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Abstract

Background The long-term outcomes of endoscopic

resection of superficial submucosal colorectal cancer

(CRC) had not been adequately compared with those of

surgical resection.

Aims We aimed to compare the long-term clinical out-

comes of endoscopic resection of superficial submucosal

CRC to those of surgical resection.

Methods Submucosal CRC patients with a tumor depth of

sm1 or less than 1 mm from the muscularis mucosa were

enrolled. Patients with unfavorable histology, such as

poorly differentiated cancer or lymphovascular invasion,

were excluded. Recurrence-free survival and overall sur-

vival were investigated in 87 patients who underwent

endoscopic resection and in 171 patients who underwent

surgical resection.

Results The mean ages of the endoscopic and surgical

resection groups were 59.7 and 59.8 years, respectively.

Hospital stay was shorter in the endoscopic resection group

(1.7 ± 1.6 vs. 8.6 ± 3.8 days; p\ 0.001). The 3- and

5-year recurrence-free survival rates were 98.7 and 96.7 %

in the endoscopic resection group and 98.7 and 97.5 % in

the surgical resection group, respectively (p = 0.837). The

3- and 5-year overall survival rates were 100.0 and 95.2 %

in the endoscopic resection group and 98.7 and 92.8 % in

the surgical resection group, respectively (p = 0.928).

Recurred cases showed an unfavorable histology that was

overlooked at the time of initial resection.

Conclusions Long-term outcomes after endoscopic

resection of superficial submucosal CRC are comparable to

those after surgical resection. Thorough initial histopa-

thological evaluations are needed to guarantee the correct

indication for endoscopic resection of submucosal CRC.

Keywords Superficial submucosal colorectal cancer �
Endoscopic resection � Surgical resection � Prognosis

Introduction

Early colorectal cancer (CRC) is defined as a carcinoma

whose invasion depth is confined to the mucosa or sub-

mucosa, regardless of the presence of lymph node metas-

tasis [1]. While metastasis does not occur in mucosal CRC,

the lymph node metastasis rate is reported as 6.6–14.4 % in

submucosal CRC [2–6]. The high risk of lymph node

metastasis in submucosal CRC is significantly associated

with deep submucosal invasion, lymphovascular invasion,

tumor budding, and poor differentiation [2, 7, 8]. A recent

consensus thus recommends additional surgical treatment

after endoscopic resection of submucosal CRC when any of

the following unfavorable histological features are present:

(1) depth of submucosal invasion C1,000 lm; (2) positive

lymphovascular invasion; (3) poorly differentiated adeno-

carcinoma, signet ring cell carcinoma, or mucinous carci-

noma; or (4) grade 2/3 budding at the site of deepest
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invasion [9, 10]. These features are collectively classified

as an unfavorable histology that is considered to carry a

high risk of lymph node metastasis.

Previous studies have reported a good prognosis after

endoscopic resection of submucosal CRC with favorable

histology [11]. However, these studies are limited in that

relatively small polyps may have been included, which

could be resected by a simple snare resection technique;

new resection techniques, such as endoscopic submucosal

dissection, were not used; there was no appropriate com-

parison group, such as patients managed with surgical

colectomy. Therefore, a re-evaluation of the role of endo-

scopic resection of submucosal CRC with favorable his-

tology is necessary by comparing its long-term prognosis

with that after surgical resection. We thus aimed in our

current study to evaluate clinical outcomes, including long-

term prognosis, of patients with superficial submucosal

CRC with favorable histology who were treated with an

endoscopic resection and to directly compare these out-

comes with a superficial submucosal CRC population who

had received a surgical resection.

Patients and Methods

Patients

From August 1991 to January 2013, 1,673 submucosal CRC

patients were treated in our institution. Of these, we

included 275 patients in our current analyses whose inva-

sion depth of primary CRC was the superficial submucosal

layer, which was defined as a tumor depth of sm1 or less

than 1,000 lm from the muscularis mucosa. Patients with

high risk of lymph node metastasis were excluded, specif-

ically those with any of the following unfavorable histo-

logical features: (1) poorly differentiated adenocarcinoma;

(2) lymphovascular invasion; or (3) tumor budding in the

endoscopically or surgically resected specimen. We also

excluded those who were treated initially by endoscopic

resection and further managed by surgery or radiation

therapy due to a positive resection margin at the endo-

scopically resected specimen or patients’ or physicians’

decision. Negative endoscopic resection margin was

defined when the resection margin showed definite absence

of tumor regardless of the distance between the deepest

tumor front and the resection margin. Those which did not

meet these criteria were considered a positive resection

margin. Surgical resection meant only radical resection

with lymph node dissection, and we also excluded those

who were treated using local surgical resection techniques

without lymph node dissection, such as transanal excision.

