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Abstract Gastrointestinal stromal tumor is the most common mesenchymal neo-
plasm arising the gastrointestinal tract. The primary tumor ist most common in the
stomach (60-70%), followed by the small intestine (20-25%), colon and rectum
(5%), and esophagus (less than 5%). The median age at diagnosis is between 60 and
65 years. Histologically, GIST is characterized by its immunopositivity for CD117
(KIT). Clinically, there is a paucity of specific symptoms and a majority of cases
becomes symptomatic after local compression caused by tumor mass. Surgery is the
main treatment for localized disease. The indication for adjuvant imatinib is based
upon risk factors such as primary tumor site, tumor size and number of mitosis.
KIT-targeted tyrosine kinase inhibitors (TKI) are the cornerstone for the treatment
of metastatic disease. Imatinib is the drug of choice in the first-line setting. Sunitinib,
regorafenib, and pazopanib are studied further-line treatment optionse.
Immunotherapy studies are ongoing for TKI-refractory patients.
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Abbreviations

GIST: Gastrointestinal Stromal Tumor
PDGFRA: Platelet-derived Growth Factor Receptor Alpha
NF-1: Neurofibromatosis type I

SDHB/C/D:  Succinate Dehydrogenase Complex Subunit B, C or D
RTK: Receptor Tyrosine Kinase

SMA: Smooth Muscle Actin

SCF: Stem Cell Factor

DOGTI: Discovered on GIST

SDH: Succinate Dehydrogenase

ESMO: European Society for Medical Oncology
CT: Computed Tomography

MRI: Magnetic Resonance Image

PET: Positron Emission Tomography

AFIP: Armed Forced Institute of Pathology
NIH: National Institutes of Health

HPF: High Power Fields

NA: Not Available

EUS: Endoscopic Ultrasound

RFS: Relapse-free Survival

SSG: Scandinavian Sarcoma Group

CIL: Confidence Internal

ATP: Adenosine Triphosphate

NCCN: National Cancer Comprehensive Network
TSH: Thyroid-Stimulating Hormone

BSC: Best Supportive Care

TAM: Tumor-associated macrophages

CTLA-4: Cytotoxic T-lymphocyte Associated Protein 4
PD-1: Programmed-death Receptor 1

PD-L1: Programmed-death Receptor Ligand 1
ITT: Intention-to-treat

RECIST: Response Evaluation Criteria In Solid Tumors

37.1 Definition

GIST is the most common mesenchymal tumour in the gastrointestinal tract. GIST
is generally characterised by immunopositivity for CD117 (KIT) and arises from
interstitial cells of Cajal that are normally part of the autonomic nervous system of
the intestine.
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37.2 Epidemiology

GIST represents the most frequent mesenchymal tumour in the gastrointestinal
tract, representing 1-3% of gastrointestinal malignancies [1, 2]. The annual inci-
dence of GIST is approximately 15 per million per year [3]. The incidence has
dramatically increased in the last decade mostly due to improved histopathologic
detection and greater awareness, although the true incidence may also be increasing
[4]. More recent data suggest that the frequency of incidentally detected subcenti-
metre gastric GIST lesions may be much higher than expected [5].

The median age is approximately 60-65 years [6, 7]. However, GIST has been
reported in all age groups but is extremely rare in children. In the young subpopula-
tion, GIST represents a distinct subtype, characterised by female predominance and
the absence of KIT/platelet-derived growth factor alpha (PDGFRA) mutations [8].

There is no clear predilection for either gender, but some data have suggested a
slight male predominance [6].

Although most GISTs appear to be sporadic, less than 5% occur as part of hered-
itary familial syndromes either with mutations in the KIT gene or in the form of
idiopathic multitumour syndromes such as neurofibromatosis type I (NF-1), the
Carney triad (GIST, paraganglioma and pulmonary chordomas) and the Carney-
Stratakis-syndrome (dyad of GIST and paraganglioma) [9-11] (Table 37.1).

In adult patients, approximately 60% of GISTs occur in the stomach and 30% in
the small intestine. Other sites of origin are the colon, including the rectum, in
approximately 5% and the oesophagus in approximately 1% of adult patients.

Table 37.1 Characteristics of sporadic and hereditary GIST

Sporadic GIST Familial GIST Carney’s Triad Carney-Stratakis- NF-1
Syndrome

Median age ~60 years ~40-50 years < 35 years < 25 years ~ 50 years
Gender No No w>m No No
predilection
Associated No Hyperpigmenta Paraganglioma, Paraganglioma Neurofibroma, skin
syptoms tion, urticaria pulmonary changes
pigmentose, chordoma
mastocytosis,
dysphagia
Mutations No germ line KIT/PDGFR Not known SDHB/C/D NF1, Neurofibromin
mutations
Inheritance = Autosomal = Autosomal dominant Autosomal dominant
dominant
Histology Spindel cell > See sporadic Epithelioid See sporadic GIST Spindle cell
epithelioid > GIST
mixed cell
Localisation Stomach, small Small intestine, Stomach Stomach Small intestine

intestine,
rectum,
mesenterial,
others

stomach, rarely
rectum

Adapted with permission from Ref. [12]
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Rarely, GISTs develop outside the gastrointestinal tract in the mesentery, omentum
or retroperitoneum. However, most of those extragastrointestinal GISTs are meta-
static or may be detached from a gastrointestinal primary source [13, 14].

37.3 Histology

37.3.1 Cellular Origin

Based on their histology, GISTs were originally considered to be derived from
smooth muscle. However, they rarely showed clear-cut features of complete muscle
differentiation. Additionally, in many cases, their immunophenotypic profile dif-
fered from that of leiomyomas arising from other sites (e.g., the uterus or soft tis-
sue). The understanding of GIST biology changed significantly with the identification
of the near-universal expression of the CD117 antigen, also known as proto-
oncogene c-kit, in GISTs in the late 1980s [15]. At that time, it was shown that the
interstitial cells of Cajal that are part of the autonomic nervous system of the intes-
tine and that serve a pacemaker function in controlling motility express the KIT
receptor [16]. Interstitial cells of Cajal have immunophenotypic and ultrastructural
features of both smooth muscle and neuronal differentiation. Because GISTs, like
interstitial cells of Cajal, express KIT, interstitial cells of Cajal are thought to be the
cell of origin. Additionally, as two-thirds of GISTs express CD34, it is postulated
that GISTs originate from CD34-positive stem cells within the gut wall differentiat-
ing toward the pacemaker cell phenotype with time [17, 18].

