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Abstract

Background and aims Piecemeal endoscopic mucosal

resection (EMR) of large nonpedunculated colorectal ade-

nomas is associated with significant recurrence rates. After

salvage endoscopic treatment of recurrences, there is a

significant rate of second recurrences. There is a paucity of

data on the efficacy and safety of continued endoscopic

treatment after a second recurrence.

Methods Consecutive patients with recurrent adenomas

after initial piecemeal EMR of nonpedunculated colorectal

adenomas [2 cm were reviewed. We assessed the feasi-

bility, safety and efficacy of continued endoscopic treat-

ment in these patients.

Results Sixty-four patients with 70 recurrent lesions were

identified. All were retreated endoscopically. Follow-up

colonoscopy (mean interval 6.4 months) was performed on

62/70 lesions (89 %), and a second recurrence was found in

21/62 (34 %). One patient underwent surgery for a cir-

cumferential adenoma of the ileocecal valve. The other 20

lesions were treated endoscopically. Follow-up colono-

scopy was performed on 15/20 (75 %) and demonstrated a

third recurrence in 3/15 (20 %). One was a deep T1 cancer;

curative surgery was performed. The other two patients

each had one additional endoscopic treatment and both had

no recurrence on subsequent colonoscopy. There were two

complications: Both were delayed bleeds after treatment of

the first recurrence. A mean of 1.3 endoscopic procedures

was required to achieve a cure (range 1–3) for recurrent

adenomas after piecemeal EMR.

Conclusion Endoscopic treatment of patients with second

recurrences is safe and effective, but is associated with a

significant rate of additional recurrences. Continued

endoscopic treatment of patients with multiple recurrences

is associated with high cure rates, low complication rates

and a low risk of progression to malignancy.

Keywords Colonic polyps � Colonoscopy � Colorectal
cancer

Endoscopic removal of colorectal adenomas reduces the

incidence of colorectal carcinoma (CRC) and CRC-related

mortality [1–4]. Previous cohort and case–control studies

have reported that colon polypectomy reduces the incidence

of CRC by over 40 % [4, 5]. In spite of the advantage con-

ferred by colonoscopy and polypectomy, the rate of CRC

detected in the interval between scheduled surveillance

colonoscopies varies from 3.7 to 9.0 % [6–8]. Local recur-

rences after piecemeal endoscopicmucosal resection (EMR)

or incomplete endoscopic resection are likely responsible for

a significant portion of these incident cancers [9].

Reported local recurrence rates after endoscopic resec-

tion of colorectal lesions vary widely, but are generally

higher for lesions that are removed piecemeal rather than

en bloc. Recurrence rates of 5–30 % are commonly

observed after piecemeal EMR of nonpedunculated col-

orectal adenomas larger than 2 cm [10–15]. Recently,

colorectal endoscopic submucosal dissection (ESD) has

been demonstrated to have higher rates of en bloc resection
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and lower rates of recurrence than conventional EMR, but

the technique is time-consuming, risky and not yet widely

available outside of specialized centers in Asia [16, 17].

Recurrent lesions are difficult to treat endoscopically

due to submucosal fibrosis that develops within a few

weeks of endoscopic treatment. We previously reported

that prior lesion manipulation including biopsy, partial

snare resection and tattooing has significant deleterious

effects on subsequent endoscopic treatment: lowering en

bloc resection rates and raising recurrence rates [18]. In our

prior study, we observed a recurrence rate (for endoscopic

treatment of nonpedunculated lesions larger than 2 cm) of

7.7 % for lesions that had no prior manipulation, 41 % for

lesions that had previously undergone biopsy (typically

multiple large capacity biopsies performed during screen-

ing colonoscopy by the referring endoscopist) and 54 % for

lesions that had previously undergone partial snare resec-

tion or tattoo placement within the lesion. Several endo-

scopic methods, including repeat conventional EMR,

underwater EMR, ESD and argon plasma coagulation

(APC), have been applied for treatment of recurrent or

residual lesions after EMR [19–27]. ESD and underwater

EMR appear to be superior to conventional EMR in this

setting, with a higher en bloc resection rate and a lower rate

of additional recurrences [21, 23, 26, 27]. However, pre-

vious studies of recurrent or residual lesions after EMR

have generally focused on specific salvage methods or on

the endoscopic treatment itself [19–27]; there is a paucity

of data about clinical outcomes of lesions that recur after

two or more endoscopic treatments. It is therefore unclear

whether continued endoscopic treatment is safe and

effective in this situation.

