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Purpose: Gastrointestinal stromal tumors (GISTs) are commonly known to be derived from
the gastrointestinal (GI) tract, but recently there have been more and more literature describing
lesions with similar pathological and immunohistochemical resembling GISTs but located
outside the GI tract, and they have been termed as extra-GISTs (eGISTs). However, due to the
rare incidence of eGISTs, its association with survival outcomes is poorly understood, espe-
cially in the Chinese population. Here, we aimed to identify the risk factors of eGISTs and to
assess their association with overall survival (OS) and disease-free survival (DFS).

Patients and Methods: Data of pathologically confirmed eGISTs cases, without radiolo-
gical and perioperative evidence of other primary lesions, and with no microscopically
identified adhesion between the tumor and the gastrointestinal serosa, which were surgically
treated between January 2006 and September 2017 were retrieved from the database of four
high-volume hospitals. Immunohistochemical and genetic testing were performed on the
postoperative lesions and were staged using the National Institutes of Health (NIH) criteria.
Results: A total of 55 cases were retrieved. eGISTs were identified from the retroperitoneum
(36.4%), mesocolon (25.5%), small bowel mesentery (12.7%), abdominopelvic cavity
(12.7%), lesser omental sac (5.5%), ovary (3.6%), pancreatic capsule (1.8%), or urinary
bladder (1.8%). Based on the NIH risk classification, majority of the lesion were classified as
high risk (85.5%). KIT 11 was the most common mutation site (76.5%) and 25.0% of the
cases were wild-type eGISTs. Multivariate analyses showed that tumor location and size
were independent factors affecting prognoses. Patients with tumors in the retroperitoneum
had significantly poorer OS and DFS as compared to those in the non-retroperitoneum (HR
[95% CI] for OS and DFS: 2.546 [1.023-6.337] [P = 0.037] and 2.475 [0.975-6.273] [P =
0.049], respectively). Similar findings were found for tumors of size >15 cm, compared to
<15 c¢cm (HR [95% CI] for OS and DFS: 5.350 [2.022-14.156] [P < 0.001] and 3.861
[1.493-9.988] [P = 0.003], respectively).

Conclusion: e¢GISTs were predominantly found from the retroperitoneum and mostly
classified as high risk. Those located in the retroperitoneum and of size >15 cm had the
poorer OS and DFS as compared to those in the non-retroperitoneum and of size <15 cm.
Keywords: extra gastrointestinal stromal tumors, multicenter, immunohistopathology, gene
mutation, National Institutes of Health criteria, risk factor, retroperitoneum, overall survival,

disease-free survival, recurrence

Introduction
Gastrointestinal stromal tumors (GISTs) are the most common digestive tract
mesenchymal neoplasms worldwide with an incidence rate of 10-15 cases
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per million people per year." GISTs are traditionally con-
sidered to originate from the interstitial cells of Cajal
(ICC) of the myenteric plexus.”’ Preoperatively, they are
identified on radiological imaging (contrast computed
tomography [CT] or magnetic resonance imaging [MRI])
but are also commonly diagnosed postoperatively by
pathological and immunohistological examinations, char-
acterized by their spindle, epithelioid and/or polymorphic
cells, and positive staining to the CD117 (c-kit receptor)
and CD34 biomarkers. Current studies have found that the
activated gain-of-function mutations of receptor tyrosine
kinase KIT proto-oncogene or platelet-derived growth fac-
tor receptor alpha (PDGFRA) gene drive the occurrence of
GISTs.** GISTs may occur anywhere in the gastrointest-
inal tract; from the esophagus to the anorectum. Their
most frequent incident anatomic sites are the stomach
(~60%)° and small intestine (~35%),° and less fre-
quently found in the colorectum (5%-6%)®° and esopha-
gus (~1%).”°

Although GISTs have been initially considered to arise
mainly from the gastrointestinal tract; however, an increas-
ing amount of literature is identifying tumors mimicking
GISTs but located outside the GI tract and bearing similar
immunobhistological, pathological and molecular character-
istics. Scholars have suggested that stromal tumors may
originate from the mesodermal mesenchymal stem cells,
which have pluripotent differentiation ability and can dif-
ferentiate into a variety of mesodermal tissues, including
the Cajal cells.'® It is also hypothesized that under the
action of external force or other factors from its site of
origin, namely the outermost muscle fibers of the digestive
tract, the tumor then leaves the digestive tract wall and
grows outside of the digestive tract, thereby forming extra-
cavitary GIST. In 1999, a report of 26 cases originating
from the omentum and the mesentery and showed that
their clinicopathological and immunohistochemical fea-
tures were similar to that of GISTs."' Since then, they
have been termed as extragastrointestinal stromal tumors
(eGISTs).

