
Introduction
Submucosal tumors (SMTs) are lesions of the digestive tract lin-
ing beneath the epithelium. Greater knowledge and technical
progress have enabled an increase in the detection rate for
esophagogastric or duodenal lesions, with a reported incidence

of 0.76% [1]. SMTs can include tumors with potential malignant
behavior, such as gastrointestinal stromal tumors (GISTs) and
neuroendocrine tumors (NETs) (to be monitored or resected),
or benign tumors, such as leiomyomas, lipomas or ectopic pan-
creatic tumors (not to be monitored) [2]. Differentiating malig-
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ABSTRACT

Background and study aims The histologic diagnosis of

submucosal tumors (SMTs) < 20mm is challenging. Moni-

toring is the main option offered, but compliance is debata-

ble. Endoscopic resection (ER) of malignant SMTs or those

with an uncertain diagnosis is an alternative that has al-

ready been reported about and proposed in our center.

The aims of this study were to confirm the safety of this re-

section strategy and to perform long-term follow-up of ma-

lignant SMTs after resection.

Patients and methods All patients who underwent ER for

SMTs <2 cm in a single center between 2007 and 2019 were

included retrospectively. Patients were classified into two

groups according to the need for postresection follow-up:

benign SMTs (B-SMTs) and follow-up SMTs (FU-SMTs).

Results One hundred and one patients were included. The

mean tumor size was 16.7mm. In total, 92 of 101 SMTs had

an uncertain diagnosis. Macroscopic resection was comple-

ted for 95 SMTs (93.1%), with en bloc resection in 94

(92.1%). The morbidity rate was 3%, with no mortality. A

total of 84 of 101 SMTs (84%) were B-SMTs and did not

need monitoring, and 17 SMTs (19.7%) were FU-SMTs (8

gastrointestinal stromal tumors, 6 neuroendocrine tumors,

and 3 others). No relapse was reported in the FU-SMT

group, with a median follow-up duration of 33 months [4–

127] (61 months [17–127] for the gastrointestinal stroma

tumor group).

Conclusions The study results suggest ER is a potentially

reliable and effective strategy for upper gastrointestinal

tract SMTs <20mm. Although the strategy needs further

validation in advanced care units, it could eliminate the

need for long-term monitoring, therefore targeting such

follow-up efforts to patients with FU-SMTs.
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nant (or potentially malignant) and benign SMTs can be chal-
lenging and yet essential for follow-up.

A morphologic echo-endoscopic (EUS) evaluation (size,
echogenicity, and layer location) is helpful in typical cases,
with an EUS diagnostic accuracy of 88.3% for SMTs with a
mean size of 25mm. However, it may not be sufficient for smal-
ler tumors, with an accuracy of 45% for SMTs with a mean size
of 13.6mm (range 8 to 20mm) [3, 4]. Pathology can be obtain-
ed with endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA), with a low rate of adverse events (AEs), ranging
from <1% to 2.5% [5, 6]. However, their accuracy is not excel-
lent, with a pooled rate of 59.9% [7]. The accuracy of EUS-FNA
for a mean tumor size of 21mm ranges from 49% [8] to 78%
[4], while that of EUS -guided fine-needle biopsy (EUS-FNB)
ranges from 76% [9] to 88% [10]. However, EUS-FNA is possible
in only 46% of gastric SMTs with a mean size of 20mm [11].

Diagnostic doubt, therefore, may persist after the initial as-
sessment. As a result, many SMTs (benign and malignant) re-
quire regular endoscopic monitoring. Because compliance
with follow-up guidelines is poor [12, 13], a monitoring strate-
gy can be questioned.

Therefore, the policy of our unit is to perform endoscopic re-
section (ER) for small SMTs with a malignant diagnosis and
small SMTs with an uncertain diagnosis, as reported previously
[14] or proposed by some authors [3].

The aim of this study was to confirm the safety of these re-
section strategies and to perform long-term follow-up on ma-
lignant SMTs after resection.

