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In summary, the typical GIST as currently defined expresses
c-Kit/CD117 and commonly CD34, but rarely SMA. All of the histologi-
cal and clinical characteristics should be evaluated by an experienced
pathologist to accurately diagnose GIST. When the histological charac-
teristics and clinical presentation of a gastrointestinal tumour are
consistent with GIST, positive staining for c-Kit/CD117 confirms

the diagnosis.’
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When the histological characteristics and clinical
presentation of a gastrointestinal tumour are consistent
with GIST, positive staining for c-Kit/CD117 confirms
the diagnosis.’
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Imaging GIST: PET scanning

Several radiological techniques are used to image primary GISTs and
metastatic lesions. These include double-contrast gastrointestinal X-ray
series with barium, endoscopic ultrasonography, computed tomography
(CT) scanning, and magnetic resonance imaging (MRI).° Recently,
positron-emission tomography (PET) scanning has been shown to be a
useful and non-invasive means of monitoring effectiveness of treatment
for GIST.?®#*°

PET technology uses the metabolic tracer **F-fluorodeoxyglucose (FDG)
to evaluate the metabolic activity of tumours. Because of the higher
metabolic rate in tumours, the uptake and retention of the FDG tracer
Is increased in tumours compared with that in surrounding normal
tissues. *FDG-PET appears to be more sensitive than MRI for both
detecting small GIST metastases and monitoring disease response
during treatment.* During a positive response to therapy, GISTs may
exhibit a decrease in metabolism but an increase in size before regres-
sion and cell death occurs. Thus, PET scan may prevent misinterpreta-
tion of the therapeutic response based on tumour size alone. However,
increased FDG uptake by immune cells associated with the tumour
lesion (eg, the inflammatory process) must be taken into consideration.

Although PET scanning is a very good tool with potential applica-
tion in the evaluation of response to therapy with Glivec®, it may
not be accessible to most physicians. Because of difficulties in
standard radiological evaluation of STS, physicians should be
encouraged to rather carefully evaluate readily available standard
CT or MRI scans, including tumour density measurement from
scans obtained.

Prognostic Factors and Risk Assessment

When GISTs are initially diagnosed, approximately 25% to 30% are
frankly malignant. The criteria for this designation include that
they have already metatasised and/or they show an invasion of
adjacent organs or structures. The remainder of the GISTs should
be considered as having the potential for exhibiting malignant
behaviour and therefore are said to be of “uncertain malignant
potential” It is often difficult to predict the clinical behaviour of
GIST and because many pathologists believe that no GISTs are truly
benign, the “benign” versus “malignant” terminology is being
replaced with the more useful distinction of “low risk” versus “high
risk” and the phrase “uncertain malignant potential.”” Predicting
the probability that a GIST may ultimately become malignant is
difficult, but there are some factors that may help assess this risk.

~

It is often difficult to predict the clinical behaviour of
GIST. Many pathologists believe that no GISTs are truly
benign; thus the “benign” versus “malignant” terminology
Is being replaced with the more useful distinction of
“low risk” versus “high risk” and the phrase “uncertain
malignant potential.””
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Clinical Evidence: Glivec® Trials in GIST

Phase | EORTC study: STS, including GIST*

~

» GIST patients achieved a confirmed partial response
in 52.7% of cases

* Most GIST patients experienced relief of their
symptoms after 1 week of Glivec

A daily oral dose of 800mg was determined to be
safe and tolerable for patients with GIST*

)

Study design®

In August 2000 the European Organisation for Research and Treatment
of Cancer (EORTC) Soft Tissue and Bone Sarcoma Group initiated a
multi-national, phase |, dose-escalation study of Glivec for patients with
advanced STS, including patients with GIST. Patients were required to
have a measurable tumour lesion with recent progression (<6 weeks
prior to initiating therapy). Forty patients were enrolled in the study,
including 36 patients with documented c-Kit-positive GIST and 4
patients with non-GIST STS. Patients initially received a once-daily dose
of 400mg of Glivec. Dose was increased by 200mg increments in sub-
sequent cohorts of patients and the 4 dosing schedules used were
400mg daily (n=8), 300mg twice daily (n=8), 400mg twice daily (n=16),
and 500mg twice daily (n=8). The primary objective of this trial was to
establish the maximum tolerated dose of Glivec, according to the NCI
CTC. A secondary objective was to assess the effectiveness of Glivec for
treating patients with GIST. An objective tumour response was defined
in accordance with the Response Evaluation Criteria in Solid Tumors
(RECIST).* Tumours were evaluated by standard radiological measure-
ment and by **FDG-PET scans in some patients.