37.3.2 Histopathology

The differential diagnosis of a subepithelial tumor arising in the gastrointestinal
tract is broad, and histologic findings observed on haematoxylin and eosin-stained
sections are not specific for GIST. The cellular morphology of GISTs is mainly
divided into three categories, namely the spindle cell type (70%), epithelioid type
(20%) and mixed type (10%) [14, 19]. Whereas gastric, small intestinal and colonic
GISTs are mostly composed of spindle cell tumours, KIT-negative GISTs are more
often of the epithelioid type [20]. The epithelioid variant may show discohesive,
hypercellular, sarcomatous morphology with significant atypia and mitotic activity
[21].
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37.3.3 Immunohistochemical Features

KIT-positive GIST:

A significant breakthrough was the discovery that most GISTs show strong posi-
tivity for CD117 (KIT) in contrast to leiomyomas, true leiomyosarcomas and other
spindle-cell tumors of the GI tract, which were typically CD117 negative [22].
CD117 is an antigen that is part of the KIT transmembrane receptor tyrosine kinase
(RTK) family and is the product of the KIT proto-oncogene (also denoted c-kit). In
more than 80% of GISTs, a mutation in the KIT gene leads to a structural variant of
the KIT protein, which is abnormally activated and plays an essential role in cell
survival, proliferation and differentiation. When KIT binds to its ligand, it forms a
dimer that activates its intrinsic tyrosine kinase activity that, in turn, phosphorylates
and activates signal transduction molecules that propagate the signal in the cell
(Fig. 37.1).

Immunohistochemically, most GISTs (>90%) show strong positivity for CD117
and usually negativity for desmin and S-100, which are positive in smooth muscle
and neural tumors [23]. Although KIT positivity is a major defining feature for
GIST, its expression may not be sufficient for diagnosis. KIT-positive malignancies
include metastatic melanoma, angiosarcoma, the Ewing’s sarcoma family of
tumours, seminoma, and others [24]. Other commonly expressed markers of GIST
include CD34 antigen (70%), smooth muscle actin (SMA; 30-40%), desmin (<5%),
and S100 protein (~5%) [25]. In contrast to GIST, leiomyoma and leiomyosarcoma

Normal activation by stem cell factor Abnormal self-activation
resulting from mutation

114 Membrane i1 HHHTHHT

Cytoplasm

KIT KIT
Signaling Signaling
cascade cascade

Fig. 37.1 Activation of KIT. Two KIT receptors normally dimerise in the presence of the ligand
stem cell factor (SCF) to initiate downstream signalling (left). Mutations in the receptor cause
abnormal constitutive signalling without stimulation from the SCF ligand (right). Hornick JL, MD
PhD, Harvard Medical School, Department of Pathology, Boston, MA, and Lazar AJF, MD PhD,
Sarcoma Research Center, M. D. Anderson Cancer Center Houston, Texas, reproduced with per-
mission of GIST Support International
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are positive for SMA and desmin and negative for KIT and CD34. Malignant mela-
noma exhibits diffuse immunoreactivity for S100 protein but can be focally positive
for KIT. Schwannomas are strongly and diffusely immunoreactive for S100 protein
and negative for KIT [26] (Figs. 37.2 and 37.3).

KIT-negative GISTs:

A small subset of GISTs lacks the characteristic KIT mutations [20, 27]. In a
proportion of these tumours, activating mutations in the related RTK, PDGFRA,

Fig. 37.2 Histologic subtypes of GIST. (a) GIST, spindle cell type. (b) GIST, epitheloid type.
(Courtesy of Anja Schmitt, MD, Department of Pathology, University Hospital Bern)
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Fig. 37.3 Immunohistochemistry of GIST. (¢) Immunohistochemical positivity for c-KIT. (d)
Immunohistochemical positivity for DOG-1. (e) Immunohistochemical positivity for CD34. (f)
Immunohistochemical positivity for PDGFRalpha. (Courtesy of Anja Schmitt, MD, Department of
Pathology, University Hospital Bern)
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were detected [28]. Many of these PDGFRA-mutant GISTs have an epithelioid
morphology. Immunostaining with PDGFRA was shown to be helpful in discrimi-
nating between KIT-negative GISTs and other gastrointestinal mesenchymal tumors
[29, 30].

DOGI, a calcium-dependent, chloride channel protein, is another highly sensi-
tive and specific marker that often reacts with CD117-negative GISTs [31]. DOGI
expression does not appear to be different between the KIT/PDGFRA mutant or
wild-type GISTs. Hence, this marker can be used to diagnose KIT-negative tumour
variants.

Inactivation of the succinate dehydrogenase (SDH) complex appears to be an
event shared by sporadic and syndromic GISTs that lack mutations in KIT and
PDGFRA [32]. Immunohistochemical loss of succinate dehydrogenase subunit B
(SDHB) has been shown to be a practical marker to identify SDH-deficient GISTs
[33].

The experience with these novel immunomarkers (other than KIT) is currently
limited, and problems exist concerning the quality and availability of the commer-
cial antibodies used to stain for them.

37.3.4 Molecular Pathology

Mutational analysis is an essential diagnostic tool in GIST and plays a key role in
the confirmation of the diagnosis and in getting prognostic and predictive, hence
treatment-relevant—information.

As noted previously, 95% of adult GISTs overexpress KIT, and approximately
one-third of KIT-negative GISTs express DOGI1. Therefore, the diagnosis of GIST
can be made in most of the cases by observing the macroscopic, microscopic and
immunophenotypic characteristics. In cases where the diagnosis of GIST cannot be
made based on these features, mutational analysis can be helpful to confirm the
diagnosis.

Approximately 80-90% of GISTs have oncogenic mutations, most of them in
KIT and approximately 6-8% in the PDGFR oncogene. Both of these genes are
located on the 4q12 chromosome and encode receptor tyrosine kinases. These onco-
genic mutations are the reason for the constitutive activation (“‘gain of function”) of
the respective proteins, leading to uncontrolled stimulation of KIT- and PDGFR-
dependent signalling pathways [22].

KIT mutations mostly affect exon 11 and, less commonly, exon 9, 13, or 17 [34]
(Fig. 37.4).

Oncogenic mutations in GISTs include in-frame deletions, missense mutations
and tandem duplications. Notably, different mutations are associated with specific
tumour locations and maybe clinically more relevant. The prognosis and treatment
response correlate with the underlying kinase genotype. Whereas exon 11 mutations
are found in virtually every anatomic region, exon 9 mutations are almost exclu-
sively found in intestinal tumours. Tandem duplications are associated with a gastric
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KIT PDGFRalpha
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= Exon 17 (1%) === Exon 18 (6%)

Fig. 37.4 KIT and PDGFRalpha structure. (Adapted from Corless et al. Annual Review of
Pathology: Mechanisms of Disease 2010)

origin and favourable prognosis. Gastric GISTs with exon 11 deletions have a worse
prognosis than those with missense mutations [35, 36]. In terms of the response to
systemic therapy, patients with exon 11 mutations are more likely to respond to
imatinib than those with other mutations (e.g., in exon 9) or those who lack muta-
tions altogether [37].

PDGFR mutations are mainly located in exons 12, 14, and 18 (Fig. 37.3) [38]. A
subset of gastric GISTs, particularly tumours with epithelioid morphology, has
these types of mutations. The most common mutation is the point mutation D842V,
which is relatively insensitive to imatinib although other GIST subtypes confer sen-
sitivity to this agent [28].

GISTs without KIT and PDGFR mutations have been called “wild-type” GISTs,
suggesting that these tumours do not have any mutations.