Patients and methods
We conducted a single-center, retrospective study between
September 2007 and January 2019 (study: YELLOW SUBMUCO-
SA 2-IPC 2019-013). The inclusion criteria were patients who
underwent ER of SMTs located in the upper gastrointestinal
tract. Computer search software in which artificial intelligence
is used (CONSORE) was used to select patients with the key-
words “submucosal tumor” and “endoscopic resection.” Pa-
tient data were collected from computerized medical records.
Missing data and recent follow-up data were collected by ques-
tioning the patients’ general practitioners and gastroenterolo-
gists. Data collection was anonymous and performed by a prac-
titioner in the unit, though not one of the endoscopists working
in the unit.

The pretherapeutic data collected were patient birthdate,
sex, American Society of Anesthesiologists score, tumor size,
EUS evaluation, and suspected diagnosis. The peritherapeutic
data collected were the type of technical resection performed
(endoscopic mucosal resection [EMR], endoscopic submucosal
dissection [ESD], or hybrid resection [HR] that combined ESD at
the edges of the lesion followed by EMR for final central resec-
tion), endoscopic success (complete and one-piece characteris-
tics of ER evaluated by the operator) and AEs (morbidity and
mortality). The post-therapeutic data collected were the histo-
logical results, quality of lateral and vertical histological mar-
gins of the tumors, need for a complementary treatment

(endoscopic, medical or surgical), relapses, and malignant le-
sion follow-up.

R0 was defined as a microscopically negative margin that did
not require a free edge of 1mm. R1 was defined as a microsco-
pically positive margin. If the pathologist was not confident in
determining the resection margin to be free of tumor, it was re-
ported as doubtful. If the margin of resection was not read, the
margin was referred to as not reported.

Biopsy and the method of resection did not conform to pro-
tocols and were decided upon by the practitioner. The indica-
tion for ER was an uncertain diagnosis with patient assent or a
malignant diagnosis.

Complications before and after endoscopy as well as their
management were reported and graded according to the Cla-
vien-Dindo classification [15]. Morbidity was defined as the
rate of complications in the month following ER. Mortality was
defined as the rate of death in the month following ER. Follow-
up began the day of ER.

Based on definitive histology, patients were classified into
two groups according to the need for postresection monitor-
ing: benign SMTs (B-SMTs) and follow-up SMTs (FU-SMTs).

This study was conducted and monitored under institutional
review board approval.

Data are summarized as counts and frequencies for catego-
rical endpoints and as medians [min-max] or means (standard
deviations) for quantitative endpoints. Frequencies were deter-
mined on the basis of available data for the selected character-
istic.

Results
Preoperative assessment

One hundred and one patients (53 women, median age 60
years) who underwent ER of SMTs were included. The mean
EUS tumor size was 16.7mm (range 6 to 35mm). Patient base-
line characteristics are summarized in ▶Table 1. The locations
of the tumors were the stomach (n =67, 65.7%), duodenum
(n=20, 19.6%), and esophagus (n =15, 14.7%). Fifty-seven
(55.9%) SMTs were found in the third EUS layer.

Biopsy was performed in 37 patients (36.3%) (▶Fig. 1). In 27
of 37 patients, biopsies did not give adequate samples. In only
10 of 102 patients, SMTs with a pretherapeutic diagnosis were
removed (2 NETs, 3 GISTs, 1 lesion with low-grade dysplasia,
and 2 esophageal granular cell tumors) at patient request. In
92 of 102 patients, SMTs were removed because of an uncertain
diagnosis. On endoscopic and EUS data, the diagnosis of GISTs
was suspected for 19 of 92 SMTs, and the diagnosis of NETs was
suspected for 22 of 92 SMTs.

Perioperative assessment

EMR was performed on 46 patients (46%), ESD on 32 (32%),
and HR on 23 (23%). Macroscopic resection was completed for
95 patients (94%), with en bloc resection in 94 (93%) (▶Ta-
ble 2).

Periendoscopic bleeding occurred in 11 patients (10.9%)
treated with hot biopsy forceps and in one patient treated
with puraStat. Eight cases were in the stomach, two were in
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the duodenum, and one was in the esophagus. No patient re-
quired transfusion. A perforation (target sign) was preventively
treated with a clip. Standard resection without complications
was considered because perioperative bleeding and preventive
closure are classically not considered complications if there is
no consequence for the patient.

