
Introduction
Schwannomas are slow-growing, mostly benign tumors origi-
nating from the Schwann cells that create nerve sheath. Their
typical location includes peripheral nerves, the spinal cord,
and the central nervous system [1]. They also have been report-
ed to occur at other locations of the body, including the head,

neck, mediastinum, retroperitoneum, and pelvis [2]. Gastroin-
testinal tract schwannomas are rare and represent about 2.0%
to 6.0% of all mesenchymal tumors [3]. The most common site
of gastrointestinal schwannomas is the stomach (60.0%–
70.0%), followed by the colon and rectum (3.0%) [4–7]. Small
intestinal, esophageal, and pancreatic schwannomas are very
sporadic [8]. Although rare, gastrointestinal schwannomas
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ABSTRACT

Background and study aims Data are lacking on the nat-

ural history of gastrointestinal tract schwannomas. We

aimed to study the natural history of all gastrointestinal

schwannomas including location, diagnosis, management,

and long-term outcomes.

Patients and methods Patients with a pathological diag-

nosis of gastrointestinal schwannoma between January

2000 and March 2020 were identified. Data on baseline de-

mographics, presentations, associated malignancies, ma-

lignant transformation, treatment, and recurrence were

collected.

Results Our cohort consisted of 44 patients with a mean

age of 58.6 years, with 63.6% women and 84.1% White.

The stomach (38.6%) was the most common location fol-

lowed by the colorectum (31.8%). Only 22.7% of patients

were symptomatic and 22.0% had a personal history of

other malignancies. Tissue diagnosis was obtained via

endoscopy in 47.7% and from surgical pathology in 52.3%.

On histology, 65.9% of the tumors were solid, 11.4% had

mixed features, and 2.3% had necrosis. SP100 was tested

in all but one patient and was positive in all. Mean Ki-67 in

12 patients with tumors measuring≥2 cm was 3.0% indicat-

ing a low proliferation rate. Of the patients, 77.3% had sur-

gery and 18.2% underwent endoscopic resection. At a

mean follow-up of 5.0±4.31 years, there was no malignant

transformation, recurrence or mortality associated with

gastrointestinal schwannomas.

Conclusions Gastrointestinal schwannomas are diag-

nosed in the fifth to sixth decade with predominance in

women and Whites. They are benign, mostly asymptomat-

ic, and diagnosed incidentally. Asymptomatic gastrointesti-

nal schwannomas including lesions ≥2 cm in size do not ap-

pear to need further monitoring or intervention. Patients

with them should be counseled to remain up to date with

routine screening guidelines pertaining to the colon,

breast, and lung cancer due to the high incidence of con-

comitant malignancy.
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should be considered in the differential diagnosis of gastroin-
testinal submucosal/mesenchymal lesions such as gastrointes-
tinal stromal tumors (GISTs), leiomyoma, leiomyosarcoma or
colorectal cancer, and melanoma [9, 10]. It is important to ac-
curately diagnose these lesions as some of these (e. g. GISTs)
carry a malignant potential and can recur, while others
(schwannomas or leiomyoma) are relatively benign in nature
[11]. Preoperative differentiation is difficult as endoscopic and
radiological findings are nonspecific, but histological and im-
munological features are of paramount importance to diagnose
and distinguish benign and malignant schwannomas, and other
stromal tumors of malignant nature [8].

Schwannomas in the gastrointestinal tract occur more fre-
quently in the fifth to sixth decade of life and tend to have fe-
male predominance [7, 8]. Most patients with gastrointestinal
schwannomas are asymptomatic and diagnosis often is inciden-
tal [8]. With the widespread use of endoscopic and imaging
modalities, the incidence of gastrointestinal schwannomas is
on the rise but exact data on their prevalence are still lacking.
When symptomatic, depending on the location they can pres-
ent as abdominal pain, bleeding, dyspepsia, obstruction,
weight loss or nausea and vomiting [6–8, 10, 12, 13]. Gastroin-
testinal schwannomas are mostly benign with very few cases of
malignant transformation [13–16]. Historically, surgical resec-
tion has been the mainstay of therapy [8, 15]. But recently,
endoscopic resection for small tumors has been shown to be
safe and effective with a favorable long-term outcomes [17].
Due to the benign nature of gastrointestinal schwannomas,
endoscopic or imaging surveillance has been proposed for
small (< 2 cm) schwannomas but there is no clear consensus on
these recommendations [17, 18]. With the rising use of endo-
scopic and imaging modalities and morbidity and cost associat-
ed with them, there will be an increase in the diagnosis of gas-
trointestinal schwannomas and we need to have a better under-
standing of these stromal tumors to outline optimal diagnostic,
treatment, and surveillance strategies to avoid any related
complications. In this study, we aimed to assess the natural his-
tory of all gastrointestinal tract schwannomas including loca-
tion, presenting symptoms, diagnostic modalities, treatment,
recurrence, and long-term outcomes.

