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A successful complete resection o

for multidrug-resistant giant gastrointestinal
stromal tumor invading the transverse colon
with multiple liver metastases in a young
female: a case report
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Abstract

Background Gastrointestinal stromal tumors (GISTs) are rare in young people and are often detected after becoming
symptomatic or at an advanced stage. Herein, we report a case of complete reduction surgery for a substantially large
malignant gastric GIST with multiple liver metastases in a young woman who successfully resulted in RO surgery.

Case presentation An 18-year-old woman presented to our hospital with anorexia and vomiting, and was diag-
nosed with a 17 cm gastric GIST with transverse colon invasion and multiple liver metastases. Due to being con-
sidered unresectable, tyrosine and multi-kinase inhibitor therapy were administered up to the fourth line yielding

no response. After careful discussion at a multidisciplinary team conference, pancreatoduodenectomy or distal
gastrectomy, transverse colectomy, and resection of the liver metastases were planned. Consequently, distal gastrec-
tomy, transverse colectomy, resection of the liver metastases, and incidental peritoneal metastases were performed.
Although the primary goal of the surgery was to reduce the volume of the tumor as much as possible, the results
revealed that the complete removal of all detectable tumors was achieved. No recurrence was observed after surgery
for 27 months with long-term adjuvant imatinib therapy.

Conclusions Even for highly advanced GISTs, aggressive surgery followed by adjuvant drug therapy may prolong
survival in young patients.
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Background
Gastrointestinal stromal tumors (GISTs) are rare malig-
nancies, accounting for 1-2% of all gastrointestinal neo-
plasms [1-3]. The median age at diagnosis is 66—69 years
[4]. GISTs are rare in the pediatric population and among
adolescents and young adults (AYAs); however, when
they occur in this demographic, they are often associated
with a genetic predisposition [5, 6]. Furthermore, GISTs
in adolescents and young adults are often detected after
they become symptomatic and are often diagnosed at an
advanced stage [7]. However, the clinical features of the
GISTs in these patients are not completely understood.
The development of tyrosine kinase inhibitors (TKIs)
has significantly improved the management of unresecta-
ble and advanced GISTs. However, the therapeutic selec-
tion of multidrug-resistant and liver metastatic GISTs is
challenging, and clear clinical evidence for surgical resec-
tion is insufficient and controversial. Herein, we report
the successful resection of a substantially large malignant
gastric GIST invading the transverse colon with multiple
liver metastases in a young woman.

Case presentation

An 18-year-old woman presented to our hospital with
anorexia and vomiting. Abdominal/pelvic contrast-
enhanced computed tomography (CT) revealed a
large gastric body mass, approximately 17 ¢m in diam-
eter (Fig. 1a, b), and delayed enhancement of liver mass
lesions in the S4 (Fig. 1c) and S8 segments of the liver
(Fig. 1d). Gastrointestinal endoscopy revealed a large
submucosal lesion in the lower body of the stomach
with ulcers on the surface (Fig. le). Biopsy specimens
revealed a c-kit-, vimentin-, and CD34-positive spindle-
cell GIST. Upon further examination, positron emis-
sion tomography with 18F-Fluorodeoxyglucose (FDQG)
integrated with CT showed strong FDG uptake in the
gastric tumor. The maximum standardized uptake value
(SUVmax) was 37.95 (Fig. 2a). Furthermore, FDG uptake
was observed in the liver masses located in the S4 (SUV-
max: 12.3) and S8 (SUVmax: 5.0) segments of the liver
(Fig. 2b). Moreover, gadoxetic acid-enhanced dynamic
magnetic resonance imaging detected multiple liver
metastases < 10 mm in diameter (S1, S4, S5, S7, S6, and
S8 segments). Based on these findings, the patient was
diagnosed with a giant advanced gastric GIST with mul-
tiple liver metastases.

The patient’s treatment strategy was discussed at the
multidisciplinary team (MDT) conference by surgi-
cal gastroenterologists, oncologists, and radiologists.
Initially, the GIST was considered unresectable due to
its large size, distant metastases, and the difficulty of
achieving RO resection. Therefore, imatinib therapy was
administered as first line treatment, with a daily dosage
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of 400 mg imatinib mesylate. However, primary tumor
growth was confirmed after 8 months of imatinib ther-
apy. Second line treatment with a daily dose of 47.5 mg
sunitinib (for 4 weeks with 2 weeks off), third line treat-
ment with TNO155 (SHP2 inhibitor) +ribociclib as a
phase I clinical trial (NCT04000529), and fourth line
therapy with regorafenib were administered. No response
was observed in all the above cases. Three months after
regorafenib treatment, CT revealed that the GIST had
grown to 18 cm, had invaded the transverse colon, and
had increased the size of multiple liver metastases.

