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Gastrointestinal stromal tumors (GISTs) arise from the interstitial cells of Cajal,
predominantly affecting the stomach and small intestine, with rare occurrences
in the duodenum, rectum, and extraintestinal sites. Histologically, GISTs can
present as spindle cells, epithelioid cells, or mixed morphologies, with
immunohistochemical staining revealing expression of KIT (CD117) and
discovered on GIST 1 (DOG1I). Approximately 80% of GISTs harbor activating
mutations in KIT or platelet derived growth factor receptor oo (PDGFRA), which
influence their clinical behavior and treatment response. SDH-deficient GISTs,
associated with syndromes such as Carney triad and Carney—Stratakis syndrome,
represent a distinct subgroup with unique characteristics and management
challenges. The standard treatment includes surgery and imatinib for
metastatic cases; however, resistance to tyrosine kinase inhibitors remains a
significant hurdle, especially in pediatric and wildtype GISTs. This highlights the
need for advanced therapeutic strategies and emphasizes the importance of
molecular profiling in guiding treatment decisions and improving outcomes for
GIST patients.
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1 Introduction

Gastrointestinal stromal tumors (GISTs) are rare stromal tumors that originate from
the interstitial cells of Cajal within the myenteric plexus of the muscularis propria (1).
GISTs can occur anywhere along the gastrointestinal tract, but they are most commonly
found in the stomach (60%), followed by the jejunum and ileum (30%). They are less often
in the duodenum (4%-5%), rectum (4%), colon and appendix (1%-2%), and the esophagus
(< 1%) (2). Extraintestinal GISTs occur in the mesentery, omentum, and retroperitoneum
(1, 3, 4). These GIST's may indicate metastatic spread from an unidentified primary tumor
or represent a distinct mass originating from the gastrointestinal tract. Sporadic GISTs can
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arise at any age but are predominantly in the sixth decade of life
(average age: 60-65 years), with a subtle male predominance (5). A
small percentage of GISTs affect children and teenagers. These
tumors are usually KIT/PDGFRA-wildtype GISTs with succinate
dehydrogenase (SDH) deficiency (6).

2 Histopathological features
2.1 Morphologic features of GIST

Histopathologically, three morphologic types are identified in
GIST (7). The most common is the spindle type, which comprises
70% of the overall GIST (Figure 1A). In this type, bland spindle-
shaped cells exhibit slightly eosinophilic cytoplasm arranged in a
syncytial formation, with elongated nuclei and barely noticeable
nucleoli (8). Artifactual paranuclear vacuoles are typical in stomach
GIST (Figure 1B). Its subtypes include sclerosing, palisaded,
vacuolated, diffuse hypercellular, or sarcomatoid features, marked
by considerable nuclear irregularity and mitotic figures. Epithelioid
GISTs, which constitute 20% of GISTs, consist of round cells
featuring cytoplasm ranging from clear to eosinophilic arranged in
clusters or nests (Figure 1C) (7). Their subtypes include sclerosing,
discohesive, hypercellular, and sarcomatous tumors with significant
atypia and mitotic activity. Mixed GISTs contain both spindle and
epithelioid tumor cells. These comprise 10% of all GISTs. Some
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molecular phenotypes are associated with specific histology. SDH-
deficient GISTs typically present with epithelioid or mixed tumor
cells, multinodular pattern, minimal nuclear pleomorphism, and
occasional atypical mitoses (6). In dedifferentiated GISTs,
anaplastic cells with an unusual phenotype are observed (9). Unlike
pleomorphic GISTSs, dedifferentiated GISTs may lose expression of
KIT and may exhibit aberrant expression of other markers, such as
cytokeratin (10). The anatomical location of GISTs was not
associated with the distribution of histological features (11).