Patients and methods
After obtaining approval from the Institutional Review Board,
all patients with the histological diagnosis of gastrointestinal
schwannoma (esophagus, gastric, pancreas, small bowel and
colorectal) at our center were identified from January 2000 to
March 2020. Baseline demographics including age, gender,
race, smoking status, body mass index (BMI), and family history
of any malignancy were collected. Data on concurrent comor-
bidities including alcohol use, chronic kidney disease (CKD),
end-stage renal disease, cirrhosis, chronic obstructive pulmo-
nary disease (COPD), congestive heart failure (CHF), celiac dis-
ease, inflammatory bowel disease, and personal history of any
kind of malignancy were also collected. Use of certain medica-
tions like proton pump inhibitors (PPIs), steroids or any immu-
nosuppressants (immunomodulators and biological therapies)

at the time of schwannoma diagnosis was noted. Laboratory
data including hemoglobin (Hgb), hematocrit (HCT), platelets
(PLT), international normalized ratio, albumin, alpha fetopro-
tein (AFP), carcinoembryonic antigen (CEA), and cancer anti-
gen 19–9 (CA-19–9); and data on the modalities that aided in
the diagnosis including colonoscopy, esophagogastroduodeno-
scopy (EGD), endoscopic ultrasound (EUS), computed tomog-
raphy (CT) scans, magnetic resonance imaging (MRI) or mag-
netic resonance cholangiopancreatography (MRCP) were col-
lected from electronic medical records (EMRs). Locations of
the gastrointestinal schwannomas were identified based on
imaging, endoscopy or histology samples. Associated symp-
toms including abdominal pain, dyspepsia, bleeding, pancreati-
tis, and bowel obstruction were identified from EMRs.

An expert gastrointestinal pathologist reviewed all histologi-
cal samples to confirm the diagnosis of schwannoma. Presence
of cellular atypia, necrosis, cystic, solid, mixed character, and
mitotic index on histology samples was also noted. In addition,
data on immunological straining for receptor tyrosine kinase
(C-Kit), S-100, glial fibrillary acidic protein (GFAP), smooth
muscle actin (SMA), Ki-67 proliferation index and CD34 were
collected. Information about treatment modalities including
surgical interventions or endoscopic therapies was identified.
Patients were followed until last follow-up date in the EMR to
assess for recurrence and mortality.

Results
After searching for gastrointestinal schwannomas, a total of 51
patients were identified from the histology database. Of these,
two were not schwannomas, one was a duplicate entry, and
four had missing data. After exclusions, our final sample consis-
ted of 44 patients with histologically confirmed cases of gastro-
intestinal schwannoma. ▶Table1 shows their baseline demo-
graphics and comorbidities. The mean age of our cohort was
58.6 years at the time of diagnosis, with 47.7% in the 51-to-
65-year age group and 31.8% older than 65 years. Of the study
population, 63.6% were women and White (84.1%) was the
most common race, followed by others including Hispanic
(9.1%) and Black (6.8%). Mean BMI in our study population was
29.5 kg/m2. Fifty-seven percent were current or former smo-
kers with a mean 12.6 pack years of smoking. Alcohol use was
present in 25.0%, CKD and COPD in 11.4%, and 2.2% had CHF. A
total of 22.2% had a personal history of neoplasm including
breast (2.2%), pancreatic (2.2%), colon (2.2%), gastric (2.2%),
colonic GIST (2.2%), lung (2.2%), non-Hodgkin lymphoma (2.2
%), and renal cancer (4.5%). Half of them were diagnosed prior
to the diagnosis of gastrointestinal schwannoma, four patients
had concomitant cancers (pancreas, colon and gastric x 2), and
one patient was diagnosed with renal cancer after schwannoma
diagnosis. PPIs were used in 47.7% of patients (52.4% were on
them for ≤3 months and 47.6% were on them for ≥3 months)
and 9.1% were on steroids and immunosuppressive medica-
tions at the time of diagnosis and resection. Only 22.7% were
symptomatic and the majority were diagnosed incidentally. Ab-
dominal pain and dyspepsia were the most common symptoms
(15.9%), followed by bleeding (9.1%) and dysphagia (6.8%). CT
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▶Table 1 Baseline demographics of patients with gastrointestinal schwannomas.