Methods

Patients and lesions

This two-center retrospective case series was approved by

the Institutional Review Board of Stanford University and

VA Palo Alto Health Care System. Electronic records of all

patients referred to a single interventional colonoscopist

(SF) who practices at both centers (Stanford University

Hospital and VA Palo Alto) were reviewed. All patients

with recurrence after piecemeal EMR of nonpedunculated

colorectal adenomas ([2 cm) between January 2009 and

September 2013 were identified and included in the

analysis.

Procedures

All procedures were performed on an outpatient basis. The

colonoscopies were performed by an endoscopist (SF) with

extensive experience in EMR, who has performed more

than 1000 EMR procedures. Colonoscopies were per-

formed under conscious sedation with nurse-administered

intravenous midazolam and fentanyl. Procedures were

performed using a high-definition colonoscope (Pentax EC-

3490L; Pentax, Montvale NJ or Olympus pcfH180 or

CFH180; Olympus, Center Valley, Pa) with a high-defi-

nition processor (Pentax EPK-I HD or Olympus CV-180

Exera). A cap (Olympus D-201) was placed on the distal

end of the colonoscope to facilitate endoscopic resec-

tion. Lesion size was estimated by opening a snare of

known dimensions adjacent to the lesion. Location of the

lesion was categorized as proximal (cecum to splenic

flexure) or distal (descending colon to rectum). Conven-

tional EMR was performed by using a stiff snare (Traxtion;

US Endoscopy, Mentor, Ohio or SD-230 or SD-210;

Olympus) after submucosal injection of saline solution or

1.5 % hyaluronate. Both solutions were mixed with a few

drops of indigo carmine for staining. Cautery settings were

not standardized.

Underwater EMR was performed in a uniform, stan-

dardized fashion according to the referential study [21, 28].

After reaching the recurrent adenoma, air was evacuated

from the affected segment of lumen by suctioning through

the colonoscope. Subsequently, between 500 mL and 1 L

of water was infused until adequate luminal filling was

achieved for lesion visualization, without over distension.

The margins of the recurrent lesion were identified using

high-definition narrow-band imaging or i-Scan. Underwa-

ter EMR was performed with a duckbill snare (15-mm

AcuSnare; Cook Medical Inc, Bloomington, Ind) using

blended current (DryCut, effect 2, 30 W, ERBE VIO 300

D, Marietta, Ga). In the underwater EMR group, suction

was applied during snare closure if the lesion was difficult

to snare due to fibrosis. En bloc resection was attempted if

technically possible and piecemeal resection was per-

formed when the entire lesion could not be removed in one

piece. Areas of residual lesion that could not be success-

fully grasped and removed using the snare were removed

with a hot biopsy forceps if they were less than 5 mm in

size. Larger areas of residual adenomatous tissue were

ablated using argon plasma coagulation (APC) at a setting

of 40–60 W (ERBE VIO 300 D, Marietta, Ga).

Outcome measurements

The primary outcomes evaluated were the clinical course

including second and third recurrence rates and the feasi-

bility of endoscopic retreatment. Clinical courses were

evaluated by several clinical indices including the cure rate

by salvage endoscopic treatment, mean number of sessions

of salvage treatment for cure, size and histology of recur-

rent or residual lesion of the each salvage session and
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complications. All patients were recommended to undergo

follow-up colonoscopy within 6–12 months except patients

whose life expectancy was estimated at less than 5 years.

Recurrence during follow-up colonoscopy was defined as

adenoma or cancer at the resection site on the follow-up

colonoscopy. Biopsies were routinely obtained from the

scar.

Statistics

When comparing the baseline characteristics of individuals

with two different groups, a Chi-square test and Fisher’s

exact test were used for categorical data, and the Student’s

t test and Mann–Whitney U test were used for continuous

variables, expressed as mean ± standard deviation. A

value of P\ 0.05 with a two-tailed test was considered

significant. Data analysis was performed using SPSS 15.0

for Windows (Chicago, Illinois, USA).