There have been few large cohort studies to investigate
the prognosis of eGIST based on its different sites of
occurrence. Miettinen et al retrospectively analyzed 112
cases of eGISTs arising from the retroperitoneum in the
pre-imatinib era (from the year 1970 to 1996). They found
that the prognoses of retroperitoneal eGISTs (n = 79) were
poor and had a median survival of only 14 months.'?
However, some scholars believe that the biological char-
acteristics of eGISTs resemble that of GISTs arising from

the distal digestive tract.'”> Another study showed that
eGISTs derived from the omentum, whose tumor cells
are rarely epithelial cells, possessed similarities to gastric
GISTs and had better prognosis compared to eGISTs aris-
ing from other locations. In contrast, eGISTs occurring in
the mesentery were found to have morphologies and bio-
logical characteristics similar to those of small intestinal
GISTs but with comparatively poorer prognosis.'*

Till present, most of the eGISTs reported were large
(>10 cm) or had high mitotic counts (>10/50 high-power
field [HPF]) and thereby classified as high-risk cases.'®
Moreover, due to their rare incidence large studies (N > 50)
on eGISTs are limited, and their histogenesis and clinico-
pathological features related to prognosis are poorly under-
stood. Here, we analyzed a multicentered database from
high-volume hospitals to assess the clinicopathological fea-
tures of eGISTs originating from different extragastrointest-
inal tract sites and their association with survival outcomes.

Patients and Methods

Patient Selection

We retrospectively retrieved the data of consecutive adult
patients histopathologically diagnosed as unknown primary
origin eGISTs between January 2006 and September 2017 at
the Guangdong Provincial People’s Hospital, Liaoning Cancer
Hospital & Institute, Guangdong Province Traditional
Medical Hospital and Fujian Medical University Union
Hospital. The data comprised patient demographics, clinical
presentation, surgery, histopathology, postoperative course,
and oncologic outcomes. For patients with missing informa-
tion, they were contacted by email exchanges or phone calls
from their respective treating hospitals.

The criteria for inclusion in this study were: (1) patholo-
gically confirmed diagnosis of eGISTs, (2) without radiologi-
cal and perioperative evidence of other primary lesions, (3)
underwent surgical treatment, and (4) had no record of surgical
laparotomy of the entire abdomen for other lesions. The exclu-
sion criteria were: (1) microscopically identified adhesion
between the tumor and the gastrointestinal serosa, (2) prior
history of GISTs/eGISTs, (3) the presence of other malignan-
cies, and (4) death caused by other diseases. The patient
selection process is illustrated as a flow chart in Figure 1.

Clinicopathology and Surgery

Clinicopathological data included the patient’s age, gender,
the presence or absence of tumor necrosis and necrosis,
tumor site, tumor size, mitotic counts, histopathological
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Multicenter database from 4 high-volume hospitals (N = 62)
GDPH (n=17)
* LCHI(n=28)
GPTMH (n=9)
FMUUH (n=8)

- (Cases excluded

A4

[Conﬂrmed cases of unknown primary origin eGISTs (N = 59) ]

Presence of other malignancies (n=3)

Cases excluded
Incomplete information regarding important

A4

{Eligible cases for the present study (N = 55) J

- clinicopathological characteristics* (n=1)
. Non-radical surgery (n=2)
Death caused by other diseases (n=1)

Figure | Study flowchart of the patient data retrieval process. *refers to characteristics such as age, gender, tumor size, tumor location, incomplete histopathological

report.