N %

Age Years Mean (SD) =59.2 (12.6)

Age group 18–35  1  2.3

36–50  8 18.2

51–65 21 47.7

> 65 14 31.8

Race White 37 84.1

Black  3  6.8

Other  4  9.1

Gender Female 28 63.6

Male 16 36.4

BMI 29.49  7.60

Smoking Current 14 31.8

Former 11 25.0

Never 19 43.2

Pack yeasr of smoking 12.65 20.29

Comorbidities Alcohol 11 25.0

CKD  5 11.4

ESRD  0  0

Cirrhosis  0  0

COPD  5 11.4

CHF  1  2.3

Cancer 10 22.7

Type of cancer Breast  1

Colon  1

Colon, GIST  1

Gastric cancer  1

GIST  1

Lung  1

NHL  1

Pancreatic cancer  1

Renal  2

Family history of cancer  4  9.1%

Colon (2)

Pancreas (1)

Prostate (1)

IBD Crohnʼs ds  4  9.1

Medications PPIs 21 47.7

Steroids  4  9.1

Immune suppression  4  9.1

SD, standard deviation; BMI, body mass index; CKD, chronic kidney disease; ESRD, end-stage renal disease; COPD, chronic obstructive pulmonary disease; CHF,
chronic heart failure; GIST, gastrointestinal stromal tumor; NHL, non-Hodgkin lymphoma; IBD, inflammatory bowel disease.
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scan was the most common initial diagnostic modality (31.8%)
followed by colonoscopy (22.7%), EUS (18.2%), upper endos-
copy (9.1%), and MRI (6.8%). Most of the lesions on imaging
were classified as “mass lesion” without any suspicion of
schwannoma by the radiologist. There was no statistical differ-
ence among various diagnostic modalities in terms of identify-
ing the location of gastrointestinal schwannomas (P>0.05). The
stomach (38.6%) was the most common location followed by
the colorectum (31.8%), small bowel (13.6%), esophagus
(13.6%), and pancreas (2.3%). There was no statistically signifi-
cant difference among various age ranges, gender, or races in
terms of locations of schwannoma (P>0.05). In terms of biopsy
confirmation, 52.3% had surgical specimens and 47.7% had
endoscopic biopsies (22.7% had EUS-guided biopsy, 15.9%
had EGD biopsy samples, and 9.1% had biopsies via colonosco-
py). Eleven patients were diagnosed with schwannomas before
endoscopic or surgical resection. Four had an endoscopic diag-
nosis and resection at the same time. Gastric schwannomas
were the largest with a mean diameter of 37.7mm, followed
by colorectal (24.1mm), esophagus (22.8mm), small bowel
(21.0mm), and pancreas (4.0mm). On histology, 65.9% of
them were solid, 11.4% had mixed features, and 2.3% had ne-
crosis but none was cystic (▶Fig. 1, ▶Fig. 2, ▶Fig. 3). On immu-
nology, SP100 was tested in all but one and was positive in all of
them. CD34, GFAP, and SMA were positive in only 2.3% of pa-
tients. Of 18 patients with lesions > 2 cm, only 12 had patholog-
ical samples to review. The mean Ki-67 in 12 patients with le-
sions > 2 cm was 3.0%, indicating a low proliferation rate
(▶Fig. 4). None of the patients were tested for C-Kit (▶Table
2). Mean Hgb at the time of diagnosis was 12.8g, mean PLT
251 k/uL, mean BUN 15.5mg/dL, mean creatinine 0.88mg/dL,
and mean albumin was 4.1 g/dL. None of the patients had
elevated AFP or CEA levels. Ca-19–9 was elevated in one pa-
tient, but he had concomitant pancreatic cancer.