*The 800mg dose is not an approved dose.

Study results: safety®®

Glivec® was generally well tolerated by patients (n=40). The most
serious side-effects across all doses were grades 2 and 3 in severity
and were almost all non-haematological. These included oedema
(n=10), nausea (n=7), vomiting (n=5), rash (n=5), dyspnoea (n=1),
and neutropenic fever (n=1).

Dose-limiting toxic effects (grade 3) were observed in 5 patients
who received 1000mg, and included nausea, vomiting, oedema,
and dyspnoea, and a daily dose of 800mg was thus determined to
be safe and tolerable for patients with GIST. For patients who
received lower doses of Glivec, these side-effects were mild or
moderate and manageable. The overall incidence of myelosuppres-
sion was low and this side-effect was not dose-dependent.

Study results: efficacy®

An objective response was achieved in 25 of 36 (69%) GIST
patients, 19 (53%) of whom had a confirmed partial response.

The remaining 6 patients with an objective response had either an
unconfirmed partial response or a 20% to 29% tumour regression.
Of GIST patients who did not achieve an objective response, 7 (19%)
were stable and only 4 (11%) had progressive disease. Responses
were generally rapid, occurring within 8 days of treatment initiation,
as revealed by **FDG-PET scans.

Tumour-related symptoms were relieved in 24 of 27 (89%) patients
treated with Glivec, often within a week after beginning therapy.

Updated data indicate that with a minimum follow-up of 11 months
(range 11 to 15 months), 29 patients were still on treatment;

18/36 (50%) have PR and 11/36 (30%) have SD, resulting in
clinical benefit in 80% of patients.*” A sustained response was not
seen in any non-GIST patient (ie, with c-Kit-negative STS), which is
consistent with the postulated role of c-Kit in the GIST disease
process and the mechanism of action of Glivec.
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Disease progression occurred in only 12.2% of patients. Of the 12
patients in the 400mg group who were dose-escalated to 600mg for
disease progression, 2 achieved confirmed SD and 1 reached
unconfirmed SD.

Figure 7. Best tumour responses to Glivec® in patients with advanced GIST.?
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Responses were often seen within 4 weeks and with a median onset at
12 weeks in this study. Thirty-eight weeks after treatment initiation
(data cut-off), 97% of patients with a confirmed partial response
remained on study receiving Glivec. Response durations ranged from
7 to 38 weeks, and the median duration of response has not yet been
reached (Fig 8). Because of the small number of patient deaths on
study to date, overall survival cannot be calculated.

More recent data from this study, with a median follow-up of more than
9 months, were presented at ASCO 2002 (abstract #1608), and have
been published in the New England Journal of Medicine. These data
suggest that advanced GIST patients continued to benefit from imatinib
therapy. Overall, 54% of patients achieved partial responses, and 28%
had stable disease. Therefore, as data matured between the initial and
subsequent analyses, many patients initially maintaining stable disease
went on to achieve a partial response to Glivec. Disease control appears
to be durable, with median response not yet reached.*

Figure 8. Kaplan-Meier estimates of duration of response for patients receiving
400mg (n=73) or 600mg (n=74) Glivec® daily, and for all patients pooled.?®
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Patients with an objective response showed decreases in tumour
activity by **FDG-PET scanning that correlated with measurable
tumour decreases in size by CT or MRI; some metabolic changes
occurred as early as 24 hours after a single Glivec dose.
Conversely, increased tumour metabolic activity was observed in
patients with progressive disease.

Study results: safety?®

Glivec was generally well tolerated by patients with GIST, although
almost every patient experienced at least 1 minor (grades 1/2)
adverse event. Most adverse events were mild to moderate in
severity; however, serious (grades 3/4) events occurred in 21% of
patients. Treatment was discontinued owing to drug-related
adverse events in only 3% of patients.