Abbreviations: GDPH, Guangdong Province People’s Hospital; LCHI, Liaoning Cancer Hospital & Institute; GPTMH, Guangdong Province Traditional Medical Hospital;
FMUUH, Fujian Medical University Union Hospital; eGISTs, extragastrointestinal stromal tumors.

classification, postoperative complications, and adjuvant
therapy. The eGISTs surgical resection was performed by
surgeons having >10-year experience in GI surgeries.
Before and after resection of the tumor, the abdomen of
the patients was carefully inspected for the presence of
additional lesions, and if present, were sent for pathological
examinations. The resected specimens were formalin-fixed
in paraffin-embedded blocks for sectioning and were stained
with hematoxylin and eosin (H&E). Immunohistopathology
was performed by skilled pathologists. The main immuno-
histochemical markers were CD117, CD34 and DOG-1.
Briefly, the intensity of staining was scored as negative (-),
weak (+), moderate (++), or strong (+++). Any signal was
considered to be positive. For gene testing, the patients’
DNA were independently extracted from the formalin-
fixed tissues, and amplification using polymerase chain
reaction and direct sequencing were performed for selected
mutation hotspots in the KIT exons 9, 11, 13, and 17, and
PDGFRA exons 12, 14, and 18. The risk of recurrence was
evaluated according to the National Institutes of Health
(NIH) criteria into a very low-, low-, intermediate-, or high-
risk groups.'>'® Tumors with fewer than 5 mitoses per
50 high-power fields (HPF, 400 xmagnification level) and
diameter less than 2 cm have very low-risk lesion. Low-risk

lesions include those tumors with fewer than 5 mitoses per
5/50 HPF, and measuring less than 5cm. Intermediate-risk
lesions are those less than Scm in size with 6 to 10 mitoses
and those measuring 5 to 10cm with fewer than 5 mitoses.
High-risk lesions are larger than 5 cm with more than
5 mitoses and all lesions greater than 10 cm or with more
than 10 mitoses.

Follow-Up

Follow-up was carried out by outpatient surveillance or
telephone calls. The outpatient postoperative follow-up
included clinical, laboratory examinations and computed
tomography scanning, performed every 3 months for the
first 2 years, every 6 months from the 3rd to 5th years,
every 12 months thereafter or earlier as deemed necessary
by the patients’ treating physician based on their conditions.
The main objective of the present study was to identify the
risk factors affecting the survival outcomes of patients with
eGIST. Survival outcomes were based on the patients’ over-
all survival (OS), calculated from the date of surgery to the
last follow-up date (May 31, 2018) or death, and disease-
free survival (DFS), calculated from the date of surgery to
disease recurrence. Disease recurrence was determined
based on radiological (CT/MRI) evidence.
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Statistical Analysis
Statistical analyses were performed using the SPSS software,
version 25.0 (SPSS, Chicago, IL, USA). The Student ¢ test or
Mann—Whitney test was used for intergroup comparisons of
continuous variables, and the y* or Fisher test was used to
compare categorical data. Survival analyses were computed
using the Kaplan—-Meier method and the Log rank test.
Univariate analyses and multivariate Cox proportional
hazard regression were performed to identify prognostic
variables related to survival outcomes. Adjusted hazard
ratios (HR) along with their corresponding 95% confidence
intervals (CI) were also calculated. A difference in P values
<0.05 was considered as having statistical significance.
Further, an exact test was performed to supplement the
initial analyses whereby potential risk factors for adverse
events had been identified. This test assessed the differ-
ence in incidence rates of adverse events between indivi-
duals who had none, one or two potential risk factors.

Results

Clinicopathological Features of eGISTs

A total of 55 cases diagnosed as eGISTs fit the inclusion
criteria, from which 20 (36.4%) were found to be located in
the retroperitoneum, 14 (25.5%) in the mesocolon, 7 (12.7%)
in the small bowel mesentery, 7 (12.7%) in the abdominopelvic
cavity, 3 (5.5%) in the lesser omental sac, 2 (3.6%) in the ovary,
1 (1.8%) in the pancreatic capsule and 1 (1.8%) in the urinary
bladder (Figure 2). Of note, for the patients included in this

Mesocolon (25.5%)

Ovary (3.6%)

Urinary bladder (1.8%)

Sagittal plane
of the abdomen

Abdominopelvic cavity (12.7%)

study, no other lesions apart from the eGIST were discovered
pre- and perioperatively both after careful inspection of the
patients’ radiological imaging and explorative laparotomy.