Recently, some GISTs that lack mutations in KIT/PDGFRA have been shown to
have inactivation or a deficiency in the SDH complex. Somatic and germline muta-
tions in the genes encoding for the B, C, and D subunits of the SDH enzyme have
been described in children and adults with sporadic GISTs that are wild-type for
KIT and PDGFRA and those arising in the setting of the inherited Carney-Stratakis
syndrome [32, 39].

In a very small population of “wild-type” GISTs, activating oncogenic mutations
in BRAF and KRAS have been detected. The clinical relevance of those subentities
is unknown, although few data suggest the activity of BRAF inhibitors [40, 41].

Hence, the definition of “wild-type” GIST is changing, and the presence of dif-
ferent new molecular markers has been confirmed. A new definition of “wild-type”
GIST was proposed at the ESMO Sarcoma Conference 2014, defining this cohort as
lacking KIT exon 9,11,13, and 17 and PDGFR exon 12,14, and 18 mutations.
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37.4 Clinical Presentation

GISTs are associated with a broad range of symptoms. Although many smaller
GISTs are detected incidentally during endoscopy, surgery or radiologic imaging,
others present with various symptoms. Symptoms and signs are not disease specific
but are related more to the site of disease. The most common clinical features are the
following:

- Vague abdominal complaints (early satiety, bloating, loss of appetite, nausea,
vomiting)

- Fatigue secondary to anaemia

- Gastrointestinal bleeding

- Intraperitoneal haemorrhage

- Symptoms of obstruction

- Symptoms of tumour perforation

- Rarely severe hypoglycaemia due to paraneoplastic tumour production of
insulin-like growth factor-2 [42].

Recurrence after primary local treatment is mainly intra-abdominal. The most
common site of metastasis is the liver, whereas bone, peripheral skin, soft-tissue and
pulmonary metastasis occur much less frequently. Similarly, lymph node metastasis
is a very rare condition [43].

37.5 Diagnosis and Staging

The primary investigations before the diagnosis of GIST is made are usually upper
or lower endoscopy, abdominal ultrasound or CT. In addition to rectal and liver
lesions, where local MRI is much more precise in providing diagnostic and preop-
erative staging information, the initial modality of choice for staging work-up
should include contrast-enhanced abdominal and pelvic CT. The initial work-up
should be completed using patient history, routine laboratory testing and chest CT
or X-ray [44]. The usual CT appearance of GIST is quite specific and is character-
ised by a solid, smoothly contoured, soft-tissue mass with heterogeneous enhance-
ment. Larger tumors may include varying degrees of necrosis and haemorrhage
[45].

GISTs are positron emission tomography (PET)-avid tumors. Although routine
PET for staging and follow-up is not yet recommended, it could be useful to dif-
ferentiate an active tumor from necrotic or inactive scar tissue, to reveal a small
metastasis that would have been missed otherwise and to determine when early
detection of the tumor response to tyrosine kinase therapy is of special concern [46,
47].

Obtaining adequate tumor tissue material for definitive diagnosis before surgical
resection has been challenging. Because these tumors tend to be soft and friable,
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biopsy may cause tumour rupture and may be associated with an increased risk for
tumor dissemination. Therefore, preoperative biopsy is not generally recommended
if the appearance on CT is highly suspicious of GIST, the tumor is resectable
tumour, and the patient is operable. Conversely, biopsy might be needed if radio-
logic characteristics are atypical, and if preoperative therapy is being considered for
unresectable or marginally resectable tumors. As percutaneous biopsy carries the
theoretical risk of tumor rupture with peritoneal spread of disease, endoscopic
ultrasound-guided biopsy is preferred over a percutaneous one [48, 49].

37.6 Risk Stratification and Stage Classification

Based on three large retrospective trials performed at the Armed Forced Institute of
Pathology (AFIP), the tumor size and mitotic rate were identified as the most impor-
tant prognostic factors [1, 21, 50]. Because this series represents the largest pub-
lished GIST cohort with long-term follow-up in the preimatinib era, the data formed
the foundation for the National Institutes of Health (NIH) consensus approach to
risk stratification of GISTs published in 2002 [25].

Subsequently, evaluating long-term follow-up of even more patients, Miettinen
et al. suggested new guidelines for the risk stratification, including the primary
tumour site as a relevant prognostic factor considering that anatomic location affects
the risk for disease recurrence and progression. When using these tools, it is impor-
tant to appreciate that the mitotic index and tumor size are non-linear continuous
variables, so thresholds should be interpreted wisely (Table 37.2).

Table 37.2 AFIP classification

Risk for progressive diesease (defined as metastasis or tumour-related death)

Mitotic index Size (cm) Gastric Duodenum Jejunum or Rectum
(counts per 50HPF) lleum
<5 <2 None (0%) None (0%) None (0%) None (0%)
>2<5 Very low (1.9%) Low (4.3%) Low (8.3%) Low (8.5%)
>5<10 Low (3.6%) Moderate (24%) n.a. n.a.
>10 Moderate (10%) High (52%) High (34%) High (57%)
>5 <2 None# High#® n.a. High (54%)
>2<5 Moderate (16%) High (73%) High (50%) High (52%)
>5<10 High (55%) High (85%) n.a. n.a.
>10 High (86%) High (90%) High (86%) High (71%)

Adapted with permission from Ref. [13]
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According to these guidelines, gastric GISTs that are 2 cm or smaller with a
mitotic index of 5 or less per 50 HPF can be regarded as essentially benign, but
gastric lesions larger than 2 cm with the same mitotic index have a risk for recur-
rence. Data are lacking on the prognosis of patients with GISTs smaller than 2 cm
with a mitotic count of more than 5 per 50 HPF. Additionally, these data confirmed
that small intestinal GISTs are more aggressive than gastric GISTs of equal size
This risk classification is an accepted and widely used tool and mainly serves to
discriminate patients benefiting from adjuvant systemic therapy [13, 51].

A nomogram was recently published by the Memorial Sloan-Kettering Cancer
Center that can be used as an alternative to the risk stratification schema described
above. The nomogram can quantify the risk of disease recurrence after complete
resection as a continuous variable [52].

A Gastric, rupture unknown

B Mon-gastric, rupture unknown € E-GIST, rupture unknown

Mitotic count

F E-GISTwith no rupture
T

U Gastricwith no rupture E Non.-gastricwith no rupture

Mitotic count

G Gastricwith rupture H non.gastric with rupture | E-GISTwith rupture
50 T T
s 5
3
3.
§ 10
£ 5 =
2 - r
. - !
° T T T T 1 ;
01 2 5 10 15 25 o1 2 5 10 15 5 o1 2 5 10 15
Tumour size (cm) Tumaour size jcm) Tumour size {cm)

0% 10% 20% 40% 60%  BO% 90% 100%

Fig. 37.5 Contour maps for estimating the risk of GIST recurrence after surgery. The upper-row
maps are used when the tumor rupture status is unknown (a—c), the middle-row maps are used
when the tumor has not ruptured (d—f), and the bottom-row maps are used when tumor rupture has
occurred (g-i). Red areas depict high risk, blue areas depict low risk, and white areas indicate a
lack of data. The percentages associated with each colour (key) indicate the probability of GIST
recurrence within the first 10 years of follow-up after surgery. For example, the middle map of the
far left column (d) shows that the 10-year risk of GIST recurrence of a patient diagnosed with a
10-cm gastric GIST with five mitoses per 50 high power fields (HPFs) of the microscope and no
rupture is 20-40%. The 10-year risk associated with a similar tumour when the mitosis count is ten
per 50 HPFs increases to 40-60%. E-GIST extragastrointestinal stromal tumour (arising outside
the gastrointestinal tract). (Reprinted with permission from Ref. [54])
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Fig. 37.6 Recurrence-free survival in 127 patients with completely resected localized gastrointes-
tinal stromal tumor (GIST) based on the type of mutation. (Reprinted with permission from Ref.

