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Abstract

Purpose.—Gastrointestinal stromal tumor (GIST) is associated with increased risk of additional
cancers. In this study, synchronous GIST, and peritoneal mesothelioma (PM) were characterized to
evaluate the relationship between these two cancers.

Methods.—A retrospective chart review was conducted for patients diagnosed with both
GIST and PM between July 2010 and June 2021. Patient demographics, past tumor history,
intraoperative reports, cross-sectional imaging, peritoneal cancer index (PCI) scoring, somatic
next-generation sequencing (NGS) analysis, and histology were reviewed.

Results.—Of 137 patients who underwent primary GIST resection from July 2010 to June 2021,
8 (5.8%) were found to have synchronous PM, and 4 patients (50%) had additional cancers
and/or benign tumors. Five (62.5%) were male, and the median age at GIST diagnosis was 57
years (range: 45-76). Seventy-five percent of GISTs originated from the stomach. Of the eight
patients, one patient had synchronous malignant mesothelioma (MM), and the remaining had
well-differentiated papillary mesothelioma (WDPM), which were primarily located in the region
of the primary GIST (89%). The median PCI score was 2 in the WDPM patients. NGS of GIST
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revealed oncogenic KIT exon 11 (62.5%), PDGFRA D842V (25%), or SDH (12.5%) mutations,
while NGS of the MM revealed BAP1 and PBRM1 alterations.

Conclusions.—One in 17 GIST patients undergoing resection in this series have PM, which is
significantly higher than expected if these two diseases were considered as independent events.
Our results indicate that synchronous co-occurrence of GIST and PM is an underrecognized
finding, suggesting a possible relationship that deserves further investigation.

Gastrointestinal stromal tumors (GIST) constitute the most common mesenchymal tumor
of the gastrointestinal tract. They arise from the Interstitial Cells of Cajal—intestinal
peristaltic pacemaker cells—with an incidence of approximately 7 cases per million in
the United States.1:2 GIST most commonly develop in the stomach (55%) and most often
are driven by mutations in K/7 (65-80%) or PDGFRA (5-10%).1:2 Although GIST are
seen in isolation in a majority of cases, several single-institution studies have shown that
14-33% of GIST occur in patients with other malignancies, despite no known hereditary
syndrome outside of Carney-Stratakis syndrome, associated with germline SDHx mutations,
and neurofibromatosis type 1, associated with germline M/FZ mutations.3-8 In 2015, our
group analyzed the Surveillance, Epidemiology, and End Results (SEER) database and
found that 17.1% of 6,112 GIST patients had additional cancers.3 In that SEER analysis,
mesothelioma was one of the cancers that exhibited increased co-occurrence both before
(7.35-fold) and after (2.43-fold) GIST diagnosis.® However, GIST co-occurrence with
peritoneal mesothelioma, a mesothelioma subtype found only in the abdominal cavity,
remains poorly understood.

Peritoneal mesothelioma (PM) affects older adults—men and women equally—with 2

cases per million each year.? PM can be classified as borderline, which includes well-
differentiated papillary mesothelioma (WDPM) subtypes, or malignant mesothelioma (MM),
which includes epithelioid, biphasic, and sarcomatoid variants.®19 Recent studies have
shown that mutations in deubiquitinase BRCA1-associated protein-1 (BAP1) are associated
with the development of more than half of MM cases.!!

At present, spatial and genomic links between GIST and PM remain unknown. In this case
series, we examined disease presentation, diagnosis, treatment, and tumor genomic profiles
of patients diagnosed with both GIST and PM to characterize the co-occurrence of these
two rare intra-abdominal cancers, and to identify features which may suggest a unique
pathological process for co-occurrence.