Results

Clinical outcomes of treatment of the first

recurrences

Sixty-four patients with 70 recurrent lesions after piece-

meal EMR for large nonpedunculated adenomas were

identified (Fig. 1). Thirty-six (56.3 %) were male. The

mean age was 68.6 ± 9.7. Fifty-two lesions (74.2 %) were

located in the proximal colon. The mean size of the first

recurrence was 19.2 ± 12.1 mm. Conventional EMR (39/

70, 55.7 %) or underwater EMR (31/70, 44.3 %) was

performed in all patients. En bloc resection was achieved in

24.3 % (17/70) of the cases. Two complications (3 %) of

delayed bleeding occurred; both were treated successfully

with endoscopic hemoclipping. Follow-up colonoscopy

(mean interval 6.4 ± 3.2 months) was performed on 62/70

lesions (89 %). On follow-up, 66 % (41/62) had no

recurrence, while a second recurrence was observed in

34 % (21/61). The mean size of the second recurrences was

10.2 ± 4.8 mm. One of the second recurrences was a cir-

cumferential ileocecal valve adenoma; it was felt to be

unresectable endoscopically and the patient underwent

curative surgery. All of the other second recurrences

(n = 20) were treated endoscopically. Table 1 compares

the lesion and procedural characteristics of first recurrences

that were successfully cured with endoscopic treatment to

those that developed a second recurrence. Underwater

EMR and en bloc resection were more frequent in the

successfully treated lesions.

Clinical outcomes of treatment of the second

recurrences

Additional endoscopic treatment was performed on 20 of

21 lesions that developed a second recurrence (Table 2).

The endoscopic treatment consisted of: underwater EMR

(11/20, 55 %), conventional EMR (6/20, 30 %), hot for-

ceps biopsy (2/20, 10 %) and APC (2/20, 10 %). There

were no complications from any of these procedures. After

treatment, follow-up colonoscopy was performed on 15

(75 %) lesions. Three of the 15 (20 %) had a third recur-

rence. All three lesions were located in the ascending

colon. One patient was found to have a deep T1 cancer and

underwent curative surgery. The two other patients were

successfully treated endoscopically without complications

and had no further recurrence on subsequent colonoscopy.

Overall outcomes

Among 70 lesions that underwent endoscopic treatment for

a first recurrence after piecemeal EMR, a second endo-

scopic treatment was performed on 32 % (20/62) that

underwent follow-up colonoscopy and a third endoscopic

treatment was performed on 13 % (2/15) who returned for

follow-up. The cure rate for endoscopic treatment of the

first recurrence (no adenoma on the follow-up colono-

scopy) was 66 % (41/62). The cure rate for endoscopic

treatment of the second recurrence was 80 % (12/15).

Surgery was performed on 2 of the 70 lesions (2.9 %). In

all, 55/70 lesions (78.6 %) had a demonstrated cure by

endoscopic treatment with mean of 1.3 (range 1–3) pro-

cedures. The lesion size was progressively smaller as the

treatment progressed: Prior to any treatment, the mean

lesion size was 34.5 ± 8.6 mm. The mean size of first

recurrences was 22.2 ± 11.7 mm. The mean size of second

recurrences was 10.2 ± 4.8 mm (P\ 0.001). Figure 2

shows a representative lesion, a 35-mm villous adenoma

that was successfully eradicated after a second recurrence.

Discussion

For retreatment of recurrent lesions after piecemeal EMR

of large ([2 cm) nonpedunculated colorectal lesions, var-

ious endoscopic treatment methods have been utilized

depending on lesion size, morphology, location and insti-

tutional expertise. Recently, colorectal ESD and underwa-

ter EMR have demonstrated good results as salvage

treatment for recurrent lesions with encouraging clinical

outcomes [21, 23, 26, 27].
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As a salvage treatment modality for recurrent lesions

after EMR, ESD has shown excellent outcomes: Only

0–12.5 % of patients develop a second recurrence when

ESD is performed on the first recurrence [23, 26, 27, 29].

En bloc resection rates have varied widely, ranging from

56 to 93.8 % [23, 26, 27, 29]. However, colorectal ESD

requires highly specialized expertise and is still rarely

performed outside of Asia. In contrast, underwater EMR is

a modified EMR technique that utilizes a snare underwater

and is therefore more accessible to Western endoscopists

who have no ESD training. We recently reported that

underwater EMR as a salvage modality for recurrent

lesions had a higher en bloc resection rate (47.2 %) and

lower recurrence rate (10 %) than conventional EMR [21].

However, underwater EMR is a relatively new technique

and has not yet achieved widespread adoption. The most

well-established modality for salvage endoscopic treatment

for recurrent adenomas after piecemeal EMR in the USA is

still repeat conventional EMR [30, 31]. Further recurrence

after initial salvage endoscopic treatment is therefore likely

to continue to be an important clinical problem.

Endoscopic retreatment of recurrent lesions can be

technically challenging. Although the size of the lesion is

often smaller with each incomplete treatment, fibrosis and

scarring induced by cautery can be more severe after each

treatment, making the lesion more difficult to grasp with a

snare. Published data on endoscopic retreatment of second

or third recurrences are very limited. Most prior studies

concentrated on salvage endoscopic treatment of the first

recurrence, with a focus on the potential advantages of

ESD over EMR [23, 26, 27, 29]. The clinical outcome of

recurrent lesions treated by repeated application of EMR is

therefore not well established.