[55D)

Tumor rupture, either at surgery or spontaneously, should be regarded an inde-
pendent risk factor affecting prognosis negatively [53]. Considering this additional
risk factor, Joensuu et al. recently proposed a novel, modified risk classification
system by generating prognostic heat and contour maps [54] (Fig. 37.5).

Thus far, mutational status has not been incorporated in any risk classification,
although some genotypes have a distinct natural history [44, 55] (Fig. 37.6).

Although the TNM classification was published recently, it does not have a clini-
cal impact due to several limitations and, thus, is not recommended [56].

37.7 Management of GIST

For optimal management of GIST patients, it is essential to discuss all relevant
information, including medical history and laboratory and radiologic findings,
within a multidisciplinary team. Pathologists, radiologists, surgeons, and clinical
and medical oncologists should be involved in the decision making to ensure the
best treatment strategy for each individual with this disease.
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37.7.1 Primary Local Treatment

Complete surgical removal (RO excision) of localised GISTs is the mainstay of
treatment for potentially resectable tumours with a size >2 cm [57]. Routine lymph
node dissection should not be performed because lymph node metastasis is an
extremely rare event [58]. Nevertheless, approximately 50% of GISTs will recur
[43]. Resection can be performed by traditional open surgery or laparoscopic sur-
gery, although the latter approach should only be performed by surgeons with
expertise in the laparoscopic management of cancer and mainly for gastric prima-
ries [59]. The importance of achieving negative microscopic margins is a controver-
sially discussed issue because a negative impact on OS in patients treated with
adjuvant imatinib is lacking. However, R1 resection may be associated with a
greater risk for recurrence [60]. A re-resection in a R1 situation is not mandatory but
may be carried out if functional sequelae are not expected. Depending on the pri-
mary tumour site (oesophago-gastric junction, small intestine, rectum), neoadjuvant
treatment with imatinib should be considered (see Sect. 37.7.2).

The natural history of small oesophago-gastric and duodenal lesions smaller than
2 cm in size regarding the growth rate and metastatic potential is difficult to antici-
pate. Many of these lesions will have a very low risk of tumour progression and a
low metastatic potential. Endoscopic biopsy may be difficult, and tumour spillage
remains a relevant risk. Hence, endoscopic ultrasound assessment and regular fol-
low-up are reasonable in these cases. Should there be any feature of malignant
behaviour on ultrasound a resection should also be performed. An algorithmic

Symptomatlc
yes

’ Suspicious EUS features*

no

yes
ﬁ EUS surveillance

*suspicious endoscopic ultrasound features (EUS):
Irregular border, cystic spaces, ulceration, echogenic foci, heterogeneity

Fig. 36.7 Proposed algorithm for the management of localized gastrointestinal stromal cell
tumors. (Reprinted with permission from Ref. [49])
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approach to the management of gastric GISTs based on size and endoscopic ultra-
sound (EUS) appearance has been proposed [49] (Fig. 36.7).

37.7.2 Neoadjuvant Systemic Therapy

The aim of neoadjuvant systemic therapy is to reduce the size of a locally advanced
GIST to increase the likelihood of complete resection, reduce surgical morbidity
and eventually limit the risk of tumour rupture. Because there are no prospective
randomised data, the recommendations on neoadjuvant imatinib therapy are largely
based on a few prospective, non-randomised and mainly retrospective studies
[61-64].

Eisenberg and colleagues published a prospective phase II RTOGO0132/
ACRING6665 trial investigating the feasibility of neoadjuvant imatinib in KIT-
positive, resectable >5-cm primary GIST, or resectable, recurrent GIST. Sixty-three
patients received 600 mg/day of imatinib for 8—12 weeks prior to surgery and then
continued imatinib for 2 additional years. Among the patients with localised pri-
mary disease, only two (7%) had an objective response to preoperative imatinib, but
stable disease was achieved in 25 (83%) patients. In 77% of these patients, complete
resection could be performed. The present study confirmed the safety of administer-
ing imatinib neoadjuvantly, although the treatment period was quite short [61].
Another open-label, single-arm phase II study from Canada investigated neoadju-
vant imatinib treatment with 400-600 mg daily in patients with locally advanced or
metastatic GIST that was potentially resectable. Imatinib was administered for a
maximum of 12 months to a maximal tumour response. Six of 14 patients showed a
partial response, and eight showed stable disease; no progressive disease was docu-
mented. The median treatment duration was 9 months. Therefore, the authors con-
cluded that the optimal preoperative treatment duration should be between 6 months
and 12 months [64].

Taken all together, the data reveal that there is no consensus regarding the indica-
tions for neoadjuvant therapy because a particularly treatment benefit was not
proven. However, preoperative therapy is a widely accepted concept, particularly in
large, bulky tumours of any origin and notably in GIST arising in the oesophagus,
oesophago-gastric junction, duodenum and distal rectum, to reduce significant sur-
gical morbidity. Importantly, a biopsy to confirm the diagnosis and exclude imatinib-
resistant mutations is mandatory. The treatment response to imatinib should be
evaluated early during the treatment course to exclude tumour progression and pre-
pone resection.

To date, questions regarding the imatinib dose in patients with exon 9 mutation
and the duration of additive adjuvant treatment in this specific situation remain
unanswered, but a total duration of 3 years appears reasonable.


http://www.uptodate.com/contents/imatinib-drug-information?source=see_link

37 Gastrointestinal Stromal Tumor (GIST): Diagnosis and Treatment 831
37.7.3 Adjuvant Systemic Therapy

Although surgery remains the therapeutic modality of choice for localised GIST, the
risk of recurrence following complete excision is still eminent. In a recently pub-
lished analysis of a pool of 2560 patients, including 10 different population-based
published series, the estimated 5-, 10-, and 15-year relapse-free survival [RFS] rates
were 71%, 63%, and 60%, respectively [54]. This meaningful risk of recurrence is
likely due to persistent microscopic disease following surgery. Therefore, the effect
of adjuvant systemic treatment with imatinib has been explored subsequently to
improve the likelihood of survival in patients with a high risk of recurrence.
However, there is no clear consensus from expert groups regarding the level or cut-
off of recurrence risk that would justify the use of adjuvant imatinib [44].

After a few phase II trials with very promising results, the benefit of adjuvant
imatinib therapy has been evaluated in at least 3 randomised studies.