Data of the patients’ clinicopathological features are illu-
strated in Table 1. There were 31 (56.4%) men and
24 (43.6%) women, of an average age (+ standard deviation
[S.D]) of 58 (+ 13.87) years and a median age of 58 (range,
29-90 years) years old. Their postoperative median tumor
size was 13 (range, 0.4-29.0 cm) cm and a considerable
proportion of tumors were >15 cm (36.4%) while only
12.8% were <5 cm. Most of the cases were of spindle
histopathology (76.4%). Based on the modified NIH risk
classification, the number of cases classified as very low-,
low-, intermediate-, and high-risk groups were 3.6%, 5.5%,
5.5%, and 85.5%, respectively.

Immunohistochemistry and Gene
Mutation Characteristics of eGISTs

The immunohistochemistry and gene mutation examina-
tion features are shown in Table 2. All investigated
patients were postoperatively pathologically tested for
CD117 and CD34 with positive recorded rates of 78.2%
and 70.9%. Thirty-seven patients were tested for DOG-1,
with a positive rate of 37.8%. Among the 24 patients who
underwent genetic testing, KIT 1/ was the most common
mutation site with a mutation rate of 76.5% (13/17).
Patients with wild-type eGISTs accounted for 25.0% of
the examined cases. Due to the limited number of cases

Lesser omental sac (5.5%)

Capsule of pancreas (1.8%)

Small bowel mesentery (12.7%)

Retroperitoneum (36.4%)

Transverse plane
of the abdomen

Figure 2 Anatomic distribution of eGISTs in a (A) sagittal and (B) transverse plane of the abdomen.

Abbreviation: eGISTs, extragastrointestinal stromal tumors.
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Table | Association of Clinicopathological Characteristics of eGIST Patients with OS and DFS

Characteristics n (%) OS (P value) DFS (P value)
Univariate Multivariate Univariate Multivariate
Analysis Analysis Analysis Analysis
Age(year) 0.027 0.200 0.161
<58 28 (50.9)
>58 27 (49.1)
Gender 0.951 0.862
Male 31 (56.4)
Female 24 (43.6)
Tumor rupture 0.182 0.660
Present 2 (3.6)
Absent 53 (96.4)
Tumor necrosis 0.109 0.310
Present 33 (60.0)
Absent 22 (40.0)
Tumor location (overall) 0.002 0.010
Retroperitoneum 20 (36.4)
Mesocolon 14 (25.5)
Small bowel mesentery 7 (12.7)
Abdominopelvic cavity 7 (12.7)
Lesser omental sac 3 (5.5)
Ovary 2 (3.6)
Capsule of pancreas 1(1.8)
Bladder 1(1.8)
Tumor location (categorized) 0.037 0.048 0.0490 0.044
Retroperitoneum 20 (36.4)
Non-retroperitoneum 35 (63.6)
Tumor size 0.002 0.028
(4 categories) (cm)
<5 7 (12.7)
>5-<10 16 (29.1)
>10 - =I5 12 (21.8)
>15 20 (36.4)
Tumor size < 0.001 0.020 0.003 0.010
(2 categories) (cm)
<15 35 (63.6)
>15 20 (36.4)
Mitotic count (/50 HPF) 0.051 0.056
<5 26 (47.3)
>5-<10 12 (21.8)
>10 17 (30.9)
Mitotic count (/50 HPF) 0.035 0.253 0.017 0.465
<5 26 (47.3)
>5 29 (52.7)
Histopathological classification 0.226 0.601
Spindle 42 (76.4)
Epithelioid 1(1.8)
Mixed 12 (21.8)
(Continued)
Cancer Management and Research 2020:12 submit your manuscript 10495
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Table | (Continued).

Characteristics n (%) OS (P value) DFS (P value)
Univariate Multivariate Univariate Multivariate
Analysis Analysis Analysis Analysis
Postoperative complications 0.028 0.229
Present 4 (7.3)
Absent 51 (92.7)
Adjuvant therapy 0.797 0.827
Received 20 (36.4)
Not received 35 (63.6)
Modified NIH risk categories 0.376 0.378
VLR 2 (3.6)
LR 3 (5.5)
IR 3 (5.5)
HR 47 (85.5)

Abbreviations: eGISTs, extragastrointestinal stromal tumors; HPF, high-power field; VLR, very low risk; LR, low risk; IR, intermediate risk; HR, high risk.

that received adjuvant imatinib and considering that the
patient’s willingness for long-term therapy was low, an
association between adjuvant imatinib therapy, immuno-
histochemistry and gene mutation could not be analyzed.