The morbidity rate was 3% (3 of 101), with no mortality. One
grade IIIB complication (requiring intervention under general
anesthesia) was reported because delayed bleeding (J10) re-
quired a new endoscopic intervention (a clip and Hemospray).
Two grade I complications (no deviation from the normal post-
operative course) (2 type IV gastric perforations) were reported
and managed with a perioperative clip and antibiotics, and the
patients were discharged from the hospital the day after resec-

tion. One of these patients also experienced a grade 1 anaphy-
lactic reaction to amoxicillin clavulanate.

Postoperative assessment

Eighty-four (83%) of the 101 SMTs were benign lesions (B-
SMTs), and 17 (17%) were malignant tumors or had uncertain
malignant evolution (FU-SMTs). A duodenal surgical specimen
could not be recovered after resection and was considered a
malignant lesion. The histological assessment results and ana-
tomical locations of B-SMTs and FU-SMTs are summarized in

▶Table 3 and ▶Table 4.
In the case of no FNA attempt, the sensitivity for malignancy

was 50%, the specificity was 62%, and the accuracy was 60%. In

▶Table 1 Pretherapeutic assessment.

Characteristic Statistics

Sex Female 53 (51.96%)

Male 48 (48.04%)

Median age [min–max] 60 [22–85]

ASA score 1 38 (37.6%)

2 46 (45.5%)

3 16 (16.8%)

Location Gastric 66 (65.7%)

Esophagus 15 (14.7%)

Duodenum 20 (19.6%)

Median size on EUS (range) 15 (6–35)

Median pathology sign (range) 12 (5–38)

Biopsy 37 (37%)

ASA, American Society of Anesthesiologists; EUS, endoscopy ultrasound.

101 SMT

No FNA 64

High suspicion of malignancy 
26

FU SMT
4

B SMT
22

FU SMT
4

B SMT
34

FU SMT
5

B SMT
2

FU SMT
1

B SMT
2

FU SMT
3

B SMT
24

Uncertain diagnosis
38

Contributive FAN
10

Malignant 7 Benign 3

Noncontributive FNA
27

FNA 37

▶ Fig. 1 Flowchart of SMT<2 cm with uncertain diagnosis.

▶Table 2 Pretherapeutic assessment (resection results) in all patients
and those with FU-SMTs.

Characteristic All (n =101) FU-SMTs

(n=17)

Endoscopic resection ESD 32 (32%)  9 (50%)

EMR 46 (46%)  4 (25%)

HR 23 (23%)  4 (25%)

ESD material Dual Knife 23 (54.8%)  7

Flex Knife 11 (26.2%)  4

It Knife  6 (14.3%)  1

Sumius Sb
Knife

 2 (4.7%)  1

Macroscopic complete
endoscopic resection

95 (94%) 17 (100%)

Piece meal resection  3 (2.9%)  2 (12%)

En bloc resection 94 (93%) 15 (85%)

FU-SMT, follow-up submucosal tumor; ESD, endoscopic submucosal dissec-
tion; EMR, endoscopic mucosal resection.
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▶Table 3 Histological diagnosis according to SMT location.

Histological diagnosis Duodenum

(n=20)

Stomach

(n=66)

Esophagus

(n =15)

M-SMT GIST  7 (10.5%)  1 (7%)

NET 3 (15%)  3 (4.5 %)

Synovial sarcoma  1 (1.5 %)

Lost lesion 1 (5%)

Metaplasia  1 (1.5 %)

B-SMT Focal inflammatory tissue 1 (5%) 16 (23.9%)

Ectopic pancreas 1 (5%) 13 (19.4%)

Leiomyoma 1 (5%)  6 (9%)  4 (27%)

Esophageal granular cell tumor 10 (67%)

Inflammatory fibrous polyp 1 (5%)  9 (13.4%)

Brunner's gland hyperplasia 7 (35%)

Lipoma 4 (20%)  2 (3%)

Hyperplasic polypoid  3 (4.5 %)

Schwannoma  1 (2%)

Other1 1 (5%)  4 (6%)

SMT, submucosal tumor; M-SMT, malignant submucosal tumor; GIST, gastrointestinal stromal tumor; NET, neuroendocrine tumor; B-SMT, benign submucosal tu-
mor.
1 Hamartoma, lymphangioma, calcifying fibrous tumor, duodenum duplication, fibrinoid tumor, angioma.