The most frequently reported adverse events were oedema (generally
periorbital or lower extremity), nausea, diarrhoea, muscle cramps,
fatigue, rash, and abdominal pain. Tumour lysis syndrome was not
observed. There was no significant difference in the severity of
adverse events between the 400mg and 600mg treatment groups,
although the overall incidence of some events was higher at the
600mg dose (Table 3).
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Phase Il studies: optimising dose

EORTC intergroup study°

An on-going, large-scale, multi-national trial of Glivec® for the treatment
of advanced GIST was opened in March 2001 under the coordination
of the EORTC Soft Tissue and Bone Sarcoma Group. It is being
conducted with 2 additional collaborative groups in 56 centres in
Europe and Australia:

e Australasian Gastro-Intestinal Trials Group
e Italian Sarcoma Group

The treatment approach in this trial is similar to the phase Il study and
Is intended to extend the earlier observations. In particular, because the
optimal dose of Glivec for the treatment of GIST was not determined in
the phase Il trial, this study is designed to compare high and low doses
of Glivec in approximately 600 patients with unresectable or metastatic
c-Kit/CD117-positive GIST. Patients are randomised to receive either
400mg or 800mg (given as 400mg twice daily) of Glivec. The study
allows cross-over from the 400mg arm to the 800mg arm in the event of
disease progression. The primary endpoint of this study is progression-
free survival, and secondary endpoints include overall survival, objective
tumour response to Glivec, and toxicity profile, all as described in the
phase Il study.

North American Intergroup Trial>*

Another large on-going NCI-sponsored phase Il study, the North
American Intergroup Trial, is being conducted jointly by SWOG and
several co-operative groups, including:

e CALGB (Cancer and Leukemia Group B)
e ECOG (Eastern Cooperative Oncology Group)

e NCI-Canada

Eligibility for this large trial is similar to that for the phase Il trial
and the phase Il EORTC Intergroup Study. Patients are randomised
to 1 of 2 study arms, receiving either 400mg or 800mg daily of
Glivec®. Endpoints for this study are objective response, as monitored
by conventional radiological techniques and PET imaging in selected
patients, as well as toxicity profile. Tumours will be analysed for a
variety of correlative science studies.

Safety: Consistent Among Studies

Glivec has been generally well tolerated in all GIST
trials, with most side-effects ranging from mild to
moderate in intensity.?*%%°4

Glivec has been generally well tolerated in all GIST trials, with most
side-effects ranging from mild to moderate in intensity.?*?%°4
Drug-related adverse events observed to date include oedema,
nausea, diarrhoea, muscle cramps, fatigue, and rash (Table 3).
These side-effects have all been previously associated with Glivec
in the treatment of CML and are easily managed with supportive
measures. Transient neutropenia of grade 4 severity was observed
in only 2 patients. Neutropenia and haematologic toxicity in general
were considerably less frequent than in patients with CML.
Because follow-up of GIST patients treated with Glivec is relatively
short, no long-term safety data are available.

One serious adverse event that has also been observed more
frequently in GIST patients than in CML patients is gastrointestinal
bleeding, which does not appear to be related to drug dose. In the
phase Il study, 5% of patients experienced grade 3/4 gastrointestinal
or intratumour haemorrhage. Potentially life-threatening
gastrointestinal bleeds emphasise the importance of careful clinical
monitoring for any signs or symptoms of gastrointestinal bleeding,
especially during the first few months of Glivec therapy.
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Fluid retention and oedema have also been reported in GIST patients.
Severe superficial oedema (eg, periorbital or lower limb) and fluid retention
(eqg, pleural effusion, pulmonary oedema, ascites) have been reported in
1% to 6% of GIST patients taking Glivec®.

In summary, the use of Glivec for the treatment of unresectable,
metastatic GIST has been associated with mild to moderate drug-related
side-effects, and most patients have rapid symptomatic relief and a
marked improvement in quality of life.

Pharmacokinetics

Pharmacokinetic analysis following continuous once-daily oral adminis-
tration of Glivec has been performed in GIST patients, CML patients, and
healthy volunteers. The preliminary results showed that the pharmaco-
kinetic profiles in GIST patients are similar to those in CML patients.
Glivec is rapidly absorbed, and a C,,, of 2.9 ng/mL was reached at
steady state following a 400mg daily oral dose. The terminal half-life
was 18 hours, and there was 1.5- to 2.5-fold drug accumulation after

1 month of dosing. The AUC,,, values were 24,748 ng-h/mL at

steady state after a 400mg dosing.**** These pharmacokinetics

allow for once-daily oral dosing of Glivec.