The treatment strategy was carefully discussed again
at the MDT conference, and a team of hepatobiliary-
pancreatic surgeons was added to consider the necessity
of resection of liver metastases and pancreatoduodenec-
tomy for direct invasion of the pancreas and duode-
num. Although best supportive care was also an option,
the patient the patient’s age (20 years) and good general
condition favored a more aggressive approach. Due to
multidrug resistance, pharmacological therapy options
were not expected to be effective. Surgical treatment to
achieve RO resection with curative intention or at least a
prolonged prognosis with combination of debulking sur-
gery and adjuvant drug therapy to prolong survival were
the remaining options. After careful discussion, surgical
resection by the hepatobiliary and pancreatic surgeons’
teams, including pancreatoduodenectomy or distal gas-
trectomy, transverse colectomy, and resection of liver
metastases, was planned. The surgery was performed
23 months after the initial visit. On exploratory laparot-
omy, only three small nodules, in which peritoneal dis-
semination could not be ruled out, were detected in the
pelvis (Fig. 3a). Although the tumor invaded the trans-
verse colon, there was no pancreatic or duodenal inva-
sion (Fig. 3b). Therefore, the tumor was resected. Initially,
the peritoneal nodules were resected, and distal gastrec-
tomy with Billroth I reconstruction and transverse colec-
tomy were performed (Fig. 3c). Subsequently, partial liver
resection (S1, S2, S3, S4, and S8 segments) and extended
right posterior hepatic sectionectomy (including six met-
astatic tumors) were performed with the clamp crushing
method using Pringle’s maneuver (Fig. 3d—f). The opera-
tive time was 6 h 3 min, and the estimated blood loss was
702 mL with no blood transfusion.

Macroscopic examination of the specimen revealed a
whitish mass, 18 X 11 cm in size, involving the transverse
colon, and 21 cm in diameter (Fig. 3g). Pathological exam-
ination confirmed that the tumor cells were generally via-
ble. The immunohistochemical staining results were as
follows: CD34 (+), Ki-67 (+5%), and mitotic counts of <5
per 50 high-power fields (Fig. 3h). Tumor presence was
also confirmed in liver specimens and small nodules of
the pelvis. The surgical margins were negative. The CD34
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Fig. 1 Preoperative imaging findings. a Abdominal/pelvic computed tomography (CT) scan with intravenous contrast shows a huge gastric
body-enhancing mass, approximately 17 cm in diameter (arrowhead). b Coronal view of the CT scan demonstrates a huge heterogeneous
hypervascular mass (arrowhead). ¢ CT scan showing delayed enhancement of mass lesions in the S4 segment of the liver (large arrow). d CT
scan showing delayed enhancement of mass lesions in the S8 segment of the liver (small arrow). e Gastrointestinal endoscopy detected large
submucosal lesion > 10 cm in diameter with multiple ulcers on its surface in the lower body of the stomach (arrowhead)

and c-kit positivity characterize GIST, whereas the Ki-67
index, although relatively low in our patient’s case, indi-
cates proliferative activity. In addition, despite multiple
lines of tyrosine and multi-kinase inhibitor therapies, the
tumor cells remained viable, suggesting resistance to sys-
temic drug treatment. Together these results indicate a
drug-resistant disease. Genetic analysis revealed a succi-
nate dehydrogenase (SDH) mutation, SDHA p.Y259fs*21.
Therefore, this disease was likely associated with SDHA
deficiency. No mutations were detected in KIT, platelet-
derived growth factor receptor, or BRAF. Consequently,

the final diagnosis was GIST with high-grade malignancy
and moderate tumor progression risk according to Miet-
tinen’s risk classification and high risk according to the
Modified Fletcher Classification [8, 9], liver metastases,
and peritoneal micro-metastases. According to Miet-
tinen’s risk classification system, high-grade malignancies
typically include tumors larger than 10 cm with a mitotic
rate greater than 10 mitoses per 50 high-power fields,
whereas our case showed a mitotic count of<5 per 50
high-power fields, classifying it as moderate-risk accord-
ing to this system.
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Fig. 2 Preoperative FDG-PET/CT imaging. a FDG-PET/CT showing strong FDG uptake in the gastric tumor with the SUVmax 37.95 (arrowhead).
b FDG-PET/CT showing FDG uptake of liver masses located in the S4 segment (SUVmax: 12.3) (large arrow) and S8 segment (SUVmax: 5.0) (small

arrow)

The postoperative course was uneventful without com-
plications, and the patient was discharged 14 days after
surgery. Adjuvant imatinib therapy (400 mg/day) was
administered and continued. After 27 months of follow-
up, no clinical or radiological evidence of recurrence was
observed.

