 3). None of the patients who underwent

esophagectomy died during their hospital stay. Major

postoperative complication occurred in 16.7% of the

patients who underwent esophagectomy after ER: pneu-

monia occurred in two patients (4.2%), anastomotic leak

occurred in five patients (10.4%) but healed with conser-

vative therapy, and pyloric obstruction occurred in one

patient (2.1%) (Table 3) this was not significantly different

from the occurrence of major postoperative complications

in 12.5% of the patients who underwent esophagectomy

only (p = 0.996).

Tumor pathology

Performing ER prior to esophagectomy did not signifi-

cantly change the tumor profile as assessed by pathology

after the esophagectomy. Lymph node metastases were

detected in two patients who had undergone ER and three

patients who had not (p = 0.748); LVI was detected in

only one patient (Table 3). There were no significant dif-

ferences observed in tumor differentiation or the final T

stage diagnosed in the esophagectomy specimen between

the groups (Table 3). The ER specimen was insufficient to

diagnosis T and N stage in four patients who underwent ER

(8%). After examination of the esophagectomy specimen,

T status was upstaged in two patients and both T and N

status were upstaged in the other two patients.

Analysis of survival and recurrence

Performing ER before esophagectomy did not change

either recurrence-free survival (Fig. 2A) or overall survival

(Fig. 2B). Estimated survival did not differ between the

patients who underwent ER before esophagectomy and

those who did not (1-year survival, 97.9 vs. 98.9%; 2-year

survival, 97.9 vs. 97.9%; 3-year survival, 91.6 vs. 90.9%).

Two patients who underwent esophagectomy after ER

had N1 tumors and were treated with adjuvant chemother-

apy. At a mean follow-up of 43.4 ± 13.6 months (median

46 months, range 30–66 months), 41 patients were alive

with no evidence of cancer recurrence (91.7%) as of last

follow-up; one patient was alive with bone metastasis; one

patient was alive with local recurrence and liver metastasis,

and two patients were alive with lymph node metastases to

the recurrent laryngeal nerve lymph nodes.

Among the propensity-matched patients with T1 tumors

who underwent esophagectomy only, three patients with

Table 3 Comparison of clinical outcomes between the endoscopic resection plus esophagectomy group and esophagectomy alone group

Factors ER ? esophagectomy

N = 48

Esophagectomy

N = 96

p value

Initial diagnosis to esophagectomy, median (range), days 114 (4–863) 8 (3–34) \0.001

Length of esophagectomy, mean ± SD, hours 3.51 ± 1.35 3.55 ± 1.05 0.867

Dense adhesions, n (%) 0.347

Yes 7 (14.6%) 9 (9.4%)

No 41 (85.4%) 87 (90.6%)

Hospitalization after esophagectomy, median (range), days 8 (4–70) 14 (5–86) 0.125

T stage, n (%)a 0.407

T1a 24 (50%) 41 (42.7%)

[T1a 24 (50%) 55 (57.3%)

Lymphovascular invasion, n (%) 0 (0%) 1 (1.0%) 0.99

Lymph node metastasis, n (%) 2 (4.2%) 3 (3.1%) 0.748

Histological differentiation, n (%) 0.827

Poor 8 (16.7%) 19 (19.8%)

Moderate 32 (66.7%) 64 (66.7%)

High 8 (16.7%) 13 (13.5%)

Complications, n (%) 0.966

Anastomotic leak 5 (10.4%) 7 (7.3%)

Pneumonia 2 (4.2%) 3 (3.1%)

Otherb 1 (2.1%) 2 (2.1%)

a Final T stage as determined in the esophagectomy specimen
b Other complications encountered in one patient each included a pyloric obstruction, a chylothorax, and gastroparesis
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stage N1 tumors were treated with adjuvant chemotherapy.

At a mean follow-up of 49.2 ± 12.6 months (median

47 months, range 26–75 months), 86 patients were alive

with no evidence of cancer recurrence (89.5%) as of last

follow-up; one patient was alive with right recurrent nerve

lymph node metastasis; one patient was alive with right

supraclavicular lymph node metastasis, and one patient was

alive with lung metastasis.