Surgical interventions were performed in 77.3% of patients
(70.6% upper gastrointestinal including small bowel and 29.4%

▶ Fig. 1 At low magnification, a well-circumscribed mass lesion is
visible underlying the gastric oxyntic mucosa. This lesion appears
to be situated within the muscularis propria of the stomach.

▶ Fig. 2 40×: A well-defined lymphoid cuff is present, typical of
most schwannomas arising in the gastrointestinal tract. The lesion
itself is a spindle cell proliferation with a vaguely fascicular pattern.

▶ Fig. 3 200×: Cytologically, the spindle cells are predominantly
bland, although scattered large cells or areas with degenerative
type-changes may be seen.

▶ Fig. 4 Representative area from a Ki-67-stained section from this
gastric schwannoma, which showed an overall proliferation index of
5% (S18–-2347).

E804 Singh Amandeep et al. Natural history of… Endosc Int Open 2022; 10: E801–E808 | © 2022. The Author(s).

Original article



▶Table 2 Clinical and immunohistological characteristics of patients with gastrointestinal schwannomas.

Schwannoma location Esophagus 6 13.6

Stomach 17 38.6

Pancreas 1 2.3

Small bowel 6 13.6

Colorectal 14 31.8

Symptoms Abdominal pain 7 15.9

Bleeding 4 9.1

Dyspepsia 6 13.7

Dysphagia 3 6.8

Initial identification CT 14 31.8

Colonoscopy 11 25

EUS 8 18.2

EGD 4 9.1

MRI 4 9.09

No imaging or endoscopy 3 6.8

Biopsy sample Surgical Specimen 23 52.3

EUS 10 22.7

EGD 7 15.9

Colonoscopy 4 9.1

Labs at diagnosis Lab Mean (SD) Median

Hgb 12.8 (1.9) 13.0

HCT 38.8 (5.1) 39.4

Platelet 251 (81) 254

BUN 15.7 (8.5) 14.0

Creatinine 0.88 (0.40) 0.80

Albumin 4.09 (0.60) 4.3

Pathology

Size (mm) Esophagus 22.8 (18.3) 20.0

Stomach 37.7 (23.6) 33.5

Pancreas 4 (NA) 4

Small Bowel 21 (17.9) 15.5

Colorectal 24.1 (18.7) 17

Histology N (44) %

Cystic 0 0

Solid 29 82.9

Mixed 5 14.3

Necrosis 1 2.8

Immunological markers N (44) Percentage

S100 28 63.6

S100+Ki-67 12 27.2

S100+GFAP 1 2.3

S100+ SMA 1 2.3

S100+CD34 1 2.3

Not available 1 2.3

CT, computed tomography; EUS, endoscopic ultrasound; EGD, esophagogastroduodenoscopy; MRI, magnetic resonance imaging; SD, standard deviation; HgB, he-
moglobin; HCT, hematocrit; BUN, blood urea nitrogen.
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in the colorectum) and 18.2% (37.5% upper gastrointestinal
and 62.5% colonic) underwent endoscopic resection. The pa-
tient with pancreatic schwannoma underwent a Whipple’s pro-
cedure, which confirmed the diagnosis. Surgical pathology
showed both schwannoma and pancreatic intraepithelial neo-
plasia grade 1. All patients with surgical or endoscopic inter-
ventions had R0 resection except one with R1 resection in the
endoscopy group. The patient with R1 resection had a repeat
colonoscopy after 6 months and there was no recurrence or
new lesions. One patient is scheduled for surgery and another
one is awaiting further discussions with his physician. Only
four patients had a lag of more than 30 days after the date of
biopsy diagnosis (mean 115.0 days). Over a mean follow-up
period of 5.0 ±4.31 years, there was no malignant transforma-
tion, recurrence or mortality associated with gastrointestinal
schwannoma. One patient died due to metastatic pancreatic
cancer and another one died due to a postsurgical complication
of gastric resection for adenocarcinoma (▶Table3).

Discussion
Our study suggests that gastrointestinal schwannomas are di-
agnosed in the fifth to sixth decade with predominance in
women and Whites. They are benign, mostly asymptomatic,
and diagnosed incidentally. During a mean follow-up period of
5.0 ±4.31 years, there was no malignant transformation, recur-
rence or mortality associated with gastrointestinal schwanno-
ma. Asymptomatic gastrointestinal schwannomas including le-
sions > 2 cm do not appear to need further monitoring or inter-
vention. Patients with them should be counseled to remain up
to date with routine screening guidelines pertaining to the co-
lon, breast, and lung cancer due to the high incidence of con-
comitant malignancy.