The present study, with 70 lesions from two centers, is

larger than most prior studies of recurrent lesions [23, 26,

27]. In the current study, the second recurrence rate after

initial salvage endoscopic treatment was 34 % and the third

recurrence rate was 20 %. The second recurrence rate of

34 % is relatively high, but it is difficult to compare rates

between different studies because multiple factors such as

lesion size, morphology and tattoo placement involving the

lesion itself can influence recurrence rates. In addition, the

Fig. 1 Flowchart of enrolled patients
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use of ancillary techniques such as APC and hot biopsy

removal could affect the recurrence rates. It is difficult to

evaluate the precise role of these ancillary techniques,

which were typically applied in our study after exhaustive

attempts at snare excision of small remaining areas during

EMR. More aggressive use of hot biopsy or APC could

theoretically reduce recurrence rate but may also raise the

risk of perforation or bleeding.

Our mean follow-up interval after the initial salvage

procedure was 6.4 months (maximal interval was

12 months). It is already known that surveillance colono-

scopy should be performed within 2–6 months in patients

with sessile adenomas that are removed piecemeal. How-

ever, subsequent surveillance is recommended to be indi-

vidualized, based on the endoscopist’s judgment [32]. Our

study suggests that a second surveillance within 6 months

after the initial salvage procedure is appropriate.

In spite of our short-term follow-up colonoscopy inter-

vals, one T1 cancer was found after endoscopic treatment

of a second recurrence. The lesion was diagnosed as a

tubular adenoma on the initial colonoscopy. High-grade

dysplasia was found on subsequent endoscopic procedures,

but the lesion was not cured by these repeated endoscopic

treatments and advanced to T1 cancer on follow-up

4 months after treatment of the second recurrence. This

case highlights the need for continued surveillance of

recurrent lesions.

Up to 6 % of recurrent or residual lesions after EMR

have been treated surgically in previous studies [23–27].

In the current study, a total of 2.9 % of lesions

eventually underwent surgery—one because of progres-

sion to T1 cancer and one because of inability to resect

a large adenoma with circumferential involvement of the

ileocecal valve. Prior studies have also reported higher

complication rates: bleeding rates of up to 16 % and

perforation rates of up to 15 % during salvage ESD [23,

26, 27, 29]. Even in the salvage EMR method, a 2 %

perforation rate has been reported. However, in the

current study, only two cases (3 %) of delayed bleeding

occurred, both during treatment of a first recurrence.

There were no perforations. Overall, our data suggest

that recurrent lesions can be treated safely and effec-

tively, with a low incidence of complications and only

rare cases of endoscopic failure requiring surgery.

There are some limitations of our study. First, this study

was a small-scaled retrospective case series based on our

experience. Although we enrolled consecutive cases of

recurrent adenoma over a 4-year period, the number of

cases is relatively small to generalize our outcomes. Fur-

thermore, all of our data were based on single expert

endoscopist’s experience. Follow-up data were incomplete,

and there are still some patients awaiting surveillance

colonoscopy; a considerable portion of patients (18.6 %,

13/70) did not undergo complete follow-up. To generalize

our results, a larger study involving multiple endoscopists

with more complete follow-up is required.

In conclusion, second recurrences after endoscopic

treatment of recurrent large nonpedunculated colorectal

adenomas can be treated endoscopically with high cure

rates, low complication rates and a low risk of progression to

Table 1 Clinical outcomes of endoscopic treatment of first recurrence (62 lesions with follow-up)

Failure: developed second

recurrence (n = 21, 34.4 %)

Success: no second recurrence

(n = 41, 67.2 %)

P value

Size (mean ± SD) (mm) 23.2 ± 12.5 17.9 ± 12.0 0.107

Location (%) 0.29

Proximal 17 (37.8) 28 (62.2)

Distal 4 (23.5) 13 (76.5)

Procedure method (%) 0.04

Underwater EMR (n = 29) 6 (20.7) 23 (79.3)

Conventional EMR (n = 33) 15 (45.5) 18 (54.5)

Argon plasma coagulation (%) 0.059

Yes (n = 28) 13 (46.4) 15 (53.6)

No (n = 33) 8 (23.5) 26 (76.5)

En bloc resection 0.025

En bloc resection (n = 13) 1 (7.7) 12 (92.3)

Piecemeal resection (n = 48) 20 (40.8) 29 (59.2)
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malignancy. Continued endoscopic surveillance should be

performed until eradication of the lesion is demonstrated.
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