2.2 Immunohistochemical features of GIST

Among “classic” GISTs, 95% show strong and diffuse expression
of KIT (CD117) on immunohistochemistry (Figure 1D) (12). The
intracellular staining is observed in cytoplasmic, membrane-
associated, or perinuclear dot-like patterns. In a small subset,
expression of KIT may be lacking or show very limited staining,
especially in GIST's with PDGFRA mutations (13). In recent years,
the chloride-channel protein ANO1/DOG1 has been recognized as
an equally sensitive and specific marker (Figure 1E) (14). ANO1/
DOGT1 has been known to be positive in as many as 50% of KIT-
negative GISTs (13). Another marker, CD34, is mainly expressed in
spindle cell GISTs (especially gastric tumors), while epithelioid
GISTs are less consistently positive (Figure 1F) (15). SDH-
deficient GISTs exhibit loss of SDHB protein expression,

FIGURE 1

Morphology and immunohistochemistry (IHC) of GIST (provided by Seoul St. Mary's Hospital). (A) Spindle cell-type GIST; (B) GIST with paranuclear
vacuoles; (C) epithelioid-type GIST; (D) KIT IHC (rabbit polyclonal, Dako, Glostrup, Denmark, No. A4502, 1:400); (E) DOG1 IHC (mouse monoclonal,
Novocastra, Newcastle, UK, K9, 1:200); and (F) CD34 IHC (mouse monoclonal, Agilent, Santa Clara, CA, USA, QBEnd-10, 1:100).
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regardless of which SDH gene (SDHA, SDHB, SDHC, and SDHD)
is mutated (16). Loss of expression in neurofibromin (NF1) may
help identify NF1-associated GISTs (15).

2.3 Histopathological differential diagnosis

Multiple tumors should be differentiated before GIST is
diagnosed. For spindle-type GISTs, other spindle cell neoplasms,
including leiomyoma, leiomyosarcoma, schwannoma, desmoid
fibromatosis, solitary fibrous tumor, inflammatory myofibroblastic
tumor, dedifferentiated liposarcoma, and inflammatory fibroid polyp,
should be considered (17). Due to overlap in histology, other
diagnostic modalities such as immunohistochemistry, fluorescence
in situ hybridization (FISH), and next-generation sequencing should
be accommodated (18). In epithelioid or mixed-type GISTs,
perivascular epithelioid tumors (PEComa), metastatic melanoma,
glomus tumors, and neuroendocrine neoplasms should be
differentiated (18). These tumors are more challenging to diagnose
because epithelioid and mixed-type GISTs exhibit occasional loss of
expression for KIT and DOGI. Additional ancillary tests can be
helpful in the differential diagnosis of these subtypes. In a much rarer
histologic phenotype, extraskeletal myxoid chondrosarcoma and
myoepithelial tumors of soft tissue could be considered when
diagnosing GISTs with chondroid differentiation (19).

3 Prognosis

The Armed Forces Institute of Pathology (AFIP) classification
and the Modified National Institutes of Health (NIH) classification
are still the most commonly used in clinical practice for risk
stratification of GISTs (20). The modified NIH criteria comprise
four components: size, mitotic count, site, and presence of rupture
(21). Any GISTs with a ruptured tumor should be categorized as
high risk. Gastric GISTs show a better prognosis than extragastric
GISTs, especially those smaller than 5 cm in size, and have a low
recurrence rate (22, 23). In small gastric GISTs, a high mitotic
index, aberrant p53 expression, and KIT exon 11 mutations are
related to frequent recurrence (24). Other indicators associated with
prognosis are gastrointestinal hemorrhage, high Ki67 index,
nutritional index, tumor necrosis, and younger age (25).

4 Molecular classification
4.1 Overview of molecular features

Several key signaling pathways in GIST have been established
(Table 1). KIT, PDGFRA, NF1, and SDH mutations are considered
driver mutations (26, 27). KIT or PDGFRA mutations initiate the
relevant signaling pathways, which constitutively activate MAPK,
PI3K, and STATS3 signaling cascades (28, 29). Some GISTs harbor
mutations in the RAS-family gene NF1 or BRAF (30, 31). These
mutations mediate the downstream activation of the MAPK pathway.
The NFI1 protein regulates the RAS signaling pathway inactivating
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Guanosine diphosphate (GDP) by catalytically activating Guanosine
triphosphate (GTP) hydrolysis (32). SDH-deficient GISTs exhibit the
inactivation of the SDH complex within the mitochondria, leading to
increased levels of hypoxia-inducible factor 1-o0 (HIFlo) and
stimulating transcription of vascular endothelial growth factor
(VEGF) and Insulin Like Growth Factor 2 (IGF2), which acts on
the PI3K/AKT signaling and RAS/RAF/MAPK pathways (33).
Following initiation, an early aberration includes the loss of 14q,
which is found in up to 70% of cases, resulting in somatic
homozygous inactivating mutations in the MYC-associated factor
X (MAX) gene located on chromosome 14q (34). Inactivation of
MAX leads to the inactivation of p16, which increases tumor
proliferation in the early phase. GISTs classified as intermediate
and high risk exhibit losses on 22q, 1p, 15q, 13q, and 9p (which
includes CDKN2A and p16INK4A) and/or gains at 5q, 89, 16q, and
20q (18). Transition to high-grade GIST may require additional
inactivating mutations in p16, RB1, and TP53. Inactivation of
dystrophin, encoded by the DMD gene on Xp2l.1, facilitates
metastatic potential in as many as 90% of metastatic GISTs (35).