Daimaru and colleagues first described schwannomas of the
gastrointestinal tract in 1988 as benign tumors with S-100 po-
sitivity [19]. Since then, multiple studies have been conducted
suggesting no to minimal malignant potential of these me-
senchymal tumors of the gastrointestinal tract [4, 8, 11, 13]. In
a recent review including 171 patients with gastric schwanno-
mas, four patients with an initial diagnosis of malignant gastric
schwannomas died of disease recurrence and three of them had
liver metastases. The follow-up among these patients after sur-
gery to recurrence ranged from 12 to 58 months [16]. Our
study has a mean follow-up of 5.0 ±4.31 years and we did not
notice any recurrence or mortality in our cohort. Interestingly,

Shu et al in his recent study including nine patients with intes-
tinal schwannomas pointed out that most of the malignant
schwannomas in the gastrointestinal tract were mainly report-
ed before 2000 when there was limited understanding of gas-
trointestinal schwannomas. Currently, there are no clear indica-
tors suggesting malignant potential of gastrointestinal schwan-
nomas. Some authors have suggested Ki-67 proliferative index
(MIB-1) (> 10%), nuclear atypia, mitotic activity rate (> 5 HPF),
and tumor size (> 5 cm) as high-risk features for malignant po-
tential and recurrence [7, 20, 21]. Based on these features,
there is a concern for malignant gastrointestinal schwannomas.
In our cohort, 23 patients had schwannoma ≥2cm and 12 pa-
tients with tumors > 2 cm were tested for Ki-67 and had a
mean index of 3.0%. No results were provided for mitotic activ-
ity, but none of the patients had any cellular atypia, which sug-
gests the benign nature of gastrointestinal schwannomas.
There was no recurrence in our study group, suggesting these
parameters might be useful in predicting the malignant poten-
tial and should be part of the histological report but the criteria
of larger size as alluded by some authors was not applicable in
our study, which is the largest to date with long-term follow-
up. Future studies with larger cohorts are required to confirm
these findings and if there is a concern for malignant tumor,
complete resection with an attempt to remove all tumor tissue
with negative margins should be performed. In addition, as
shown in our study with S-100 positivity in all who were tested,
all patients with suspected schwannomas should undergo im-
munohistochemical testing, as the results can differentiate
gastrointestinal schwannoma (strongly positive for vimentin,
GFAP and S-100) from other gastrointestinal tract mesenchy-
mal tumors [22]. A preoperative increase in neuron specific en-
olase (NSE) might contribute to a diagnosis of gastrointestinal
schwannomas but data are equivocal on this and need further
studies [7, 23, 24].

As in prior studies, the majority of our patients with gastro-
intestinal schwannomas were in their fifth to sixth decade of
life with a female predominance [7, 8, 17]. White (84.0%) was
the most prevalent race in our cohort. Interestingly, there are
limited data on race from prior studies. The higher prevalence
of Whites in our study could be from the predominantly White
patient population seen at our center. Fifty-seven percent of
our patients were current or former smokers and we noticed re-
latively higher rates of smoking in patients with esophageal and
gastric schwannomas, but this association was not statistically
significant (P >0.05). Interestingly, 22.0% of our cohort had a
personal history of various cancers. Whether to screen for other
cancers in patients with gastrointestinal schwannomas is a mat-
ter of debate and further data are needed to support this pro-
position. Seventy-seven percent of gastrointestinal schwanno-
mas in our cohort were asymptomatic and were diagnosed inci-
dentally. In a case series by Mekras et al, six of seven gastroin-
testinal schwannomas were diagnosed incidentally [8]. In an-
other series of 16 patients by Zhai and colleagues, 62.5% were
asymptomatic [17]. With the increasing use of imaging and
endoscopic, the prevalence of incidentally diagnosed gastroin-
testinal schwannomas likely will increase in the near future. In
terms of location, the stomach (38.6%) was the most common

▶Table 3 Clinical course of gastrointestinal schwannomas.