Association of eGIST Patients’
Clinicopathological Features to Survival

Outcomes
To investigate the prognostic factors of eGISTs to survival,
the clinicopathological features listed in Table 1 were

Table 2 Immunohistochemistry and Gene Mutation Examination
Features of the eGIST Patients

Pathological No. of Patients | No. Positive
Examination (n) Cases (%)
Immunohistochemistry
CDI117 55 43 (78.2)
CD34 55 39 (70.9)
DOG-I 37 23 (62.2)
Gene test
KIT 9 6 2 (33.3)
KIT 11 17 13 (76.5)
KIT 13 4 0 (0.0
KIT 17 4 0 (0.0
PDGFRA 12 5 I (20.0)
PDGFRA 14 4 0 (0.0
PDGFRA 18 6 2 (33.3)
Wild type 24 6 (25.0)
None detected 31 31 (56.4)

Abbreviations: eGISTs, extragastrointestinal stromal tumors; PDGFRA, platelet-
derived growth factor receptor alpha.

evaluated using univariate and multivariate analyses.
Tumor locations and size were grouped into two main
subgroups, namely, the retroperitoneum or non-
retroperitoneum, and <15 or >15 cm, respectively, and
were used in the multivariate analyses.

For a median follow-up time of 36.2 (range: 1.45-112.1
months) months, our findings showed that both tumor loca-
tions and size were independent prognostic factors for OS
and DFS. Patients with tumors located in the retroperito-
neum had significantly poorer OS and DFS as compared to
those in the non-retroperitoneum (HR [95% CI] for
OS and DFS: 2.546 [1.023-6.337] [P = 0.037] and 2.475
[0.975-6.273] [P = 0.049], respectively; Figure 3A and B).
Similarly, those with tumors of size >15 cm had signifi-
cantly poorer OS and DFS compared to those of tumors -
<15 ecm (HR [95% CI] for OS and DFS: 5.350
[2.022-14.156] [P < 0.001] and 3.861 [1.493-9.988] [P =
0.003], respectively; Figure 3C and D).

Next, we investigated the relationship between the inci-
dence of these adverse prognostic factors to tumor-related
death and recurrence. The incidence of adverse outcomes per
person-year (computational formula: no. of adverse event/
total follow-up years) in the group without adverse factors,
with one adverse factor, and with two adverse factors were
0.02, 0.10, and 0.35 for tumor-related death, and were 0.04,
0.11 and 0.49 for recurrence, respectively. As shown in
Table 3, patients with both risk factors (retroperitoneum-
located eGISTs with size >15 cm) had a greater risk of
disease recurrence and death as compared to those with
none (P = 0.008 and <0.001).
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Figure 3 Association of tumor location (A and B) and tumor size (C and D) to overall survival (A and C) and disease-free survival (B and D).

Association of Tumor Location and Size
with Other Clinicopathological

Characteristics of eGISTs
Table 4 illustrates the association between patients’ char-
acteristics of tumor location and size. Only age (P = 0.004)
and mitotic count (P = 0.002) were found to be associated
with tumor size, while none were found to be associated
with tumor location.

Of note, no direct association between tumor size and
location was found. However, when adjusted for survival

outcomes (Figure 4), we found that eGISTs of size <15 cm
located in the retroperitoneum had significantly better DFS as
compared to those >15 cm (P = 0.006). Also, for non-
retroperitoneum located eGISTs, those with tumors <15 cm
were found to have a significantly better OS (P = 0.020) and
DFS (P = 0.023) as compared to tumors >15 cm. Further,
despite that no significant difference in OS (P = 0.070)
between the two tumor size groups of retroperitoneum-
located eGISTs were observed, our findings showed that

when adjusted for mitotic count >5/50 HPFs (Figure 5), the
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Table 3 Incidence of Adverse Outcome (Tumor-Related Death or Recurrence) by Number of Risk Factors (Retroperitoneum-

Located eGISTs and Size >15 cm) for eGIST Patients

No. of
Risk

No. of Patients with Incidence of P

Death/Total in Group Death per

No. of Patients with Incidence of P

Recurrence/Total in Group | Recurrence per

Factors (%) Person-Year (%) Person-Year

None 2/22 (9.1) 0.02 0.019* 3/22 (13.6) 0.04 0.054*
One 10/26 (38.5) 0.10 0.007* 10/26 (38.5) 0.11 0.203*
Two 7/7 (100.0) 0.35 <0.001% | 5/7 (71.4) 0.49 0.008*

Notes: Incidence for eGIST = 0.10/y; * None vs One; % None vs Two; # One vs Two.