METHODS

Patient Demographics and Clinicopathological Features

A retrospective study of surgical patients diagnosed with GIST between July 2010 and

June 2021 was conducted. Patients diagnosed with both GIST and PM during that period
were selected for analysis following Institutional Review Board approval. Data on patient
age, gender, race, past tumor history, and disease recurrence at most recent follow-up was
collected. GIST was characterized by size, location, mitotic index, and histological subtype.
PMs were characterized by histological subtype, location, and peritoneal cancer index (PCI)
score (see below)—a measure of disease burden.12

Ann Surg Oncol. Author manuscript; available in PMC 2023 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Courelli et al.

PCI Scoring

Page 3

The disease burden of each PM was quantified using the PCI score (0-39).12 The abdominal
cavity and small intestine are divided into 13 regions, each of which was inspected
intraoperatively for the presence of PM.12 If nodules were identified, their diameter

was measured and recorded prior to nodule dissection. Based on maximum nodule/mass
diameter (d™M@X) in each PCI abdominal region, a score of either 0 (ghhax =0 cm), 1 (Ghax =
0.5 ¢m), 2 (Gax = 5 cm), or 3 (Ghmax > 5 cm or confluence) was assigned.1? Only nodules
histologically diagnosed as PM were used in the PCI calculation—inclusion cysts were
excluded.

Tumor Genetic Analysis

RESULTS

Somatic genomic profiles for GIST and PM from resected tumors and germline genetic
analyses of patient blood samples (when available) were obtained using commercially
available CLIA (Clinical Laboratory Improvement Amendments)-approved next generation
sequencing (NGS) assays from Tempus (tumor: 648 gene panel; blood: 105 gene panel),
Foundation Medicine (324 gene panel), Invitae (84 gene panel), Guardant360 (83 gene
panel), and Caris (570 gene panel). Mutations were classified in the CLIA NGS results as
somatic or germline and pathogenic or variants of unknown significance (VUS). Sequencing
for Patient 1 (GIST only), Patient 2 (GIST and blood), Patient 7 (GIST only), and Patient

8 (GIST only) was conducted using the Tempus panels (Fig. 1B). Sequencing for Patient 3
(GIST only), Patient 4 (GIST and PM) was conducted using the Foundation One panels (Fig.
1B). For Patient 5, GIST and PM sequencing was conducted using the Tempus panels and
germline sequencing was conducted on whole blood using the Invitae panel (Fig. 1B). For
Patient 6, GIST sequencing was conducted using the Caris Life Sciences tumor panel and
germline sequencing was conducted using the Invitae panel (Fig. 1B). The sequencing depth
and MAF for variants reported by each of these assays can be found in Supplemental Table
1.

Patient Demographics and Tumor History

During the 11 years from July 2010 to June 2021, 137 patients (46.9%) of 292 GIST patients
evaluated at UC San Diego underwent GIST resection at our institution. Eight of these
patients were diagnosed with synchronous GIST and PM. Five (62.5%) were male, and

three were female. Consistent with our region’s demographics, six were Caucasian, one was
Asian/Pacific Islander, and one was African American (Fig. 1A). The median age at GIST
diagnosis was 57 years (range: 45-76; Fig. 1A). Seven of eight patients underwent resection
of their primary GIST at UC San Diego. One patient underwent right hepatectomy and
hepatic wedge resections for metastatic GIST 3 years after primary gastric GIST resection.
Four of the eight patients had a history of other malignancies and/or benign tumors. Patient
2 had a history of non-Hodgkin’s lymphoma (NHL) and meningioma. Patient 4 had a history
of renal cell carcinoma (RCC) and polycythemia vera (PV). Patient 5 had a history of
prostate cancer (PrCa) and a gallbladder adenomyoma. Patient 7 had a history of ovarian
serous cystadenoma (Fig. 1A).