Drug interactions®#

Glivec is metabolised in the liver by the CYP3A4 enzyme of the
cytochrome P, family of enzymes. In addition, in vitro studies showed
that Glivec is a competitive inhibitor of CYP2C9, CYP2D6, and CYP3A4.
Substances that inhibit activity of the cytochrome B, isoenzyme
CYP3A4 may decrease metabolism and increase plasma concentrations
of Glivec. Similarly, drugs that are inducers of CYP3A4 may increase
metabolism and decrease Glivec plasma concentrations. Therefore,
caution is recommended when administering Glivec with inhibitors or
inducers of the CYP3A4 family (Table 4).

Glivec® increases exposure to simvastatin (a CYP3A4 substrate),

which suggests an inhibition of metabolism by CYP3A4 isoenzyme.

Therefore, caution is recommended when co-administering Glivec

with CYP3A4 substrates with a narrow therapeutic window. In addi-

tion, patients should be cautioned to avoid or restrict the use of

over-the-counter and prescription medicines containing paraceta-

mol or acetaminophen. In vitro, Glivec inhibits the cytochrome P,

isoenzyme CYP2D6 activity at similar concentrations that affect

CYP3A4 activity. Therefore, systemic exposure to substrates

of CYP2D6 is also potentially increased when co-administered

with Glivec (Table 4).

Table 4. Some of the Commonly Prescribed Drugs Metabolised by CYP3A4,
CYP2C9, and CYP2D6 Isoenzymes: Substrates, Inhibitors, and Inducers

(not a complete list)*

Isoenzyme Substrates Inhibitors Inducers
CYP2D6 Anti-depressants Celecoxib Dexamethasone
Anti-emetics Cimetidine
(eg, ondansetron) Fluoxetine
Anti-psychotics Paroxetine
Beta-blockers Quinidine
Codeine Ritonavir
Dextromethorphan
Flecainide
Morphine
CYP3A4 Dihydropyridine Ca** Cimetidine Carbamazepine
channel blockers Clarithromycin Dexamethasone
Codeine Erythromycin Phenobarbital
Certain HMG-CoA Grapefruit juice Phenytoin
reductase inhibitors Itraconazole Rifampin
(eg,_ statins) Ketoconazole St. John’s Wort
Granisetron (Hypericum
Immune modulators perforatum)
(eg, cyclosporin)
Oral contraceptives
Paracetamol
Warfarin
CYP2C9 Certain angiotensin |l Amiodarone Rifampin
blockers Cimetidine Secobarbital
Diclofenac Lovastatin
Ibuprofen Teniposide
Phenytoin
Warfarin 39
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conclusion

Glivec® is the first rationally designed small molecule tyrosine kinase
inhibitor that has been approved for clinical use in cancer treatment.
Application of Glivec to the treatment of GIST represents a breakthrough
in systemic therapy of solid tumours, and mirrors the initial success of
this drug in the treatment of CML. Among solid tumours, GIST is a
particularly suitable target for Glivec because of the near universal
presence of c-Kit. The vast majority of GIST cells express the c-Kit
receptor tyrosine kinase and specific mutations in the c-kit gene are
strongly implicated in tumour pathogenesis and malignant behaviour.

Application of the tyrosine kinase inhibitor Glivec to the
treatment of GIST represents a breakthrough in systemic
therapy of solid tumours, and mirrors the initial success
of this drug in the treatment of CML.

- J

Glivec is a selective and potent inhibitor of the c-Kit tyrosine kinase.

Glivec has shown efficacy in the treatment of unresectable, metastatic
GIST through its documented ability to provide durable disease control
and its promise of potentially improving quality of life. Clinical trials
have shown that overall more than 81% of patients benefit from Glivec
therapy—more than 40% of patients achieved and maintained a
confirmed partial response, and an additional 41.5% of patients
maintained stable disease. Glivec was well tolerated by patients in
these studies, with a favourable adverse event profile; reported events
have been mainly mild to moderate in severity. As the only safe and
effective systemic therapy currently available for this otherwise
untreatable disease, Glivec represents a remarkable advancement in the
solid tumour drug armamentarium. In addition, these results validate
the concept that inhibiting the appropriate target implicated in the

development of a solid tumour induces responses never before possible.
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