Discussion

The liver is the most frequent site of GIST metastasis,
which poses a major threat to the survival of patients
with GIST [10]. Although imatinib and other TKIs are
standard treatments for patients with highly advanced
and metastatic disease, surgical resection may be an
optional treatment [11]. Several studies have examined
the efficacy of surgical resection of advanced or meta-
static GISTs, which may improve prognosis of these
patients [12—-19]. A Japanese prospective multicenter
trial was conducted to clarify the efficacy and safety of
surgery for liver oligometastasis in patients with GISTs.
However, it was prematurely terminated due to guide-
line amendments and poor accrual [20]. Recently, Xue
et al. reported the results of a single-institution study of
119 patients with liver metastases from GIST who were
divided into hepatectomy and non-surgical groups. The
results revealed that patients in the surgery group had
significantly better progression-free survival (PES) and
marginally improved overall survival (OS) than those
in the non-surgical group (3-year PFS: 86.2% vs. 64.6%,
p=0.002; 5-year OS: 91.5% vs. 78.3%, p=0.083) [21].

The complete resection of residual metastatic GIST
is a critical concern. Bauer et al. performed a multi-
institutional analysis of PFS and OS in 239 patients
with metastatic GIST who received imatinib therapy
and underwent hepatectomy [22]. RO/R1 resection was
achieved in 177 patients, and the median OS was 8.7
years in the RO/R1 patient group vs. 5.3 years in the R2

group (p=0.0001). The median PFS among the RO/R1
group was not reached in the study and was 1.9 years
in the R2 group. This suggests that RO resection can
improve the prognosis of patients with metastatic GIST.
Although there is no known survival benefit from debulk-
ing surgery or R2 resection, there may be a possibility of
improving resistance to imatinib and other TKIs through
tumor reduction.

The clinical and biological features of GISTs in AYAs
have been clarified. According to the United States
National Cancer Institute, AYAs are defined as those
aged 15-39 years at the time of initial cancer diagno-
sis. GISTs are uncommon among pediatric patients and
AYAs, and the incidence rate of GIST in patients below
21 years of age ranges from 0.5 to 2.7% [10]. Some GISTs
in children have been reported to be related to genetic
syndromes, such as Carney-Stratakis syndrome [23].
Although most sporadic GISTs in AYAs are located in the
stomach, heritable GISTs often occur in the small intes-
tine [24]. Furthermore, the molecular characteristics of
GISTs in AYAs are almost exclusively c-kit and platelet-
derived growth factor receptor wild-type and mutations
in the vast majority (85-90%) [25]. Regarding prognosis,
a Dutch retrospective study demonstrated a 5-year sur-
vival of 85% in AYAs with GISTs, which has a relatively
good prognosis compared with 76% in older adults [26].

However, reports focusing on GISTs with liver metas-
tases in pediatric and AYA patients are limited. A sys-
tematic literature search was conducted using the
PubMed database on May 17, 2024, to identify pub-
lished reports on liver metastasis of GIST in children
and AYAs. A combination of the following search terms
was used: [(GIST [Title/Abstract] OR “gastrointestinal
stromal tumor” [Title/Abstract]) AND (liver metas-
tasis [Title/Abstract] OR hepatic metastasis [Title/
Abstract])] AND (“Surgical Procedures, Operative”
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Fig. 3 Intraoperative and pathological findings. a Incidental peritoneal metastases were confirmed in the pelvis (large arrow). b Huge gastric
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tumor invading transverse mesocolon is observed (arrowhead). ¢ Distal gastrectomy and transverse colectomy were performed. d Multiple

liver metastases were confirmed (small arrow). e Extended right posterior hepatic sectionectomy, including the S5 and S6 segments tumor

was conducted. f Partial liver resection of the S1, S2, S3, 54, and S8 segments was performed. g Macroscopic appearance of the en bloc resected
specimen showed that the mass, 18 11 cm in size, involving the transverse colon (arrowhead). h Hematoxylin—eosin staining of the resected
tumor (x 20) revealed that tumor spindle cells were generally viable, and immunohistochemical staining demonstrated CD34 (+), c-kit (+), Ki-67