Ann Surg Oncol. Author manuscript; available in PMC 2023 November 01.
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Clinicopathological Features of GIST and PM

In all eight cases, GIST was diagnosed first, and PM was noted during either GIST resection
or diagnostic evaluation. Intraoperative findings and pre-resection CT scans indicated that
primary GISTs originated from the lesser curvature of the stomach in 50% of patients,

the fundus in 12.5% of patient, the antrum in 25% patient, and the small bowel in 12.5%
of patients (Fig. 1A; Table 1). The median size of GIST was 13.8 (range: 4.2-17.0) cm
(Fig. 1A; Table 1). Histological analysis revealed that of the resected GIST, 37.5% had

a spindle cell morphology, 25% had an epithelioid morphology, and 37.5% had a mixed
spindle-epithelioid morphology (Fig. 1A). The median mitotic index was 3 mitoses per 5
mm? (range: 1-68) (Fig. 1A). RO GIST resection was performed in all seven primary GIST
resections. Patient 8 underwent multiple hepatic wedge resections for multifocal metastatic
SDHB-deficient GIST.

Histopathological analysis of PM tissue obtained during peritoneal cytoreduction revealed
two types of mesotheliomas: well-differentiated papillary mesothelioma (WDPM) in seven
patients (87.5%), and malignant mesothelioma (MM) in one patient (12.5%) (Fig. 1A; Table
1). All 13 PCI regions were extensively visually and manually inspected for the presence

of nodules or other abnormalities in each case except for patient 5, for whom the resection
and cytoreduction was conducted laparoscopically and only 6 of 13 regions were explored.
Except for patient 4, who had known malignant mesothelioma at the time of GIST resection,
all other cytoreductions were conducted in the absence of a histologic diagnosis. A subset
of these cytoreduced nodules were peritoneal inclusion cysts and were not included in the
final PCI calculation. The size of all lesions is also described below. The median PCI score
was 2 (range: 1-17), with WDPM patients having a median PCI score of 2 (range: 1-3) and
the one MM patient having a PCI score of 17 (Fig. 2). Seven patients underwent complete
(CCO0) cytoreduction for PM in all 13 PCI regions, whereas patient 5 underwent laparoscopic
cytoreduction, which allowed only 6 of 13 regions to be fully visualized. Patient 1 had one
nodule measuring 0.3 cm; patient 2 had two nodules each measuring 0.1 cm; patient 3 had
two nodules measuring 1.2 cm and 1.7 cm; patient 4 had diffuse nodules throughout the
abdomen of variable size, ranging from 0.1 up to 4.5 cm; patient 5 had a single nodule
measuring 1.5 cm; patient 6 had several nodules with 1.7 cm maximum diameter; patient

7 had three nodules along the posterior gastric wall measuring approximately 0.3 cm and

a nodule near the ligament of Treitz measuring 0.8 cm; patient 8 had a 0.4 cm mesenteric
lesion and three terminal ileum mesenteric nodules measuring up to 1.5 cm.

Co-occurrence of Tumors

Lesions were identified at the time of GIST resections and suspected to be small volume
peritoneal GIST metastases at the time of resection. As noted, final pathology revealed PM
in these cases. Based on operative note descriptions of the tumor locations, six of seven
(86%) WDPM patients were noted to have mesothelioma nodules near the GIST, and all
were characterized as having disease in the PCI region of the primary GIST (Fig. 2). Patient
8 did not display the same co-localization of GIST and WDPM, because the metastatic GIST
was confined to the liver and the WDPM to the terminal ileum mesentery. Although Patient
4 had extensive MM distributed throughout much of his peritoneal cavity, the disease burden
was most concentrated in the left upper quadrant, which included the gastric surface (Fig. 2).