A final total of 258 patients with superficial submucosal

CRC were recruited (Fig. 1): 87 had been treated by

endoscopic resection and 171 using surgical resection.

Outcome Analysis

Medical records of the enrolled patients were reviewed for

outcome analysis. We investigated the baseline character-

istics of these cases such as tumor size and histology.

Types of endoscopic resection techniques were reviewed in

the endoscopic resection group. Lymph node involvement

was assessed in the surgery group. Short-term outcomes

including adverse events and hospital stay were investi-

gated in both groups. In the endoscopic resection group,

clinical follow-up visits were usually recommended to take

place at 1 month, 1 year, and annually thereafter. Colon-

oscopy follow-up was generally performed at 1 and 3 years

in case of en bloc resection. Colonoscopy was recom-

mended at around 6 months and individualized thereafter

in the case of piecemeal resection. Imaging studies with

abdominopelvic CT scan and chest X-ray with or without

chest CT scan were usually recommended annually after

endoscopic resection. The follow-up strategy was similar in

the surgical resection group. Long-term outcomes such as

recurrence-free survival and overall survival were analyzed

in both groups. Recurrences were categorized as local and

metastatic. Local recurrence was defined as tumors diag-

nosed histologically at the initial resection margins. Met-

astatic recurrence was defined as lymph node involvement

of cancer or metastasis to extracolonic organs such as liver

and lung. We reviewed the pathology slides of initial

resection specimens in recurrence cases.

Statistics

Continuous data were compared using a Student’s t test,

and categorical data were analyzed using a Pearson Chi-

square test or Fisher’s exact test. The Kaplan–Meier

method was used to calculate the recurrence-free survival

and overall survival rates. A p value less than 0.05 was

considered statistically significant. Statistical analysis was

performed using SPSS (SPSS 18.0 for Windows; SPSS Inc,

Chicago, IL). The protocol of this study was approved by

the institutional review board of our institution (IRB No.

S2014-0166).

Results

Baseline Characteristics

The male to female ratios were 62:25 and 101:70 in the

endoscopic and surgical resection groups, respectively. The

mean ages were 59.7 ± 10.5 years (range 38–85 years)
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and 59.8 ± 10.4 years (range 26–83 years) in the endo-

scopic and surgical resection groups, respectively. Endo-

scopic resection was performed as en bloc in 78 patients

(89.7 %) and as piecemeal in 9 patients (10.3 %). The

types of endoscopic en bloc resection techniques were

submucosal saline injection with snaring (n = 63, 72.5 %)

and endoscopic submucosal dissection (n = 15, 17.2 %).

No visible tumor was left after piecemeal resection.

However, argon plasma coagulation was added in four

cases based on the endoscopists’ discretion. Tumor loca-

tion and shape were not significantly different between the

two groups (Table 1). However, tumor size was greater in

the surgical resection group than the endoscopic resection

group (p\ 0.01).

Short-Term Outcomes

Hospital stay was longer in the surgical resection group

than the endoscopic resection group (8.6 ± 3.8 vs.

1.7 ± 1.6 days, p\ 0.01). There were several types of

adverse events after the initial treatment in both groups.

Fig. 1 Inclusion of patients in

this study. *High risk means

high risk of lymph node

metastasis, namely with any of

the following unfavorable

histological features: (1) poorly

differentiated adenocarcinoma;

(2) lymphovascular invasion; or

(3) tumor budding in the

endoscopically or surgically

resected specimen

Table 1 Baseline characteristics of the endoscopic resection and surgical resection groups

Endoscopic resection group (n = 87) Surgical resection group (n = 171) p

Mean age [(range), years] 59.7 ± 10.5 (38–85) 59.8 ± 10.4 (26–83) 0.98

Gender (n)

Male 62 (71.3 %) 101 (59.1 %) 0.06

Female 25 (28.7 %) 70 (40.9 %)

Location

Right colona 22 (25.3 %) 38 (22.2 %) 0.19

Left colonb 38 (43.7 %) 60 (35.1 %)