(+5%), indicating that the patient had a systemically drug-resistant GIST

[MeSH Terms] OR "surgery" [Title/Abstract] OR
“resection” [Title/Abstract]) AND (pediatric [Title/
Abstract] OR adolescent [Title/Abstract] OR young
adult [Title/Abstract] OR childhood [Title/Abstract]
OR AYA [Title/Abstract]). This literature search
revealed two case reports in the English-language med-
ical literature, and the characteristics of these cases

along with our case, are summarized in Table 1 [27,
28]. Li et al. reported on the case of a 12-year-old girl
with GIST and liver metastases, highlighting the use-
fulness of fine-needle aspiration biopsy and resection
of liver metastases in pediatric patients, with no recur-
rence at the time of reporting. Furthermore, Muni-
yappa et al. presented the case of a 16-year-old girl



(2024) 10:146 Page 6 of 8

Aso et al. Surgical Case Reports

K136ans wouy dwi3 [AIAING |

aseuaboipAyap a1eudNs ‘HQJs ‘erep ou ‘g/N ‘siowny [ewols [eunnsalulonseb ‘| S| LAale ‘y

U0ND3S3I J9AIT €

gluageiobay

Awoy qipR
-23|0D 35IaASURI] T -0ql+GSLONL'E
Awo} qIuIIuNg 7
(Lov qiunew VYHAS ->anseb [exsig | qlupew| | Ll 19N 118l UoewoIs /81 ¥20¢ 958 JUdsald
uols3)
oireday oy Jo
Asdoig usdQ 7
Awoy
onv glunew a/N - -danseb [eied | QUON L I 09XEEXL9 UYoewoIs 4/91 £00C |e 19 eddeAuniy
UOoND3S3l JI9AIT T
Awoy
anm anm SUON  -Donseb jeied | SUON 14 1917 SPXEL Uoewols 4/L 2002 ewn
sase)selaw
(yuow) Adeisayy bnip Adesay I9AI] JO (wd) azIs
Jeniaing  annesadoisod  uopeinwi d1RUIH A196ing  Bnap sanesadoaig aquiny  as dieIseld|y Jowny Kiewild 93is Alewlld Xx3s/aby  Jeap EERIVEYETEN|

K13bins bulobiapun suonejndod synpe BunoA pue syusdsajope DLelpad Ul S95eISe1aW JaAI| |S|D) JO sased parioday | ajqeL



Aso et al. Surgical Case Reports (2024) 10:146

with gastric GIST and liver metastases, in which an
open liver biopsy was performed simultaneously with
resection of the primary gastric lesion, resulting in dif-
fuse peritoneal metastasis 10 months after surgery.
Although a good postoperative course was achieved
with surgical resection in one case, a clear treatment
strategy remains controversial. Surgical resection might
be effective in cases of failure of fourth line treatment
to prolong OS, improve the quality of life by reliev-
ing abdominal symptoms, and reduce drug resistance
through tumor reduction, as long as the patient’s gen-
eral condition is favorable and there is a possibility of
achieving RO resection. In the present case, the deci-
sion to perform surgery was determined by several fac-
tors: the young age of the patient, the ineffectiveness
of previous treatment due to multidrug resistance, and
the possibility that, even if RO resection could not be
achieved, a combination of debulking surgery and drug
treatment might prolong the prognosis.

Three years of adjuvant imatinib therapy improved
recurrence-free survival (RFS) and OS in GIST patients
with a high risk of GIST recurrence compared to
1-year of imatinib therapy (5-year RES, 65.6% vs. 47.9%,
p<0.001; 5-year survival, 92.0% vs. 81.7%, p=0.02) [29].
In the present case, the patient presented with microp-
eritoneal dissemination and liver metastasis. Despite
achieving RO resection surgically, the tumor was deemed
oncologically unresectable. Therefore, adjuvant imatinib
therapy is planned to continue for more than 3 years.

Conclusions

In conclusion, we experienced a successful RO resection
case of multidrug-resistant GIST invading the transverse
colon with multiple liver metastases in a young woman.
Even in highly advanced multidrug-resistant GISTs, sur-
gery followed by adjuvant drug therapy may prolong the
survival of young patients.
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