4.2 KIT and PDGFRA mutations

Approximately 80% of GISTs harbor activating mutations in
either the KIT or PDGFRA genes (36, 37). Most KIT mutations are
somatic, with the most frequent mutations occurring in exon 11.
Deletions affecting codons 557-558 of exon 11 have been reported
in approximately 28% of all GISTs, and are associated with high-
risk tumors that have a higher mitotic index (> 5/50 HPF) and
larger (> 5 cm) tumor size (37). Tumors with this molecular
signature are commonly found in both gastric and nongastric
sites and typically develop in individuals under 60 years of age.

TABLE 1 Molecular classification of GIST.

Gene Mutation or location  Therapeutic
options
KIT (60%-70%) Exon 9, exon 11 Imatinib
Exon 13, exon 14 Sunitinib,

regorafenib, ripretinib

Exon 17 Regorafenib, ripretinib

PDGFRA
(10%-15%)

Exons 12, 14, and 18 Imatinib

(non-D842V)
Exon 15 Resistance to TKIs
Exon 18 (D842V) Resistance to TKIs

KIT or PDGFRA wildtype

NF1 Small intestine Insensitive to TKIs
BRAF BRAF inhibitors
NTRK TRK inhibitors
translocations

SDH-deficiency SHDA, SDHB, SDHC, or

SDHD mutant

Resistance to TKIs

SDHC hypermethylation Resistance to TKIs
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Although the overall prevalence of exon 11 mutations in gastric and
nongastric locations appears to vary across studies (37-40),
mutations in exon 9, 13, and 17 are more common in the small
bowel. Additionally, mutations in exons 9 and 13 are often
associated with a more aggressive phenotype (39, 41).

PDGFRA-mutated GISTs account for 10%-15% of overall
GISTs (42, 43). These GISTs are predominantly of the epithelioid
type and typically originate in the stomach. Exon 18 mutations are
the most frequently observed. The status of PDGFRA exon 18
mutations correlates with a highly favorable disease outcome
compared to KIT mutations in exons 9 and 11. However,
missense mutation p. D842V is considered imatinib-resistant
(44). Other non-p.D842V mutations are considered sensitive to
imatinib (42). Exon 14 mutations are less common and are
associated with a better prognosis.

Secondary resistance to imatinib treatment can lead to tumor
progression in one or more lesions 12 to 36 months after the initial
treatment. The resistance is caused by nonrandomly distributed Single
nucleotide variants (SNVs) affecting codons in the Adenosine
triphosphate (ATP)-binding pocket (exons 13 and 14) and the
kinase activation loop (exons 17 and 18) of KIT. The V654A
mutation in KIT exon 13 is a prevalent secondary resistance mutation.

4.3 Other mutations

GISTs that are wildtype for KIT or PDGFRA differ from KIT and
PDGFRA-mutant GISTs in their clinical and molecular behavior
(29). In SDH-competent, KIT and PDGFRA wildtype GISTs, NFI1-
related GISTs are often multicentric and predominantly located in
the small intestine, frequently exhibiting loss of heterozygosity at 14q
and 22q—traits similar to those found in sporadic KIT- and
PDGFRA-mutated GISTs (45). BRAF mutation appear to be
mutually exclusive with KIT and PDGFRA mutations. BRAF-
mutated GISTs affect both sexes equally, are commonly located in
the small bowel, and exhibit spindle cell tumor cell histology with
variable clinical behavior (45, 46). Currently, there are no established
clinical or prognostic associations linked to the status of BRAF
mutations. Despite the extreme rarity of GISTs harboring ETV6-
NTRKS3 fusions, potent NTRK inhibitors are now available (47).