Ann Surg Oncol. Author manuscript; available in PMC 2023 November 01.
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GIST and PM Genomics

Following GIST resection and PM cytoreduction, tumor samples were obtained for
commercial NGS to identify potentially oncogenic mutations present in the GIST and

the PM to guide clinical management. Of the eight patients, five GIST had a K/7 exon

11 mutation (62.5%), two had PDGFRA D842V mutations (25%), and one had a SDHA
mutation (12.5%) (Fig. 1B; Table 1). Aside from these canonical GIST driver mutations,
seven additional mutations were classified as pathogenic on GIST NGS (Patient 2: STAG2,
Patient 3: PTCH1 and YY1A1P, Patient 6: ATM, DNMTAZ3, and RB1, Patient 7: RBM10
and KMT2D; Patient 8: TP53). NGS of the MM revealed BAP1 and PBRM1 alterations.
Seventeen additional variants identified on somatic GIST and PM NGS, as well as germline
sequencing were classified as variants of unknown significance (VUS) (Fig. 1B; Table 1).

Outcome and Patient Follow-up

Following resection and cytoreduction, the patients were followed for recurrence of GIST
and/or PM. All eight patients were without GIST recurrence at a median followup of 14
months (range: 1-75). The seven patients diagnosed with WDPM remained without PM
disease recurrence at a median follow-up of 12 months (range: 1-75), whereas the patient
diagnosed with MM experienced recurrence at 5 months postoperatively despite complete
cytoreduction and hyperthermic intraperitoneal chemotherapy.

DISCUSSION

In this study, we investigated the spatial co-occurrence, as well as tumor genomic patterns
in GIST and PM as our group’s prior publications on the relationship between GIST and
PM were limited to population-based studies. Seven of eight patients in our series exhibited
co-localization of GIST and PM. These patients were noted to have the highest PM disease
burden near the primary GIST. Together, our findings raise several questions about the
relationship between these malignancies.

GIST has an incidence of about 7 cases per million and PM has an incidence of 2 cases
per million.12 If GIST and PM co-occurred independently, their incidence would be in the
order of 1.4 x 1079%. However, the conditional incidence of 6% of the occurrence of PM
given the occurrence of GIST implies that the incidence of the synchronous co-occurrence
of GIST and PM is on the order of 3.5 x 107°%. That is, the incidence of the synchronous
GIST and PM co-occurrence is significantly higher than the incidence of independent
co-occurrence with six orders of magnitude difference. Analogously results were reported
by Sun et al. in a series of 75 WDPM cases, where GISTs were identified in 19.3%

of WDPM cases during surgery.13 In that series, the incidence of GIST identification
during WDPM surgeries was significantly higher than the computed co-incidence of the
independent GIST and PM in the general population (1.4 per trillion) and similar to

the results reported in our current series (6%). Potential biases affecting the reporting of
WDPM and possibly leading to an under-reporting of GIST and PM co-occurrence are lack
of awareness and limited ability to evaluate patients for certain peritoneal-based cancers
without operative exploration. A previous study, investigating second cancer diagnoses

in GIST both before and after GIST diagnosis (Smith et al.), proposed surveillance bias

Ann Surg Oncol. Author manuscript; available in PMC 2023 November 01.
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as a potential contributing factor for the increased incidence of second cancers in GIST
patients, as they undergo frequent imaging for preoperative planning and postoperative
surveillance.1* However, surveillance bias is unlikely to affect incidence of PM, because
this tumor type is typically not visualized on standard cross-sectional imaging modalities
used for cancer screening. Clinically, identification of a second cancer has effects on post
operative treatment as well as influences prognosis. Diagnosis of peritoneal disease as

PM as opposed to metastatic GIST changes the need for post-operative chemotherapy. As
reported in Smith et al., diagnosis of second cancers in GIST patients provides prognostic
information. Patients with diagnosis of additional malignancies diagnosed within 6 months
of GIST diagnosis had a poorer 5 year survival (54%) compared with patients who did

not have any additional cancer diagnoses (65%).14 The high co-occurrence rates of GIST
and PM relative to the independent incidence of each one suggests the potential for a

local, nonindependent, symbiotic relationship between GIST and PM that may lead to the
synchronous co-localization of these cancers. Our findings indicate that patients undergoing
surgery for GIST also should be evaluated for the presence of GIST metastases and other
primary and/or metastatic peritoneal malignancies. Underdiagnosis of concurrent peritoneal
disease or misattribution of disease to metastatic GIST both have important ramifications for
adjuvant therapy. For example, if peritoneal disease is GIST associated WDPM as opposed
to metastatic GIST, the patient may not require systemic therapy postoperatively.