Abbreviation: eGISTs, extragastrointestinal stromal tumors.

significant difference in OS was indeed observed between
those of tumor size <15 or >15 cm (P = 0.043); but not for the
other subgroups.

Discussion

Due to the rarity of eGISTs and to shed more light on this
disease, we performed a multicentered study to assess their
clinicopathological features and to identify their associa-
tion with survival outcomes. A total of 55 cases were
found eligible, of which most were found in the retro-
peritoneum and mesentery. Based on the modified NIH
criteria, the majority of the eGISTs were classified as
high risk. Multivariate analyses identified tumor location
and size as independent factors for OS and DFS. Kaplan—
Meier analyses showed that patients with tumors located in
the retroperitoneum and of size >15 cm had poorer OS and
DFS compared to those non-retroperitoneum located
tumors of size <15 cm. Also, patients with 2 risk factors
had a greater risk of tumor-related death and recurrence as
compared to patients with no risk factors.

Till present, the exact origin and incidence of eGIST
are still controversial. Many argue that they were either
initially GISTs that were detached from the GI tract and
got adhered outside the tract or are metastatic lesions of
surgically undiagnosed GISTs that were not periopera-
tively located. In a study,'’ the authors re-evaluated
14 cases of eGISTs and found that after carefully search
for residual muscular tissue of the gut wall in the tumor
pseudo capsule, 11 of the 14 cases were reclassified as
GISTs with extramural growth or GISTs metastatic
lesions.!” Despite such, there are still many cases of actual
eGISTs reported.'® 2! For this present study, the radiolo-
gical imaging of all patients was carefully inspected for
the presence of other lesions. Further, we included only
cases in whom the abdomen was carefully evaluated peri-
operatively for additional lesions, apart from the eGISTs,

for whom none were found. Also, on pathology, no micro-
scopic residual attached muscular tissue of the gut wall
was reported. Based on our analyses, the order of high
occurrence of eGIST was the retroperitoneum (36.4%),
mesocolon (25.5%), small bowel mesentery (12.7%),
abdominopelvic cavity (12.7%), lesser omental sac
(5.5%), ovary (3.6%), pancreatic capsule (1.8%) and urin-
ary bladder (1.8%). The location order of high-occurrence
was partly similar to the findings in the literature,”® who
reported the retroperitoneum (n = 4), mesentery (n = 3),
omentum (n = 2) and pelvis (n = 1) as their most com-
monly observed location of eGIST.

In terms of clinical characteristics, the findings of the
present study differ from a literature review of 60 eGIST
cases,” in which the authors reported that the majority of
the eGISTs occurred in females (57%) and the mean age
was 54 years old. In contrast with our study cohort, male
(56.4% vs 43.6%) cases were predominant, and the mean
age of tumor occurrence was 58 years old. We hypothesize
that this may be related to population ethnicity, as in the
analysis of previous study,”® among the eight studies inves-
tigated, only one®* was from China, and in that study, male
cases were also predominant (60% vs 40%) at a mean age of
60 years old, resonating to that of our findings. However,
more studies are required to validate this hypothesis.

Most GISTs have positive IHC staining for KIT
(CD117) (95%) and CD 34 (70%), which is important
for asserting differential diagnosis from other mesenchy-
mal tumors.”> Likewise, immunohistochemistry is essen-
tial for confirming the diagnosis of eGISTs. Findings from
a retrospective analysis of a single institution'* showed
that 95% (106/112 cases), 62% (53/86 cases), and 93%
(81/87 cases) of the eGIST patients were stained positive
on IHC for CDI117, CD34 and DOG-1, respectively. In
a study,”® the authors found that 92.2% (47/51 cases),
80.6% (25/31 cases), and 100% (13/13 cases) of the
patients had positive staining with CD117, CD34 and
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Table 4 Association of Clinicopathological Characteristics of eGIST Patients with Tumor Location and Tumor Size
Characteristics Tumor Location (n) P value Tumor Size (n) P value
Retroperitoneum Non-Retroperitoneum <I5 >15