In the multicentre, randomised, double-blind and placebo-controlled US trial
79001, 713 patients with a resected GIST and a tumour >3 cm in size were included
and patients were randomly assigned to imatinib 400 mg/day or placebo for 1 year.
The study was closed after the first interim analysis, which confirmed a significant
reduction in recurrence-free survival that was subsequently the primary endpoint.
After a median follow-up of 19.7 months, the 1-year RFS rate was 98 versus 83%
favouring imatinib, with a hazard ratio for RFS of 0.35 and a 95% CI of 0.22 to 0.53.
A benefit in terms of OS could not be confirmed most likely due to cross-over to
active treatment and the short duration of follow-up. Imatinib was well tolerated and
showed the known toxicity profile (see below) [65]. That pivotal study led to the
accelerated approval of imatinib for the adjuvant treatment of completely resected
GISTs >3 cm in size. Notably, patients were not stratified according to tumour site
and mitotic rate.

The second practise-changing phase III trial was performed by the Scandinavian
Sarcoma Group (SSG) XVIII comparing 12 versus 36 months of adjuvant imatinib
treatment. Eligible patients were of high risk defined according to the modified
consensus criteria as having at least one of the following: a tumor size >10 cm, a
mitotic count >10/50 high-power fields (hpf), a tumor size >5 cm with a mitotic rate
>5/hpf, or tumour rupture. After recruitment of 400 patients with a median follow-
up of 54 months, patients in the 3-year arm showed a significant improvement in
RFS, the primary endpoint (5-year RFS, 66 versus 48%; HR, 0.46; 95% CI, 0.32—
0.65) as well as overall survival (OS, 92 versus 82%; HR, 0.45; 95% CI, 0.22-0.89).
Subgroup analysis demonstrated that patients with exon 9 or PDGFRA mutation did
not show a treatment benefit. In summary, these data established at least 36 months
of adjuvant imatinib as a new standard for patients with high-risk GIST [66].

Recently, an abstract of the EORTC 62024 study randomising GIST patients
between 2 years of adjuvant imatinib and no adjuvant treatment was presented and
showed no significant benefit in the primary endpoint, which was imatinib-free sur-
vival, under the intermediate- and high-risk scenario [67]. These results per se
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implicate that progression of GIST may be delayed but survival might not be
improved with the available TKIs.

A few outstanding questions need further investigation. First, whereas there is a
consensus that PDGFRA D842V-mutated GISTs should not be treated with adju-
vant therapy due to their lack of imatinib-sensitivity, the treatment dose in patients
with exon 9 mutation is a matter of debate and 800 mg/day of imatinib may be used
analogous to the evidence in the metastatic tumour stage. However, there are often
regulatory problems limiting this practise. Additionally, we could not confirm
whether “wild-type” GISTs also benefit from adjuvant therapy considering their
lower sensitivity to imatinib and more indolent natural history [37, 38, 68].

Second, the question remains concerning the optimal treatment duration and
whether treatment should be continued for longer than 3 years. In the Scandinavian
trial from Joensuu et al., in both groups, within 6—12 months of discontinuation of
adjuvant imatinib, the rates of disease recurrence were similarly increased [66].
Similarly, we know from the BFR-14 trial, in patients with advanced GIST, that
some patients who had a complete response to imatinib relapsed even after 5 years
of treatment when therapy was interrupted therapy [62]. Hence, the latter findings
raises questions as to whether recurrences are truly being prevented or just delayed
and whether the duration of adjuvant therapy should be beyond 3 years. Currently,
a phase II, non-randomised, open-label multicentre study is investigating 5 years of
adjuvant imatinib therapy in patients at significant risk for recurrence following
complete resection of primary GISTs (NCT00867113).

Additionally, the optimal treatment duration in the case of tumour rupture is
unknown given the uncertainty concerning whether these patients should be viewed
as virtually metastatic.

Finally, there is no consensus concerning the definition of high-risk GIST, which
depends on different risk classifications.

37.7.4 Systemic Treatment in the Palliative Setting
37.74.1 Cytotoxic Chemotherapy

Until 2000, the diagnosis of GIST was not well defined. Therefore, trials published
before that time included a mixture of so-called GISTs, leiomyosarcoma and differ-
ent other sarcoma subtypes, indicating meaningless clinical activity in these patients.
Since then, a few trials have investigated the efficacy of cytotoxic chemotherapy in
specific GISTs, confirming a very low response rate of 0-5% [69-71]. As such,
overall, the data strongly support the lack of benefit of cytotoxic agents for the treat-
ment of GISTs. Hence, the use of cytotoxic agents is not recommended in daily
practise.
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37.7.4.2 First-Line Treatment: Imatinib

Imatinib mesylate is a pyrimidine derivative that functions as a specific inhibitor of
several tyrosine kinase enzymes, mainly ABL, BCR-ABL, KIT and PDGFR. Imatinib
works by binding close to the ATP binding site, locking it and thereby preventing
substrate phosphorylation, subsequently leading to the inhibition of signalling path-
ways involved in proliferation and survival [72, 73].

Many studies have confirmed the impressing benefit of imatinib in metastatic
GISTs [74, 75]. The standard dose of imatinib is 400 mg daily. A higher dose level
of 600 or 800 mg daily was studied in different randomised trials and have failed to
show significantly greater efficacy for higher imatinib doses. Trial data are indica-
tive of more side effects from higher-dose therapy [76—78]. One possible explana-
tion for the failure to demonstrate a benefit from higher imatinib doses is interpatient
variability in pharmacokinetic exposure. In a study including 73 patients who were
randomly assigned to 400 or 600 mg of imatinib daily, there was a tenfold variance
in trough levels with either dose. Clinical outcomes were correlated with steady
state trough levels. Trough values below 1100 ng/mL were associated with a signifi-
cantly shorter time to tumor progression and a lower rate of clinical benefit com-
pared with higher trough levels [79, 80].

Another finding in different imatinib trials was the influence of mutations on the
treatment response. For example, in the US Intergroup trial comparing 400 with
800 mg of daily imatinib, patients whose tumors expressed an exon 11 mutant iso-
form were more likely to have an objective response to imatinib compared with
those with an exon 9 isoform or those who had no kinase mutations (72 versus 44
and 45%, respectively). Patients with an exon 11 mutation also had a significantly
longer time to disease progression (25 versus 17 and 13 months, respectively) and

Table 37.3 Imatinib adverse events

Edema or fluid retention 71,2 1,4
Nausea 50,7 1,4
Diarrhoe 39,7 1,4
Myalgia or musculoskeletal 37 0
pain

Fatigue 30,1 0
Dermatitis or rash 24,7 2,7
Neutropenia 8,2 6,8
Abnormal liver-function tests 5,5 2,7

Adapted from Ref. [76]
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median overall survival (median 60 versus 38 and 49 months, respectively).
However, improved response rates were documented for patients with exon 9—
mutant tumors treated with imatinib 800 mg versus 400 mg (CR/PR, 67% v 17%;
p 0.02) [81].

Additionally, considering PDGFRA mutations, the D842V subtype was shown
to be imatinib resistant, whereas other PDGFRA mutations appear to be imatinib
sensitive [82].