One explanation for a more frequent finding of multiple primary tumors is an underlying
hereditary cancer predisposition. Of the eight patients with both GIST and PM, four patients
also had a history of multiple additional tumors, including non-Hodgkin’s lymphoma and
meningioma, renal cell carcinoma and polycythemia vera, prostate cancer and gallbladder
adenomyoma, or ovarian serous cystadenoma. However, in our series, no common
pathogenic germline mutations were identified in patients who had germline testing, either
as a germline test (patients 5 and 6) or those who had a paired blood sample analyzed along
with tumor profiling (patient 2). To date, BAP1 is the only gene associated with a germline
predisposition to mesothelioma. Patients 2 and 5 were found to have a germline VUS in
BAP1; however, there is no evidence at the present time that either of these variants are
potentially pathogenic. One of the VUS (R114H) is classified in ClinVar as “‘likely benign”’
or as a VUS by various labs (Variation ID 346125). A functional study of this variant did
not demonstrate any change in deubiquitinase activity (PMID: 28062663). The other variant
(c.375-5C>T; ClinVar Variation ID 539944) has two labs calling the variant as likely benign
and one lab calling the variant as a VUS. Although no consensus exists for a characteristic
gene mutation profile in WDPM, Stevers et al. reported have mutually exclusive mutations
in TRAF7 and CDC42 with a relative absence of mutations in BAP1 while Shrestha et al.
characterized a series of 5 incidentally found WDPMs and noted that COSMIC signature 24
(enriched for C > A transversion substitutions) was the dominant signature in their series.
This variant is hypothesized to be related to aflatoxin exposure.1>-17 Our findings suggest
that some other mechanism(s) may be involved in this specific signature since none of our
patients are known to have aflatoxin exposure and previously reported mutations in TRAF7
or CDC42 were not identified in the one WDPM in our series that underwent NGS.

Co-localization of gastric GIST and PM tumors was noted in seven of eight patients,
pointing towards a potential interdependency between the two tumors. Although the

Ann Surg Oncol. Author manuscript; available in PMC 2023 November 01.
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stomach is the most common location for development of GIST, focal involvement of

PM in the GIST-localized region of the peritoneal membrane deviates from canonical PM,
which typically uniformly involves the entire peritoneal membrane.? Interestingly, focal
involvement of PM in close proximity to other cancers has been previously described.18 For
instance, WDPM has been reported to co-occur with gastric, hepatocellular, and colorectal
carcinomas, as well as has been found in close proximity to uterine adenomatoid and ovarian
tumors.19-22 Co-localization was not observed in the case of only one patient in our series.
However, the patient had already undergone resection of the primary GIST and was being
surgically treated for hepatic-only metastases. Deviation from the typical diffuse disease
distribution of PM suggests a focal process for GIST and PM colocalization that potentially
involves the first tumor facilitating the initiation or progression of the second tumor. Transfer
of oncogenic mediators by GIST-originating exosomes is an intriguing possible mechanism.
GIST have been shown to release exosomes containing oncogenic KIT and proteins involved
in VEGF, MAPK, and Whnt signaling, which can induce genetic changes in surrounding
cells.23-25 It remains to be determined if the effect of GIST on the development of PM,

or vice versa, also may be correlated with the extent of the first tumor, and whether

the co-localization of GIST and PM tumors has ramifications for different patterns of

local recurrence. Furthermore, colocalization of GIST with other peritoneal malignancies,
whether primary or metastatic, remains to be investigated. Of the seven patients with WDPM
without PM, no evidence of disease recurrence was observed at 12 months, which leads us
to inquire whether the local tumor micro-environment is unique amongst these PM tumors
co-localizing with GISTs. Longer follow-up will help to further understand whether unique
recurrence patterns exist for these tumors.