Age (year) 0.646 0.004
<58 I 17 23 5
>58 9 18 12 15

Gender 0.877 0.681
Male ] 20 19 12
Female 9 15 16 8

Tumor rupture 0.057 0.057
Present 2 0 0 2
Absent 18 35 35 18

Tumor necrosis 0.086 0.086
Present 15 18 18 15
Absent 5 17 17 5

Tumor location (categorized) - 0.874
Retroperitoneum - - 13 7
Non-retroperitoneum - - 22 13

Tumor size 0.874 -

(2 categories) (cm)
<15 13 22 - -
>15 7 13 - -

Mitotic count (/50 HPF) 0.052 0.002
<5 6 20 22 4
>5 14 15 13 16

Histopathological classification 0.197 0.165
Spindle 13 29 29 13
Epithelioid I | 0
Mixed 6 6 5 7

Postoperative complications 0.095 0.095
Present 3 | | 3
Absent 17 34 34 17

Adjuvant therapy 0.672 0.874
Received 8 12 13 7
Not received 12 23 22 13

Modified NIH risk categories 0.248 0.148
VLR 0 2 2 0
LR 0 3 3 0
IR 2 | 3 0
HR 18 29 27 20

Abbreviations: eGISTs, extragastrointestinal stromal tumors; HPF, high-power field; VLR, very low risk; LR, low risk; IR, intermediate risk; HR, high risk.

DOG-1, respectively, on IHC from multi-institutional data
collected in South Korea. Although our data did not show
such high positivity of these markers, however, our find-
ings did show that eGISTs had high expression of CD117
(78.2%), CD 34 (70.9%), and DOG-1 (62.2%); thereby in

accordance to the literature showing similarities of high
expression of these markers in eGISTs; and also validating
the close association between eGISTs and GISTs. Due to
these similarities, it was thereby considered that the treat-
ment of eGISTs would be similar to GISTs.
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Figure 4 Association of retroperitoneum-located eGISTs (A and B) and non-retroperitoneum-located eGISTs (C and D) of different tumor size to overall survival and

disease-free survival.
Abbreviation: eGISTs, extragastrointestinal stromal tumors.

It has been observed that eGISTs were also responsive
to tyrosine kinase inhibitors (TKIs). Therefore, the recog-
nition of KIT and PDGFRA mutations is important for
further validating an eGIST diagnosis due to their contro-
versial localization but most importantly, for predicting
their response to treatment. In the present study, we
found that 76.5% of the cases were positive for KIT exon
11 (n = 13) mutations, 33.3% for KI/T exon 9 mutations
while none were positive for KIT exon 13 and 17 muta-
tions. In GISTs clinical trials, it was found that the

presence of KIT exon 11 mutation was associated with
better response rate, progression-free survival (PFS) and
OS as compared to those with KIT exon 9 or wild-type
GISTs. Comparatively, till present, there has been a lack of
large case studies for evaluating the actual relevance of
TKI in eGISTs. In a study,?® despite having obtained data
from 7 institutions across South Korea, the authors could
only calculate the recurrence-free survival (RFS) on 13
eGISTs cases who received adjuvant imatinib (60.1
months) but not for the 18 patients who did not receive
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Figure 5 Association of retroperitoneum-located eGISTs (A and B) and non-retroperitoneum-located eGISTs (C and D) of different tumor size to overall survival and

disease-free survival, after adjusting for mitotic count >5/50 HPFs.

Abbreviations: eGISTs, extragastrointestinal stromal tumors; HPF, high-power field.

imatinib due to the small number of recurrence (n = 2). In
this present study, 24 cases underwent genetic testing, but
only 13 had KIT exon 11 mutations. Of them, only 6 had
adjuvant imatinib therapy, and the number of registered
recurrence (n = 2) and death (n = 2) was similar in both
groups who had and did not have imatinib. Of the 11 cases
that did not have KIT exon 11 mutations, only 3 had
adjuvant imatinib therapy, and the number of registered

recurrences was 1 in both groups and the only death
observed was in the group that did not have imatinib. In
contrast, there have been reported case reports suggesting

the regression of eGIST after using b2

imatini
However, no valid conclusion can be drawn on the effi-
cacy of imatinib in the treatment of eGISTs due to
a limited number of reported cases, low compliance to

long-term treatment, and absence of comparative arm
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analyses. The lack of compliance to TKI prescription may
be summarized to the expensive cost of imatinib (during
the study period),>** low awareness on the treatment of
GISTs,** and poor adherence to long-term treatment which
is often associated with increased risk of side-effects of the
drugs.3 > Further, due to the rarity of this disease, we
believe a wide interinstitutional and multi-country colla-
boration would be needed to first, demystify the localiza-
tion of eGISTs and second, to properly assess the actual
efficacy of imatinib in eGISTs.