Rectum 27 (31.0 %) 73 (42.7 %)

Shape

Protruding lesion (Ip, Is) 61 (70.1 %) 127 (74.3 %) 0.36

Flat lesion (IIa, IIb, IIc) 8 (9.2 %) 8 (4.7 %)

LST 18 (20.7 %) 36 (21.1 %)

Size (mean ± SD) 18 ± 9 mm 26 ± 10 mm \0.01

LST laterally spreading tumor, SD standard deviation
a Right colon includes the cecum, ascending colon, and transverse colon
b Left colon includes the descending colon and sigmoid colon
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The frequency of overall adverse events was not different

between the two groups (p = 0.47; Table 2).

Long-Term Outcomes

The mean follow-up durations of the endoscopic and sur-

gical resection groups were 45.7 ± 25.3 and 43.9 ±

25.6 months, respectively (p = 0.59). During this period,

there were two cases of recurrence (2/87, 2.3 %) in the

endoscopic resection group and three cases of recurrence

(3/171, 1.8 %) in the surgical resection group. Regarding

recurrence cases in the endoscopic resection group, one

was local recurrence of adenoma and the other was meta-

static recurrence. Regarding recurrence cases in the surgi-

cal resection group, one was a local recurrence at the

anastomosis site and the other two were metastatic recur-

rences. The 3- and 5-year recurrence-free survival rates

were 98.7 and 96.7 % in the endoscopic resection group

and 98.7 and 97.5 % in the surgical resection group,

respectively (p = 0.84) (Table 3; Fig. 2).

Six patients died in the endoscopic resection group

during the mean follow-up period of 68.1 ± 38.0 months.

There was no case of disease-specific mortality. Twelve

patients died in the surgical resection group during the

mean follow-up of 67.1 ± 41.7 months. There were two

cases of disease-specific mortality. The 3- and 5-year

overall survival rates were 100.0 and 95.2 % in the endo-

scopic resection group and 98.7 and 92.8 % in the surgery

group, respectively (p = 0.93) (Table 3; Fig. 3).

When we retrospectively reviewed the pathology slides

of initial endoscopic and surgical resection specimens of

recurrence cases in both groups, we found one or more

unfavorable histological features in all cases. For example,

lymphovascular invasion of cancer cells was detected in an

endoscopically resected specimen in a patient in whom the

tumor had been reported to have no lymphovascular

invasion at the time of endoscopic resection. A poorly

differentiated cancer cluster was detected in the other

recurrence patient of the endoscopic resection group in

whom the tumor had initially been reported as a well-dif-

ferentiated adenocarcinoma. Similarly, there were also

unfavorable histological features such as tumor budding, a

poorly differentiated cancer cluster, and/or lymphovascular

invasion in the initial surgical resection specimen of all

three recurrence cases after surgical resection. The findings

of the five recurrence cases are detailed in Table 4.

Discussion

This comparative study has revealed that there are no

significant differences in the long-term prognosis of

superficial submucosal CRC cases with favorable histology

treated by endoscopic or surgical resection. Hospital stay

was shorter, however, in the endoscopic resection group.

These results support the current strategy of endoscopic

treatment for submucosal CRC [12]. Recurrence rates after

endoscopic resection of submucosal CRC with favorable

histology have been reported as 0.0–0.8 % in previous

studies [11, 13–16]. In our present study, the recurrence

rate in the endoscopic resection group was 2.3 % (2/87),

which appears to be higher than that previously reported.

Although the reason for this difference is not clear, the

definition of recurrence may be one explanation. In our

present study, we considered a case in which adenoma was

detected at the previous endoscopic resection site as a local

recurrence, whereas only cancer recurrence was considered

a recurrence in most previous studies. If we were to

exclude the adenoma recurrence case in our current series,

the recurrence rate would be 1.1 % (1/87), which is more

similar to the 0.0–0.8 % rates reported in previous studies.