The main limitations to this study are the small patient population and constraints in
identification of GIST patients with PM. Even though our calculations demonstrate that

a potentially nonrandom relationship between the likelihood of PM development in GIST,
both GIST and PM are relatively rare intra-abdominal cancers. Therefore, even in a high-
volume GIST center and a high-volume PM center, few patients would be diagnosed with
both GIST and PM. Second, we were only able to evaluate the presence of PM in patients
who underwent surgery for GIST. Unless a patient has significant disease burden, which
may be mistaken for GIST, it is not possible to diagnose PM exclusively from imaging.
Therefore, the primary patient population in our study evaluated for the presence of both
GIST and PM includes patients undergoing surgery for GIST, during which the abdomen
could be thoroughly evaluated for further disease. In our GIST database, 53.1% of GIST
patients were not evaluated for peritoneal malignancy, because they did not undergo surgery
for GIST at our center and were not previously known to have PM. Finally, not all patients
were amenable to germline testing and therefore we could not undertake a more in-depth
analysis of possible germline mutations that may predispose patients to both types of
tumors.

CONCLUSIONS

The differences in synchronous GIST and PM disease presentation compared with GIST or
PM in isolation, as well as the co-localization of both tumors suggest a non-independent

Ann Surg Oncol. Author manuscript; available in PMC 2023 November 01.
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relationship between synchronous GIST and PM. This relationship may be associated with
tumor symbiosis and/or unappreciated genomic drivers that warrant further investigation.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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FIG. 1.

Genomic Alteration
Frameshifi

GIST and PM characterization. A Co-mutation plot of patient data, cancer history, GIST and
PM clinicopathological features, tumor genomic analyses, and germline genetic analyses.
Data for each patient is listed in columns by case humber, and are color-coded according

to the legend. B Tabulation of NGS tumor panel results for each tumor and/or germline
analyzed. Columns represent data for each patient that are subdivided into columns for the
specific NGS assay conducted. Rows represent the tissue used for each NGS panel
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FIG. 2.
Anatomical map of Peritoneal Cancer Index (PCI) for each patient. PCI subscores (0, 1, 2,

3) in each abdominal/pelvic region are shown for each patient. Dark blue indicates a regional
subscore of 3, medium blue indicates a regional subscore of 2, light blue indicates a regional
subscore of 1, and white indicates a regional subscore of 0.

*Note only 6 of the 13 PCI regions were explored in patient 5 due to laparoscopic
cytoreduction
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TABLE 1

Patient demographics and tumor clinicopathological features

Characteristic Number (%)
Age at diagnosis (yr)

Median [range] 57 [45-76]
Gender

Male 5 (63%)
Female 3 (37%)
Race/ethnicity

African American 1(12.5%)
Asian/Pacific Islander 1(12.5%)
Caucasian 6 (75%)
GIST

Size (median [range], cm)

Mitotic index (median [range], per 5 mm?2)
GIST location (primary)

Fundus

Lesser curvature

Antrum

Small bowel

GIST histopathology

Spindeloid

Epithelioid

Mixed

GIST driver mutation

KIT (exon 11)

PDGFRA D842V

SDHA

PM PCI

Median [range]

PM subtype

Well differentiated papillary mesothelioma

Malignant mesothelioma

13.8 [4.2-15.2]
3[1-68]

1 (12.5%)
4 (50%)
2 (25%)
1 (12.5%)

3 (38%)
2 (25%)
3 (38%)

5 (63%)
2 (25%)
1 (12.5%)

2 [1-17]

7 (87.5%)
1 (12.5%)

GIST gastrointestinal stromal tumor, PM peritoneal mesothelioma, PC/ peritoneal carcinomatosis index
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