Discussion

In this study, we investigated whether undergoing ER prior

to esophagectomy affected procedure-related complica-

tions and long-term survival as compared with proceeding

directly to esophagectomy in patients with early-stage

esophageal cancer. We used propensity-score analysis to

generate precisely matched patient cohorts with respect to

epidemiologic and tumor parameters. The time to perform

esophagectomy, postesophagectomy complications and

hospitalization, RFS, and OS were comparable between the

two groups. The delay between ER and esophagectomy

was insignificant for prognosis. To the best of our knowl-

edge, this is the first study with a propensity-matched

control group documenting the impact of initial treatment

with ER on the performance and therapeutic efficacy of a

subsequent radical esophagectomy.

Previous studies have demonstrated that preoperative

evaluation with endoscopic biopsy, endoscopic ultrasound,

CT, and positron emission tomography are sometimes

inadequate for accurate clinical staging. [10, 16–19]. ER is

recognized as a relatively precise method for initial staging

of esophageal cancer. ER specimens can be used to accu-

rately determine the histopathological diagnosis and depth

of tumor invasion in superficial lesions and yield clinically

meaningful pathological staging in patients with early-

stage esophageal cancer [10]. The current study provides

reassurance that ER improves diagnosis and risk stratifi-

cation without influencing operative parameters, postop-

erative complications, tumor recurrence, or survival if

esophagectomy is later warranted.

If a T1 esophageal lesion is confined to the lamina

propria without evidence of lymphovascular invasion, ER

may be an appropriate curative therapy. According to

guidelines put forth by the National Comprehensive Cancer

Network (NCCN), ER and esophagectomy are equally

recommended for the treatment of lesions limited to the

mucosa [American Joint Committee on Cancer (AJCC)

stage T1aN0M0] [20]. In contrast, when the lesion has

invaded the submucosa or when LVI has occurred, the risk

of lymph node metastasis is relatively high [18, 21, 22].

According to the NCCN guidelines only surgical resection

(and not ER) is recommended for submucosal lesions

(AJCC stage T1bN0M0) [20]. In our research, the patho-

logical diagnosis of T stage determined in the esophagec-

tomy specimen resulted in upstaging of the T status in 8%

of the patients previously staged by ER, and 4.2% of

patients had lymph node involvement that was detected

pathologically after esophagectomy, even though they were

diagnosed clinically as negative for metastasis. ER should

not be considered as a valid curative alternative to

esophagectomy in these cases [23, 24].

Although ER is associated with a relatively low risk of

morbidity and mortality as compared with esophagectomy,

ER can still result in severe complications such as perfo-

ration, bleeding, and postoperative stricture [25]. There are

also procedure-related risks for insufficient, piecemeal

resection [26]. This is worrisome because local recurrence

can arise from small remnants of cancer left at the margins

of a resection [27]. Minimizing the chance of local

Fig. 2 Survival after esophagectomy. A Cumulative recurrence-free

survival with abstracted number at risk displayed. B Cumulative

overall survival with abstracted number at risk displayed. Solid line

endoscopic resection plus esophagectomy group. Dotted line

esophagectomy only group. ER endoscopic resection, HR hazard ratio

1446 Surg Endosc (2018) 32:1441–1448

123



recurrence is an absolute priority when curing the cancer is

the primary therapeutic goal. However, for some patients,

especially those of advanced age or with comorbidities, a

major surgery may carry the risk of overtreatment and

diminish postoperative quality of life [8, 28]. To make the

best choice for patients, we need to balance the risks and

benefits of each treatment.

This study has some limitations, which should be con-

sidered when interpreting the findings. Although the data

were collected prospectively into an institutional database

and the patients’ medical records, the study still has

drawbacks inherent to its retrospective nature including the

potential for selection bias. The use of a propensity-mat-

ched analysis strengthens the findings, however, by nor-

malizing some variables between the treatment groups.

Also, this study has a follow-up of less than 5 years.

Finally, this study was from single center and contains a

relatively small sample size. A well-designed, randomized,

and multicenter prospective study on esophagectomy after

ER is desirable. Nevertheless, the results of this series

should provide a useful foundation for future studies.

In conclusion, in patients with stage T1 esophageal

cancer who underwent radical resection, ER before

esophagectomy did not increase the difficulty of the

esophagectomy operation or the incidence of postoperative

complications. ER prior to esophagectomy also had no

impact on survival or cancer recurrence during follow-up.

These results suggest that ER can be recommended for

patients with stage T1 esophageal cancer and does not

compromise outcomes, including survival, even if

esophagectomy is warranted eventually.
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