4.4 SDH-deficient GIST

Alterations in SDH subunit genes are detected in 5%-10% of
GISTs. In SDH-deficient GISTs, 60% harbor inactivating mutations
(nearly always germline), and 40% harbor SDHC promoter
methylation (epimutation), leading to SDH dysfunction (16, 48).
Mutations are most frequently observed in SDHA (30%), followed
by SDHB, SDHC, and SDHD (together accounting for 20%-30%).
Approximately half of SHD-deficient GISTs are caused by
hypermethylation (16). SDH-deficient GISTs usually occur in
patients < 40 years of age, have a female prevalence, and are most
commonly located in the stomach (with the antrum being the most
frequent site and the lesser curvature the second most common)
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(6, 49). Tumors exhibit characteristic morphologic features,
including epithelioid or mixed epithelioid/spindle cells,
multinodular and plexiform growth patterns, the occurrence
of multiple tumors, less atypical or pleomorphic nuclei,
lymphovascular involvement, and lymph node metastasis. The
clinical course of SDH-deficient GISTs is relatively indolent
compared to SDH-wildtype GISTs, but it is not sensitive to
imatinib. Syndromic SDH-deficient GISTs include the Carney
triad (CT) and Carney-Stratakis syndrome (CSS) (16, 50, 51). CT
is characterized by the synchronous or metachronous occurrence of
at least three different tumor types: GIST, pulmonary chondroma,
and paraganglioma. CT mainly affects females, and no hereditary
patterns have been reported. Most cases of CT exhibit
downregulation of SDH due to site-specific hypermethylation of
the SDHC gene. A distinct dyad of familial multicenter
paraganglioma and gastric multifocal GISTs characterizes CSS.
Unlike CT, CSS follows an autosomal dominant inheritance
pattern that affects both sexes during childhood and adolescence.
In CSS, SDH deficiency is caused by inactivating germline
mutations or large deletions in the SDHB, SDHC, or SDHD
genes, which encode the B, C, or D subunits of the SDH enzyme.

5 Conclusions

The standard treatment of primary GIST is surgery (52, 53).
However, relapse and progression to advanced stages are substantial
concerns. For metastatic GIST, surgery has limited values (54).
Tyrosine kinase inhibitor (TKI) imatinib is considered a first-line
therapy. Second (sunitinib) and third-line (regorafenib) TKI therapies
have been developed due to the common occurrence of imatinib
resistance (55, 56). However, these TKIs may also face resistance and
are primarily effective against GISTs with KIT mutations. This is
epically devastating for pediatric GIST, which most frequently
presents as KIT and PDGFRA wildtype (57). Therefore, other
treatment options, including novel fourth-line TKI, radiotherapy,
combination TKIs, antibody-drug conjugates, and immunotherapy,
are being developed. Recently, immune checkpoints such as PD-L1,
PD-1, and CTLA-4 have emerged as potential prognostic biomarkers
for GIST. Preclinical and clinical data have also highlighted the
relevance of the tumor microenvironment in GISTs, with possible
implications for clinical practice in the near future (58, 59). In a meta-
analysis of rectal GISTs, neoadjuvant chemotherapy showed favorable
results compared with adjuvant therapy (60). Therefore, with
advanced knowledge of pathological and molecular features, further
studies should be conducted to determine the optimal treatment
strategy for patients with GIST.

Overall, GISTs represent a diverse and complex group of
neoplasms with distinct histopathological, molecular, and clinical
characteristics that significantly impact treatment and patient
outcomes. While surgical resection remains the cornerstone of
treatment, advances in underlying genetics, notably in KIT and
PDGFRA mutations, have been pivotal in developing targeted
therapies, including TKIs, and improving prognostic assessment.
However, significant challenges remain, including managing
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resistance to TKIs and identifying novel treatments for SDH-
deficient, wildtype, and pediatric GISTs, which are less responsive
to current therapies. Continued research on GIST pathology and
molecular biology, along with the exploration of novel therapeutic
options such as immunotherapy, is essential for refining treatment
strategies and improving outcomes for all GIST patients.
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