Another reason may be the difference in the follow-up

period between studies. The cumulative recurrence-free

survival rate is the indicator that incorporates the concept

Table 2 Short-term outcomes after endoscopic and surgical resection of superficial submucosal CRC with favorable histology

Endoscopic resection group (n = 87) Surgical resection group (n = 171) p

Hospital stay [(mean ± SD,

range), days]

1.7 ± 1.6 (0–12) 8.6 ± 3.8 (4–30) \0.01

Adverse events [n (%)] Perforationa 2 Postoperative ileus 7 0.47

Fever/chill 2 Ileostomy needed 2

Postpolypectomy syndrome 1 Postoperative bleeding 2

Wound problem 2

Othersb 3

Total = 5 (5.7 %) Total = 16 (9.4 %)

CRC colorectal cancer, SD standard deviation
a All perforation cases in the endoscopic resection group were improved by conservative management without surgery
b Others refer to anastomosis site leakage, pelvic abscess, and/or incisional hernia
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of time, which may compensate for differences in the

follow-up duration. The 5-year recurrence-free survival

was 96.7 % in the endoscopic resection group of our study,

which is similar to the 95.9–98 % range of previous reports

[13–15].

The most important finding in our current study may be

that the long-term prognosis of superficial submucosal

CRC with favorable histology was found to be similar

between endoscopic resection and surgical resection in

terms of recurrence-free survival and overall survival. In

addition, the frequency of adverse events was not different

between our study groups, while the hospital stay was

shorter in the endoscopic resection group. This indicates

that endoscopic resection may be recommended as the first

choice of treatment for superficial submucosal CRC with

favorable histology based on similar long-term oncologic

outcomes, similar safety profiles, and shorter hospital stay

compared with surgical resection. A recent study compar-

ing endoscopic submucosal dissection with laparoscopic-

assisted colorectal surgery for the treatment of low-risk

early CRC showed similar findings [17]. In addition,

endoscopic resection has another advantage in that it can

preserve the colorectum, which may allow functional

preservation after treatment. In comparison, surgical

resection may be complicated by functional adverse out-

comes such as frequent bowel movement, sexual dys-

function, and adhesion [18–20].

We reviewed the pathology slides of initial resected

specimens of recurrence cases and found one or more

Table 3 Long-term outcomes after endoscopic and surgical resection of superficial submucosal CRC with favorable histology

Endoscopic resection group (n = 87) Surgical resection group (n = 171) p

Recurrence [n (%)] 2 (2.3 %) 3 (1.8 %) 1.00

Recurrence-free survival 0.84

3-year RFS 98.7 % 98.7 %

5-year RFS 96.7 % 97.5 %

Overall survival 0.93

3-year OS 100.0 % 98.7 %

5-year OS 95.2 % 92.8 %

CRC colorectal cancer, SD standard deviation, RFS recurrence-free survival, OS overall survival

Fig. 2 Recurrence-free survival after endoscopic and surgical resec-

tion of superficial submucosal CRC with favorable histology. CRC

colorectal cancer, ER endoscopic resection group, SR surgical

resection group

Fig. 3 Overall survival after endoscopic and surgical resection of

superficial submucosal CRC with favorable histology. CRC colorectal

cancer, ER endoscopic resection group, SR surgical resection group
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unfavorable histological features in the specimens that had

not been considered to have this profile at the time of initial

endoscopic and surgical resection. Based on these results,

we suggest that a thorough histopathological evaluation

should be mandatory if endoscopic resection is to be

adopted as the treatment of choice. An incorrect histopa-

thological assessment of an endoscopically resected spec-

imen could result in clinicians neglecting to perform

additional surgery that would reduce the risk of lymph

node metastasis in the case of unfavorable histology. A

lack of surgery after endoscopic resection of superficial

submucosal CRC with unfavorable histological features

could result in such fatal outcomes as metastatic recur-

rence, as shown here. For optimal histopathological

assessment, pathologists should focus on the detailed

examination of unfavorable histological features such as

differentiation and tumor budding [21, 22]. In addition, not

only routine hematoxylin and eosin staining, but also extra

effort, such as special staining for D2-40 and CD31, could

be performed to clearly visualize the lymphatics and ves-

sels, thereby more easily detecting lymphovascular inva-

sion of cancer [23–29].

Although the accurate assessment of unfavorable histo-

logical features is crucial, the positive predictive value of

these features is not satisfactory. In a previous study of 390

patients with submucosal CRC, positive predictive value of

lymphatic vessel infiltration for poor clinical outcome such

as recurrence was 44.4 %. Those for poor grading of tumor

stage and incomplete endoscopic resection were 42.9 and

19.6 %, respectively [30]. Another study showed the inci-

dence of lymph node metastasis was only 1.2 % even in

case of submucosal CRC with invasion depth of 1,000 lm
or deeper if they did not show poor differentiation, vascular

invasion, and high grade tumor budding [31]. Therefore,

although precise evaluation of unfavorable histological

features is important to identify patients with risk of

recurrence, we need further useful predictors for poor

clinical outcome to minimize unnecessary additional sur-

gery after endoscopic resection of submucosal CRC.