In summary, most of the international guidelines (NCCN, ESMO) recommend a
treatment start of 400 mg of imatinib. Should mutational analysis be available and
exon 9 mutation is found, a starting dose of 800 mg is reasonable if covered by the
health insurance. Treatment should be continued indefinitely because treatment
interruption is generally associated with an early relapse [62]. The median time to
progression on imatinib is approximately 2-3 years [76, 77].

The most common side effects of imatinib include the following (Table 37.3):

Most of these side effects are manageable conservatively. For example, nausea
can be mitigated by taking the drug with food, which does not seem to interfere with
absorption. Diarrhoea can be managed with loperamide. Rashes are often resolved
spontaneously with time. Muscle cramps can be reduced by increased oral fluid
intake and electrolyte substitution. Fluid retention represents a very common symp-
tom and can be associated with pleural effusion and ascites. Should supportive treat-
ment of this condition be successful, such as a low-salt diet and/or diuretics, no dose
reduction is needed. Nevertheless, the latter can potentially lead to severe conges-
tive cardiac failure, which is an uncommon but still a severe side effect [83]. Notably,
the toxicity profile may improve with prolonged treatment; importantly, all of these
toxicities abate if imatinib is withheld.

The most common haematologic side effects include haematotoxicity and ele-
vated liver function tests. Therefore, regular clinical and laboratory follow-ups are
recommended to check the liver parameters. Imatinib is metabolised in the liver by
the CYP3A4 enzymatic system. Hence, co-medication with CYP3A4 inhibitors
should be avoided, or the imatinib dose should be adapted.

37.7.4.3 Second-Line Treatment: Imatinib and Sunitinib

Before altering first-line treatment, it is essential to assess patient compliance to
imatinib therapy. Any reasons for noncompliance (i.e., depression, asymptomatic
disease, side-effects, or cost) should be evaluated carefully, and a solution should be
sought to ameliorate regular imatinib intake [84].

In patients with progressing GISTs and manageable side effects, one therapeutic
option is to escalate the dose of imatinib to 800 mg. The efficacy of this approach
was investigated in the follow-up reports of different trials. Roughly, one-third of
patients who were crossed over to the high-dose imatinib regimen achieved either
an objective response or stable disease [85].
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Patients who are intolerant of imatinib, progress after a very short time on ima-
tinib (a few months) or progress after long-term imatinib therapy should be switched
to sunitinib.

Sunitinib malate is another orally administered multi-targeted receptor tyrosine
kinase inhibitor of all PDGFR and VEGEF receptors and KIT, among a few others.
The evidence for its efficacy comes from an international phase III trial of sunitinib
versus placebo. This landmark trial included 312 patients with refractory disease,
and the median follow-up was 42 months. Despite a low objective response rate in
the sunitinib group (7% partial response), the median time to tumour progression,
the primary endpoint, was four fold higher than that in the placebo group (27 versus
6 weeks, respectively). The allowance of cross-over for the placebo group was
based on the lack of significant difference in overall survival. The median number
of weeks on treatment was 22 [86, 87]. Not surprisingly, the clinical activity of
sunitinib is significantly influenced by the specific mutational subtype. Clinical ben-
efit (partial response or stable disease for longer than 6 months) was significantly
higher for those with a primary KIT 9 exon (58%) or “wild-type” GIST (56%) than
for those with a KIT exon 11 mutation (34%) [81].

Therefore, sunitinib was approved for the treatment of imatinib-refractory or
intolerant advanced GISTs.

The main side effects are listed in the following table (Table 37.4).

Most of the sunitinib-related side effects are manageable with temporary with-
drawal or dose reductions (37.4 or 25 mg/d). Mucositis can usually be treated with
supportive measures and avoiding irritating food. With the routine application of

Table 37.4 Sunitinib adverse events

Non-hematological

Fatigue 34 5
Diarrhoe 29 3
Skin discoloration 25 0
Nausea 24 1
Anorexia 19 0
Dysgeusia 18 0
Stomatitis 16 1
Rash 13 1
Hand-foot syndrome 13 4
Hematological

Anaemia 62 4
Leucopenia 56 4
Neuropenia 53 10
Thrombocytopenia 41 5

Adapted from Ref. [86]
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emollient lotions, hand-foot-syndrome can be improved or even prevented.
Additionally, at follow-ups, the focus should be on the close monitoring of hyper-
tension, heart failure, haematotoxicity, proteinuria, hypothyroidism, gastrointestinal
bleeding, bowel perforation and delayed wound healing. In patients with a high
cardiovascular risk profile, a baseline echocardiogram should be considered exclud-
ing left ventricular dysfunction, which was recorded in approximately 8%. In
patients with a history of QT interval prolongation, sunitinib should be used cau-
tiously, and electrolytes should be monitored and substituted if necessary.
Hypothyroidism is a very common toxicity recently documented in 62% of GIST
patients [88]. Its risk increases with treatment duration. Therefore, TSH levels
should be checked every 3—6 months. For planned surgical procedures, sunitinib
treatment should be interrupted roughly 1 week before surgery and continued after
adequate wound healing has occurred. As sunitinib is also metabolised by CYP3A4,
concomitant drug interactions should be evaluated.

37.7.4.4 Mechanism of Resistance to Imatinib and Sunitinib

The development of drug resistance belongs to the natural history of neoplastic
diseases. The armamentarium of tumour cells to survive is immense. Intrinsic (or
primary) imatinib resistance is defined as an absence of objective response or dis-
ease stabilisation lasting less than 3—6 months. Resistance is most commonly related
to the primary GIST genotype and is clinically present in approximately 10—15% of
patients. Most of these patients will have imatinib-resistant KIT exon 9 or PDGFRA
exon 18 D842V mutations or no detectable mutation [27, 38, 81].

Acquired (or secondary) resistance is observed in initially responding or stable
GIST and develops at a median time of 18—24 months. The most commonly identi-
fied mechanism is the emergence or acquisition of secondary KIT mutations in
exons 13, 14 or 17. These sites represent the ATP binding pocket and kinase activa-
tion loop of KIT [81].

Secondary mutations have been identified in 40-80% of tumour biopsy samples
obtained from patients progressing on imatinib and are more common when the
patient has a primary KIT exon 11 mutation [89-91]. Polyclonal resistance mecha-
nisms are commonly identified. Coexisting distinct resistance mutations at an inter-
lesional and intra-lesional level have been demonstrated to occur in as many as
two-thirds of tested patients [92]. Other identified mechanisms of acquired resis-
tance have included amplification of KIT and pharmacokinetic resistance that may
involve altered activity of drug transporters, induction of the cytochrome P450
CYP3A4 isoenzyme, and poor patient compliance [93-95].

Resistance to sunitinib shares similar pathogenetic mechanisms to those identi-
fied in imatinib failure, with acquisition of secondary mutations after an extended
initial response to the drug [96].
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37.74.5 Third-Line Treatment: Regorafenib

Regorafenib is another oral TKI targeting a similar spectrum of kinases, including
KIT, PDGFR and VEGF receptors. In a phase III trial (GRID trial) including 199
patients, its efficacy was proven. Regorafenib (160 mg once daily for 3 of 4 weeks)
was compared with best supportive care (BSC) in patients with advanced GIST fol-
lowing progression or intolerance on imatinib and sunitinib treatment. Regorafenib
was shown to improve PFS significantly, 4.8 versus 0.8 months, respectively.
Crossover was allowed after progression on placebo (85%). Hence, an OS benefit
could not be confirmed. The most common grade 3 side effects were hypertension,
hand-foot skin reaction and diarrhoea; however, generally, the toxicities have been
shown to be similar to those of other TKIs [97]. Information concerning the poten-
tial difference in efficacy regarding mutational status is sparse and very much
awaited.