▶Table 4 Ultrasonography location in the gastrointestinal wall according to the original layer on EUS.

Histological diagnosis Indeterminate

(n =34)

Muscularis propria

((n=11)

Submucosa

(n =57)

M-SMT GIST 3 (8.8%) 2 (18.2%)  3 (5.3%)

NET 1 (9.1%)  5 (8.8%)

Synovial sarcoma 1 (2.9%)

Lost lesion  1 (1.8%)

Metaplasia  1 (1.8%)

B-SMT Focal inflammatory tissue 7 (20.6%) 10 (17.5%)

Ectopic pancreas 5 (14.7%)  9 (15.7%)

Leiomyoma 4 (11.8%) 3 (27.3%)  4 (27.3%)

Abrikosoff tumor 6 (17.7%)  4 (7%)

Inflammatory fibrous polyp 1 (2.9%) 1 (9.1%)  8 (14%)

Brunner's gland hyperplasia 2 (5.9%)  5 (8.8%)

Lipoma 2 (5.9%) 1 (9.1%)  3 (5.3%)

Hyperplasic polypoid 1 (9.1%)  2 (3.5%)

Schwannoma 1 (9.1%)

Other1 3 (8.8%) 1 (9.1%)  2 (1.8%)

EUS, endoscopic ultrasound; M-SMT, malignant submucosal tumor; B-SMT, benign submucosal tumor.
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four of 38 cases, a benign lesion was suspected on EUS data,
while ER revealed malignant tumors. In 22 of 26 cases, malig-
nancy was suspected on EUS data, while ER revealed benign tu-
mors. The diagnosis of three of eight GISTs was not suspected
on EUS data (one ectopic pancreas and 2 SMTs without a diag-
nosis). Of the six NETs resected, one was confused with a GIST
on EUS data. Among the 10 SMTs with preoperative histology
resected, two were false positive (one inflammatory mucosa
mistaken for low-grade dysplasia and one inflammatory muco-
sa mistaken for a GIST).

In the FU-SMT group, macroscopic resection was complete
for all patients, with en bloc resection in 15 of 17 (85%). One
GIST that underwent en bloc resection was split into 13 frag-
ments during recovery of the endoscopic specimen. En bloc re-
section was performed for four of six NETs (66.6%) (▶Table 2).
Resection characteristics were available for 16 of 17 patients.
The initial histological resection revealed R0 for both lateral
and vertical margins in nine patients (53%), R1 in four patients,
and unknown in four patients. Regarding GISTs, three of eight
were R0, two were R1, and three were unknown. Concerning
NETs, two of six were R1 in the vertical margin and six of six
had free lateral margins. Two patients underwent partial gas-
trectomy: one for an intermediate-risk gastric GIST (6 of 50 mi-
toses; Ki-67 10%) and one for a gastrinoma G2 NET (Ki-67 3%).
A patient with a G1 type 1 NET (gastric chronic gastritis) that
was R1 underwent endoscopic re-excision of the scar 2 months
later without a residual tumor on the final report. One patient
with a GIST at a low risk of recurrence but an R1 vertical margin
who refused surgery was treated with endoscopic re-excision of
the scar and a 36-month course of imatinib (without a residual
tumor).

In the B-SMT group, two symptomatic relapses were noted:
one patient developed anemia 1 year after he underwent HR for
a hyperplasic polyp and one patient developed a hemorrhage
on a recurrent hamartoma 2 years after the initial resection.

In the FU-SMT group, after a median follow-up duration of
33 months [4–127], no recurrence was found.

According to the Fletcher and Joensuu classification, seven
GISTs had a low or very low risk of recurrence, and one had an
intermediate risk of recurrence. Of the seven GISTs followed
after ER and one after endoscopic and surgical resection, no re-
currence occurred after a median follow-up duration of 61
months [17–127].