N %

Monitoring  2  4.5

Malignant transformation  0  0

Endoscopic resection  8 18.2

Surgery 34 77.3

Schwannoma-related mortality  0 –
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location in our cohort followed by the colorectum (31.8%) and
small intestine and esophagus (13.6%). This is different from
prior reports in which gastric schwannomas comprised 57.0%
to 83.0% of all gastrointestinal schwannomas [7, 8]. Data on
gastrointestinal schwannoma distribution is not consistent and
the difference in our cohort could be from differences in race
and environmental factors. Interestingly, 48.0% of our patients
were diagnosed with presurgical biopsies, suggesting a possi-
ble improvement in endoscopic biopsy techniques. In difficult
cases, EUS can determine location and boundaries of the tu-
mor, take fine-needle aspiration or fine-needle biopsy samples
from the lesion and surrounding lymph nodes, and may aid in
differentiation from other stromal tumors based on certain
characteristics such as tumor capsule, cystic changes, cavity
formation, necrosis, and calcification commonly seen on ab-
dominal CT scan [25].

Seventy-seven percent of the patients in our study under-
went surgical resection and 18.0% had endoscopic resection.
Until recently, surgery has been the mainstay of therapy for
gastrointestinal schwannomas [7, 13]. But with recent advan-
ces in endoscopic techniques, endoscopic resection of gastro-
intestinal tract schwannomas is emerging as an alternative to
surgical interventions [6, 26]. In a recent study of 16 patients
with gastric schwannomas, Zhai and colleagues performed
endoscopic submucosal and full thickness resection [26]. Eigh-
ty-seven percent of these patients achieved R0 resection with-
out any adverse events and need for surgical resection. At a
mean follow-up period of 21.8 months, there was no residue,
recurrence or metastasis. Although endoscopic resections
seem promising for gastrointestinal schwannomas, they are
limited by widespread availability, safety, feasibility (small
intestinal tumor), lack of standardized surveillance strategies,
high cost of repeat procedures, and patient stress and compli-
ance. They still could be offered to patients with high surgical
risks or those reluctant to undergo surgical resection after a de-
tailed discussion about need for long-term surveillance and
possibility of recurrence.

Our study has several strengths. First, this is one the largest
single-center studies looking at schwannomas of the entire
gastrointestinal tract with long-term follow-up. It adds new in-
formation about the racial prevalence of gastrointestinal
schwannomas in Whites. It underscores the importance of
endoscopic and biopsy skills as 48.0% of our patients were di-
agnosed with endoscopic biopsies. It concurs with the previous
studies that most gastrointestinal schwannomas are benign
with female predominance and it is important to perform im-
munohistochemical analysis to accurately differentiate gastro-
intestinal schwannomas from other stromal tumors. Further-
more, our study shows that even larger lesions (≥2 cm) had a
low Ki-67 proliferative index and no recurrence, which adds to
the data supporting the benign nature of the lesion regardless
of size. Another important finding from our cohort was the high
incidence of concomitant cancers, which raises the awareness
that these patients should be counseled to remain up to date
with routine cancer screening guidelines pertaining to the co-
lon, breast, and lung. In addition to its retrospective design,
our study has certain limitations. Being a single-center study in-

troduces “selection bias.” All biopsy specimens were not asses-
sed for NSE and GDAP positivity, Ki-67 proliferative index, and
mitotic index, which could have provided more certainty about
the benign nature of these tumors. Even though we did not see
any malignant transformation, tumor recurrence or mortality
associated with gastrointestinal schwannomas, these finding
are limited by a relatively short follow-up period of 1,380 days.

Conclusions
In conclusion, our study suggests that gastrointestinal schwan-
nomas are benign tumors, most commonly seen in the fifth to
sixth decade with a predominance of female gender and White
race. They usually are diagnosed incidentally, are benign and
mostly asymptomatic. All biopsy specimens from suspected
gastrointestinal schwannomas should undergo immunohisto-
chemical testing, along with assessment for presence of Ki-67
index, cellular atypia, and mitotic activity. Given the benign na-
ture of gastrointestinal schwannomas, asymptomatic patients
do not appear to need further monitoring or intervention. In
symptomatic patients, surgical or endoscopic interventions
can be offered. These patients should be counseled to remain
up to date with routine cancer screening guidelines pertaining
to the colon, breast, and lung given to the high incidence of
concomitant malignancy. Future prospective studies are requir-
ed to confirm these findings.
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