37.7.4.6 Further-Line Treatment

Various other systemic treatment options showing beneficial efficacy have been
tested in recent years. Due to low study evidence, which is based on prospective
trials with a small sample size but mainly retrospective data, these other treatment
options are rarely available because of regulatory issues.

Nilotinib, another second-generation TKI, was investigated in a randomised
phase III trial (400 mg b.i.d.) versus BSC, BSC with imatinib and BSC with suni-
tinib. In the centrally reviewed intention-to-treat analysis (ITT), no difference in
PFS could be noted. Because approximately 20% of the patients had more than two
lines of previous treatment, a post-hoc analysis was performed through the third-
line setting. Although not powered for this analysis, a significant OS benefit of more
than 4 months could be documented for the nilotinib group of patients [98].

Sorafenib, a TKI that inhibits KIT, VEGFR and PDGFR-beta, was shown to be
beneficial in terms of the disease control rate (68%) in a phase II trial with either
imatinib or imatinib and sunitinib-refractory patients [99]. Additionally, a beneficial
effect was also documented in a retrospective cohort in the third and fourth-line set-
tings [100]. Therefore, sorafenib should be suggested as an active drug in further-
line treatment.

Pazopanib was investigated in a randomized phase II trial. Eighty-one patients
were enrolled. Pazopanib plus best supportive care was compared to best supportive
care alone for patients previously treated with imatinib and sunitinib [101]. An
improvement in progression-free survival for patients treated with pazopanib could
be documented (3.4 months versus 2.3 months; HR 0.59, 95% CI 0.37-0.96).
Despite the statistically significant result, the clinical benefit is questionable.

Dewaele and colleagues published in vitro results of dasatinib being remarkably
effective for the imatinib-resistant PDGFRA(D842V) mutant isoform [101].

Finally, the question was raised whether imatinib rechallenge after therapy with
different TKIs should be supported with the goal to target disease clones that
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retained sensitivity to imatinib again. The results of a phase III trial showed a sig-
nificantly greater median PFS for those patients who received imatinib (1.8 versus
0.9 months in the placebo group). Most of the patients were crossed over; hence, the
median overall survival was similar in both groups. Although this trial was statisti-
cally significantly positive, the results question the clinical relevance of this tiny
difference in PFS [102, 103].

37.7.4.7 Future Perspectives: Immunotherapy (New Section Sugested)

GIST contain tumor-infiltrating lymphocytes and other immune cells that provide
an opportunity for developing GIST immunotherapy [105]. The most common
tumor-infiltrating inflammatory cells are tumor-associated macrophages (TAMs)
and CD3+ T cells. This immune environment should be modulated by imatinib
therapy [105]. A study conducted by Balachandran et al. combined imatinib and
CTLA-4 inhibitor to treat GIST-bearing mice and found that the therapy signifi-
cantly decreases tumor size when compared with either treatment alone [106].

The binding of PD-1 on immune cells with PD-L1 on tumor cells inhibits the
lymphocytes and it is crucial to the immune escape of neoplasm. Bertucci et al.
studied PD-L1 mRNA expression using DNA microarray in 139 untreated localized
GISTs and found heterogeneous PD-L1 expression across tumors [107]. PD-L1
expression is higher in low-risk tumors than that in high-risk tumors. As expected,
patients with low PD- L1 expression have a higher metastatic risk. Pembrolizumab
is a monoclonal antibody against PD-1. A clinical trial of Axitinib, a tyrosine kinase
inhibitor, plus pembrolizumab is enrolling patients with advanced sarcomas includ-
ing GIST (NCT02636725).

37.7.5 Local Treatment in the Palliative Setting

The role of surgery in metastatic GIST is a controversial issue. There is no ran-
domised data providing a response to whether survival may be lengthened with this
approach. However, single-institution retrospective studies document improved
long-term disease control compared with historical controls following resection for
selected patients with limited metastatic disease and a favourable response to sys-
temic therapy. Additionally, patients with localised progression on systemic treat-
ment seem to benefit from surgery. The rationale behind this approach is to overcome
drug resistance and, hence, to eliminate malignant cells with secondary mutations
and malignant cells that no longer respond to systemic treatment [104—106].

In addition to surgery, other local treatment options to consider, particularly for
liver metastasis, are arterial embolisation, chemoembolisation and radiofrequency
ablation [107, 108]. Surgery has little to offer in the setting of generalised progres-
sion [109, 110].
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In summary, lacking clear evidence, surgical treatment in metastatic GIST may
be well considered investigational, and a decision should be made by a multidisci-
plinary team on a case-by-case basis. Furthermore, resection, even if complete, does
not eliminate the need for continued treatment with TKI therapy. Progression-free
survival is significantly shorter in patients who discontinue treatment than in those
who continue the drug after resection.

37.7.6 Role of Radiotherapy

Until recently, GISTs were indicated to be radioresistant tumour entities. Very little
was known concerning the efficacy of radiotherapy in this patient cohort. Several
case reports have indicated that radiation can reduce the tumour burden and produce
durable local control in locally advanced and metastatic tumours [111]. This impres-
sion was confirmed by the reported institutional experience of the Memorial Sloan
Kettering Cancer Center and a few others. Heavily pretreated patients with symp-
tomatic tumour manifestations were treated with radiotherapy. At least partial pal-
liation of symptoms was achieved in 94.4% of the tumours, whereas complete
disappearance of symptoms was achieved in 44.4% of the tumors. A partial response
according to RECIST criteria was observed in 35.3% of tumors, and the response
was not assessed using Choi criteria. Stable disease was observed in 52.9% of the
tumors [112]. To conclude, this retrospective study shows that radiation is safe and
effective and should be considered as a treatment modality in GISTs.