However, despite the similarities in IHC and genetic
testing between eGISTs and GISTs, the prognoses of
eGISTs are less favorable compared to GISTs as the former
tends to have higher proliferative mitotic indices (GISTs vs
eGISTs, median range, 4-8/50 HPF>*38 vs 10-15/50
HPF!23%40), larger tumor size (GISTs vs eGISTs, median

range, 4-7 em®®4142 yg 7515 ¢m 214394043

) and greater
risk to recurrence or distant metastasis.'*** Similarly, our
findings showed that the median tumor size (13 cm, range,
0.4-29 cm) and mitotic value (13 HPF, range, 0—50 HPF)
were in accordance with that of reported literature. In addi-
tion, we further observed that the recurrences most com-
monly occurred in cases graded as stage 4 (modified NIH
criteria), and in those patients who had particularly large
tumors (mean, 14.7 cm, S.D £ 6.9 cm) and high mitotic
value (mean, 13.4 HPF, S.D + 14.9). This may be explained
by the fact that since eGISTs develop outside the GI tract,
but still depending on their specific localization, in their
early-stage, their growth may not affect the neighboring
vascular or organ function to an extent for causing symp-
toms, may not be felt and thereby remain undiagnosed.
However, by the time they become symptomatic, their
size has already multiplied and developed into an advanced-
stage lesion; it has histologically become more cellular,
with more nuclear atypia and pleomorphism, and clinically
more aggressive (higher mitotic rates). Subsequently, this
renders clinical management difficult, possibly losing their
chance for surgical resection and leading to poor survival
outcomes. This further clarifies our findings which sug-
gested that, first, tumors located in the retroperitoneum
and size >15 cm were independent factor affecting survival
as such tumors have more space to develop to an advanced/
aggressive stage with a lower chance of being symptomatic
and second, that patients with the greater number of adverse
factors had a greater risk of adverse outcomes.

Further, we should highlight that despite the modified
NIH criteria consider tumor size and mitotic rate as impor-
tant risk factors; the mitotic rate was not found as an

independent risk factor for prognostication of survival out-
comes. However, the importance of mitotic rate should not
be neglected. As illustrated in Figure 4A, despite no signifi-
cant difference in OS were found between retroperitoneum-
located eGISTs of size <15 or >15 cm, when adjusted for
mitotic count >5/50 HPFs, tumors of size <15 were found to
have significantly superior OS as compared to those >15 cm
(Figure 5A) (P = 0.043). However, a mitotic count >5/50
HPFs did not show any significant impact for the other
subgroups. These findings highlight the complex nature of
eGISTs and a call for larger multicentered prospective stu-
dies despite that we hypothesized that this lack of statistical
significance might have been due to the limited number of
investigated cases.

This present study was designed to assess the clinico-
pathological characteristics of eGISTs and to identify factors
that would affect survival. Despite the important findings
reported, several shortcomings should be addressed. First,
although being a multicenter study, one of the greatest lim-
itations has been the limited number of retrievable cases due
to the low incidence of eGISTs, ~5% of all GISTs. This may
have affected the findings to a certain extent. Also, second,
even though no residual gut wall tissues were found in the
pathological report of the investigated cases, we should not
neglect the possibility of the presence of such tissues outside
the microscopy regions, or that they may have been weaned
off during the tumor growth. Third, several other factors,
such as correlation with Ki-67, the radicality of surgeries,
postoperative complications, and more that may have
impacted the patients’ survival and could not be fully ana-
lyzed due to the retrospective nature of this study and
incomplete data recordings in the registries despite attempts
to recontact the patients and their relatives. As such, the
findings of this study should be carefully interpreted.

Conclusion

In summary, our data showed that eGIST most commonly
occurred in the retroperitoneum, and the majorities were clas-
sified as high risk based on the NIH criteria. ¢GISTs located in
the retroperitoneum and of size >15 cm had the poorer OS and
DFS compared to those in the non-retroperitoneum and
<15 cm. Further, patients with two risk factors had worse
overall survival outcomes compared to those no risk factors.
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