Discussion
Our study highlights that the rate of benign lesions is high
(80%, 82 of 101) for SMTs <2 cm after an inconclusive EUS eval-
uation and an uncertain diagnosis. However, even though this
rate of benign lesions is high, malignant lesions could be un-
diagnosed, so follow-up remains necessary. The final diagnosis
obtained with ER in our series was safe (morbidity < 3%). Pa-
tients with benign lesions are no longer followed up, and our
follow-up period for malignant lesions was probably long e-
nough to conclude that ER for malignant lesions is not an onco-
logic issue. A new strategy for SMT<2 cm could be proposed
(▶Fig. 2).

An EUS evaluation for small SMTs is not reliable according to
the literature [3, 4, 16]. Contrast-enhanced harmonic endos-
copy has a diagnostic accuracy that ranges from 60% to 89%
for discriminating benign SMTs and GISTs > 30mm. Neverthe-
less, its value for smaller tumors is probably not as reliable be-
cause of the lack of enhancement on smaller SMTs [17, 18]. The
muscular proprio (fourth layer) is the main site of GIST. How-
ever, localization in the muscularis mucosae (third layer) is also
possible, increasing diagnostics difficulties for GIST [19].

EUS diagnosis

The accuracy of EUS is debatable. We included only SMTs with
an uncertain diagnosis, which decreased the accuracy because
many typical lipomas (4% in our study vs 14% in the literature)
[18] or cases of ectopic pancreas were excluded. Therefore, the
accuracy of EUS represents the accuracy when the operator is
not certain of the diagnosis (i. e., an uncertain diagnosis is re-
corded). Moreover, ER of SMTs was left to the discretion of the
operators. Some SMTs were followed up, but data for these pa-
tients were not available. The retrospective design is a limita-
tion of the current study.

Our low rate of EUS biopsies (37%) could be explained by the
small size of the lesions. We must keep in mind that the feasibil-
ity of EUS-FNA is low (46%) because of the sizes and locations of
SMTs [11]. Incisional biopsies were not performed. Incisional or
stacked biopsy offers greater accuracy (90%) for tumors with a
mean size ranging from 20.3mm to 25mm [8], but their AE rate
can reach 10% [9].

The grade and management of NETs are based on the Ki-67
index. ER is recommended for type 1 gastric NETs and shows
excellent overall outcomes, since the 24-month recurrence-
free survival rate is 100%. The ER approach allows proper discri-
mination between aggressive g-NETs and others for which

Endoscopy: 
SMT’s detection

EUS

Uncertain diagnosis

EUS-FNA/B

Diagnosis

Appropriate care

* Excluding SMT’s loated deep in muscularis propria or with serosal  
side growth

Endoscopic resection

▪ Confirm submucosal location
▪ Excludes extra GI tract 
 compression, cyst, varices, 
 lymphangioma ...

Size <20 mm
& accessible*

▶ Fig. 2 Proposed decision algorithm.
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curative treatment with ER is an option. In our study, two of
four NETs had an underestimated Ki-67 index and one had an
underestimated grade (G1 on biopsy, G2 on the surgical speci-
men) [20, 21].

For duodenal NETs, optimal management has long been de-
bated because their natural history is poorly understood. ER has
proven effective and safe for lesions < 10mm and is an option
for tumors <20mm if the lesions are confined to the submuco-
sal layer and without lymph node or distant metastasis. ER is
mostly curative because 50% to 75% of d-neuroendocrine neo-
plasms (NENs) are well differentiated; otherwise, ER provides
complete histology and appropriate management [21]. A lim-
itation of this management is the low rate of endocrine tumors.
We only took into account NETwith negative standard biopsies.
And most of NETs can be diagnosed with standard biopsies.

GISTs are rare, with an incidence of 10 to 15 per million per
year [22], but they are the most common mesenchymal tumors
in the gastrointestinal tract. GISTs are a poorly known type of
tumor with an unpredictable and variable evolution and prog-
nosis. The latest European standard recommendations consist
of an endoscopic ultrasound assessment and conservative life-
long follow-up because of the potential for malignancy evolu-
tion. Excision is recommended when a tumor increases in size
or becomes symptomatic [23]. On one hand, we know that mi-
croGISTs (1.5mm) are not rare and detected in 35% of patients
in surgical series of 100 patients with gastrectomy [24]. On the
other hand, we know that 8.5% to 25% of upper gastrointesti-
nal SMTs 30mm and 55% of gastric GISTs > 9.5mm show signif-
icant size increments at median follow-ups of 24, 30, and 36
months, respectively [25, 26]. Their growth is not linear and
can occur up to 60 months after detection [1]. However, an evi-
dence-based optimal surveillance policy is lacking, and compli-
ance with follow-up guidelines is poor: Only 45% of patients
complete follow-up after 17 or 30 months [12, 13]. GISTs with
a diameter < 20mm and a mitotic index <5 of 50 high-power
fields are not believed to present any risk of lymph node exten-
sion regardless of their anatomical location [27, 28]. As a result,
because of a potential uncertain diagnosis, patients lost to fol-
low-up, and high potential for evolution, early endoscopic man-
agement is challenging.