37.8 Radiologic Response Evaluation

Assessing the treatment response in GISTs is very challenging. RECIST criteria,
which define the treatment response by measuring the change in tumour size, have
been used for a long time. However, GIST lesions experience different morphologi-
cal changes on systemic treatment. Not only a change in tumour size but a change
in tumour density can occur during the treatment course. Even an increase in size as
a consequence of intratumoral haemorrhage or myxoid degeneration could be an
early clinical marker of antitumor activity. Therefore, an alternative method to eval-
uate radiographic response was established in recent years. These criteria, called
Choi criteria (see below), include both tumour size and density in the radiographic
response evaluation. Choi criteria have been shown to correlate significantly better
with either disease-specific survival or time to tumour progression than RECIST. The
authors concluded that the tumour response for GISTs should preferentially be cat-
egorised by Choi criteria than by RECIST. Choi criteria are based on regular follow-
up with CT, MRI or contrast-enhanced ultrasound [113, 114] (Table 37.5).
PET/CT is a very useful tool to visualise GIST lesions because of its high glu-
cose metabolism [115]. Nevertheless, the routine use of PET as a staging procedure
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Table 37.5 Modified CT response evaluation: Choi criteria

Response Definition
CR Disappearance of all lesions
No new lesions
PR A decrease in size? of = 10% or a decrease in tumor

density (HU) = 15% on CT
No new lesions
No obvious progression of nonmeasurable disease
SD Does not meet the criteria for CR, PR, or PD

No symptomatic deterioration attributed to tumor
progression

PD An increase in tumor size of = 10% and does not meet
criteria of PR by tumor density (HU) on CT

New lesions

New intratumoral nodules or increase in the size of the
existing intratumoral nodules

Printed with permission of Ref. [113]

Abbreviations: CR, complete response, PR partial response, HU Hounsfield unit, CT computed
tomography, SD stable disease, PD progression of disease, RECIST Response Evaluation Criteria
in Solid Tumors

“The sum of longest diameters of target lesions as defined in RECIST"

or for surveillance after resection is not yet recommended. However, PET is highly
sensitive in the early assessment of tumour response, and a decrease in the FDG
uptake can be observed as early as 24 h after treatment is initiated [116]. In the
neoadjuvant treatment setting of borderline resectable GIST, close monitoring is
essential. Hence, in this clinical scenario, baseline and follow-up PET are widely
accepted to document treatment efficacy.

37.9 Follow-Up

There are no published data on what constitutes the optimal routine follow-up after
completely resected GISTs, and there is no consensus for this issue. Time to recur-
rence is mostly dependent on the different prognostic factors such as the mitotic
index, tumor site and size. Therefore, risk assessment should guide the choice of the
optimal follow-up schedule. High-risk patients generally tend to recur within the
first 2 years from the end of adjuvant therapy, whereas low-risk patients may relapse
subsequently. For example, the ESMO guidelines recommend CT or MRI every
3—6 months for 3 years during adjuvant therapy for high-risk patients. After cessa-
tion of adjuvant imatinib treatment, regular follow-up is suggested to be every
3 months in the first 2 years, every 6 months until 5 years and annually for an



37 Gastrointestinal Stromal Tumor (GIST): Diagnosis and Treatment 841

additional 5 years from the discontinuation of adjuvant drug treatment. The value of
regular follow-up in the low-risk setting remains unclear; however, if carried out,
follow-up is suggested to occur every 6—12 months for approximately 5 years. As
relapses mainly present with liver and/or peritoneal metastasis, abdominal imaging
should be performed with CT or MRI, considering the harmful cumulative X-ray
exposure [44].

Multiple-Choice Questions
1. What is the most common patient age at GIST diagnosis?

(a) Up to 20 years

(b) From 20 to 30 years old
(c) From 30 to 40 years old
(d) From 60 to 70 years
(e) Over 70 years

The median age at diagnosis is 63 years.
2. Which portion of the gastrointestinal tract is most commonly affected in GIST?

(a) Duodenum
(b) Colon

(c) Straight
(d) Appendix
(e) Stomach

60-70% of cases occur in the stomach.
3. Which of the following is positive in GIST?

(a) CD20
(b) CD117
(c) S-100
(d) CD45
(e) OCT4

CDI117 or KIT is characteristic of GIST.
4. What is the most frequent KIT mutation in GIST?

(a) Exon9
(b) Exon 8
(¢) Exon 11
(d) Exon 13
(e) Exon 17

About three-quarters of cases have a mutation in Exon 11.

5. What is the second most common receptor affected in GIST, after KIT?

(a) VEGFR
(b) PDGFRa
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(c) EGFR
(d) IGFR
(e) HER2

The second most common mutation is in the PDGFRa gene.

6. Which mutation is associated with the best prognosis?

(a) Exon9
(b) Exon 8
(¢) Exon 11
(d) Exon 13
(e) Exon 17

Mutation in Exon 11 is associated with an increased overall and progression-free
survival.

7. Which mutation benefits from imatinib 800 mg daily in the metastatic setting?

(a) Exon9
(b) Exon 8
(¢) Exon 11
(d) Exon 13
(e) Exon 17

Mutation in exon 9 is more sensitive to imatinib in higher doses.
8. Which mutation is resistant to sunitinib?

(a) Exon9
(b) Exon 8
(¢) Exon 11
(d) Exon 13
(e) Exon 17

Although its better prognosis, mutation in Exon 11 is more resistant to sunitinib.

9. A 60-year-old patient with a palpable mass in the abdomen underwent biopsy
that showed poorly differentiated carcinoma with peritoneal metastasis. He
started treatment with FOLFOX. However, a clinical and radiological progres-
sion could be documented during chemotherapy. Which immunohistochemistry
test could help?

(a) PSA
(b) KIT

(c) S-100
(d) CA 19-9
(e) PLAP

Positive KIT confirms diagnosis in virtually all GIST cases and allows treatment
changes.
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10. Patient with a gastric GIST having the following characteristics: mutation in
exon 9 of KIT) 7 cm in size, 8mitosis/50 HPF. What is the recommended adju-
vant treatment?

(a) Follow-up

(b) Imatinib 400 mg adjuvant for 6 months
(c) Imatinib 400 mg adjuvant for 3 years
(d) Imatinib adjuvant 800 mg for 3 years
(e) Imatinib 800 mg for 6 months

The standard adjuvant treatment is imatinib 400 mg for 3 years. Based on the litera-
ture the impact of a higher imatinib dose is unclear.

11. Patient with a small intestine GIST received an emergency surgical treatment-
due to intestinal occlusion. The tumor measured 9 cm and had 3 mitosis/50
HPF. What is the best adjuvant treatment?

(a) Follow-up

(b) Imatinib 400 mg adjuvant for 6 months
(c) Imatinib 400 mg adjuvant for 3 years
(d) Imatinib adjuvant 800 mg for 3 years
(e) Imatinib 800 mg for 6 months

Adjuvant treatment is defined by primary site, tumor size and presence of mitosis.
Urgent surgery is not a risk factor for recurrence.

Clinical Case

A 65 years old woman presented with a 3 months history of gastric pain. On exami-
nation mass in the upper abdomen could be palpated. CT scan reveiled a 15 cm
width gastric mass and several peritoneal metastasis. A CT-guided biopsy was per-
formed and the diagnosed a GIST could be made. Histologically, 15 mitosis per
HPF could be documented.

Imatinib treatment 400 mg daily was started and tolerated very well. The first
response assessment showed stable disease. She was treated with imatinib for
12 months. After 12 months of treatment, the patient presentedwith worsening per-
formance status, abdominal pain and anemia and. A CT scan confirmed disease
progression (20 cm on the largest axis).

Consequently, imatinib dose was increased to 800 mg. A short-term disease sta-
bilization could be achieved. After anew GIST progression treatment was modified
to sunitinib 50 mg 2 weeks-on and 1 week-off. Two months later, a new CT scan
showed a slight increase in the main lesion (to 22 cm); however, the patient was not
tolerating the treatment.

Therefore, the treatment was changed to pazopanib 800 mg daily. This clinical
case illustrates that GIST therapy senquencing.
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