While the shape and location of tumors were not dif-

ferent between the two groups, the tumor size was larger in

the surgical resection group than the endoscopic resection

group. Endoscopic resection of large colorectal tumors is

technically demanding, especially in the case of en bloc

resection, which may have skewed the tumor size toward

larger tumors in the surgery group. Recently, endoscopic

submucosal dissection has been successfully performed to

resect large colorectal tumors in an en bloc fashion [14, 32,

33]. Because accurate histopathological evaluation of

resected specimen is difficult and local recurrence is

Table 4 Review of five recurrence cases after endoscopic or surgical resection of tumors reported initially as superficial submucosal CRC with

favorable histology

Age

(year),

sex

Initial

treatment

Location Size

(mm)

Shape Time to

recurrence

(months)

Type of

recurrence

Pathology review of

initial resection

specimen

Treatment after

recurrence

Follow-up

status

64, male Endoscopic

piecemeal

resection

Sigmoid

colon

15 IIa 20 Local

recurrence at

endoscopic

resection site

Presence of PD

cancer cluster

Re-endoscopic

resectiona
Alive with

NED

47, male Endoscopic

en bloc

resection

Descending

colon

30 Ip 40 Metastatic

recurrence at

distant lymph

nodes

Presence of

lymphovascular

invasion

Chemotherapy Alive with

residual

cancer

64,

female

Surgical

resection

Rectum 35 Is 6 Local

recurrence at

anastomosis

site

Presence of tumor

budding

Re-operation

and

chemotherapy

Expired from

cancer

progression

73, male Surgical

resection

Ascending

colon

25 LST 23 Metastatic

recurrence at

distant lymph

nodes

Presence of PD

cancer cluster

Chemotherapy Alive with

residual

cancer

53, male Surgical

resection

Sigmoid

colon

20 Is 38 Metastatic

recurrence at

lung and liver

Presence of

lymphovascular

invasion and

tumor budding

Chemotherapy Expired from

cancer

progression

CRC colorectal cancer, PD poor differentiation, NED no evidence of disease, LST laterally spreading tumor
a In this case, the recurrent tumor was adenoma at the previous endoscopic resection site. Therefore, re-endoscopic resection was chosen as a

rescue treatment
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common after piecemeal resection, piecemeal resection

may not be a good option for management of superficial

submucosal CRC. In our study, 89.7 % of cases were

resected as en bloc and only 10.3 % were resected as

piecemeal. Thus, we suggest that en bloc resection should

be achieved even in large submucosal CRC cases and

endoscopic submucosal dissection may be useful in this

regard. More widespread use of endoscopic submucosal

dissection in the colorectum in the near future may enable

the inclusion of larger submucosal CRCs in endoscopic

resection group.

There are some limitations to this study. First, the def-

inition of superficial submucosal CRC was not uniform.

We adopted two definitions—sm1 or less than 1,000 lm
from the muscularis mucosa—because the concept of

absolute depth of submucosal invasion of 1,000 lm was

introduced around 2004 [4]. Second, although the follow-

up strategy was similar in most patients, there were some

cases in which surveillance examinations were irregularly

performed. Third, the small number of patients and recur-

red cases limits the power to generalize the results of this

study. Finally, the histological review of resected specimen

was performed only for recurrence cases, which may have

resulted in incorrect inclusion of some cases in our study.

Despite these limitations, we believe that our findings are

meaningful because they provide evidence for the use of

endoscopic resection as the first therapeutic option for

superficial submucosal CRC with favorable histology, with

long-term outcomes similar to those of surgical resection.

In conclusion, the long-term prognosis after endoscopic

resection of superficial submucosal CRC with favorable

histology may be comparable to that after surgical resec-

tion. Intimate collaboration with the pathology department

is required for more accurate initial histopathological

evaluation of endoscopically resected specimens to cor-

rectly assess the presence of unfavorable histological fea-

tures and to determine the necessity of additional surgical

resection.
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