R1 resection seems to have no influence on disease-free sur-
vival or the recurrence of GISTs [29–32]. As a result, an R1 re-
section margin that is noninterpretable does not seem to be a
carcinologic issue. Avoiding pseudocapsule rupture seems
more important than R0 resection [29]. Pseudocapsule rupture
is an independent poor prognostic factor for GISTs with a high
risk of peritoneal or hepatic recurrence [33]. Digestive spread
probably presents less of a risk. In our experience, R0 was not
obtained for all cases, and one GIST that underwent en bloc re-
section was split into 13 fragments during recovery of the
endoscopic specimen. An R1 or doubtful margin should not im-
pact carcinologic issues in the case of en bloc resection, and
fragmentation of a GIST during recovery probably has little im-
pact because ER occurs in the lumen of the digestive tract but is
a limitation and should be avoided. A major limitation of ER is
the type of GIST. GISTs can be classified according to their loca-
tion in the gastric wall: type I GISTs are those with a very narrow

connection with the proper muscle layer and protrude into the
luminal side like a polyp; type II GISTs have a wider connection
with the proper muscle layer and protrude into the luminal side
at an obtuse angle; type III GISTs are located in the middle of
the gastric wall; and type IV GISTs protrude mainly into the ser-
osal side of the gastric wall [34]. Complete ER of small type I
and II and accessible type III GISTs for treatment is acceptable.
Inaccessible GISTs were excluded from our study, which is a lim-
itation.

The retrospective design of the present study limited the re-
section specimens. ER was performed when it was possible.
GIST type III were not resected and we do not know in how
many cases GISTs were type III. Only malignant lesions or le-
sions with uncertain diagnosis were resected. Therefore, sensi-
tivity and specificity of pretherapeutic assessment was difficult
to evaluate. As a result, conclusion, about management with ER
of TSM have to made cautiously.

Another limitation was the inclusion of mixed esophageal,
stomach, and duodenal lesions. Complications of resection are
not the same, duodenal resection must be done very carefully,
and frequency of pathological piece resection differs depend-
ing on lesion location. This should be investigated further with
more patients.

The protocol for ER was left at to endoscopist discretion and
evolved from the beginning of the study to the end of the
study. ESD started being performed in the unit in 2006 and im-
provements in the technique are ongoing. That could be a lim-
itation because all these procedures represented in the present
study probably should have been performed by ESD. Perform-
ing ESD should improve ER and avoid piecemeal resection of
malignant lesions. Endosopic full-thickness resection or tunnel-
ing techniques may be options but they were not used in this
study. Those options may be chosen, depending on lesion loca-
tion (esophagus, stomach, duodenum) [35].

The strengths of this study are the 4-year duration and the
good level of compliance. The risk of recurrence after surgery
is highest within 2 years, and the majority of recurrences oc-
curred within 5 years, but recurrences after 10 years are possi-
ble [36]. Therefore, longer follow-up is needed. Diagnostic ER
should be studied prospectively to validate its safety and effica-
cy.

Conclusions
This retrospective observational study suggests that ER for up-
per gastrointestinal tract SMTs <20mm is a potentially reliable
and effective strategy. Given the insufficient accuracy of EUS or
biopsy, ER might be an option for both complete histological
examination and definitive cure of malignant lesions. The mor-
bidity rate in selected cases seems to be low in expert’ hands.
Although this strategy is not yet considered standard manage-
ment and needs further validation in advanced care units, its
use has potential to eliminate monitoring of benign lesions.
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