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Abstract

Imatinib mesylate (Glivec®, formerly STI571) is the first effective systemic treatment for gastrointestinal stromal tumours
(GISTs). Major changes in tumour volume, however, tend to occur late after the start of treatment. The aim of this study was to
evaluate if ['8F]-fluorodeoxyglucose-positron emission tomography (FDG-PET) can be used for the early evaluation of response to
imatinib mesylate treatment in soft-tissue sarcomas (STS). 21 patients (17 GIST, 4 other STS) underwent FDG-PET imaging prior
to and 8 days after the start of treatment. PET response (European Organization for Research and Treatment (EORTC) guidelines)
was observed in 13 GISTs (11 Complete Responders, 2 partial responders. Subsequent computerised tomography (CT) response
Response Evaluation Criteria in Solid Tumours (RECIST) was observed in 10 of these patients after a median follow up of 8 weeks.
Stable or progressive disease was observed on PET in 8§ patients and none of them achieved a response on CT. PET response was
also associated with a longer progression-free survival (PFS) (92% versus 12% at 1 year, P=0.00107). We conclude that FDG-PET
is an early and sensitive method to evaluate an early response to imatinib treatment.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Traditionally, the response to cancer treatment in
solid tumours is evaluated by subsequent clinical or
radiological assessments of target lesions and is defined
as a significant decrease in measurable tumour dimen-
sions [1,2]. There are, however, important limitations to
the evaluation of tumour response by volume changes,
especially in soft-tissue sarcomas (STS). Accurate
measurement of tumour dimensions can be extremely
difficult in non-well defined lesions like bone, bowel or
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peritoneal metastases. Reduction in the viable tumour
cell fraction does not always result in a volume reduc-
tion since tumour tissue can be replaced by necrotic or
fibrotic tissue and morphological images are unable to
differentiate between these different tissue types.
Furthermore, volume changes are rather late events.
Usually, the first evaluation of objective responses
measured by computerised tomography (CT) are per-
formed not earlier than 2-3 months after the start of
treatment because earlier changes are seldom sig-
nificant. Therefore, patients are often unnecessarily
exposed to ineffective, poorly tolerated, toxic or expen-
sive treatments during a prolonged time. Finally, the
new antivascular and cytostatic agents aim at tumour
growth stabilisation rather than tumour shrinkage and
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thus no major volume changes are to be expected. To
evaluate treatment efficacy, other criteria for response
assessment need to be defined.

In recent years, metabolic imaging with positron emis-
sion tomography (PET) has become increasingly impor-
tant in cancer management. The most frequently used
radiotracer is [\8F]-fluorodeoxyglucose, (FDG), a glucose
analogue that is preferentially ‘trapped’ in fast-metabolis-
ing cells, such as those in malignant tumours [3]. Initially,
FDG-PET was used in the diagnosis and staging of
malignancies [4,5], but, more recently, promising results
have also been obtained in the evaluation of the response
to treatment [6-12]. Because glucose provides the primary
source of carbons for the de novo synthesis of nucleic
acids, lipids and amino acids, FDG uptake, a marker of
the glucose metabolism is closely related to the number of
viable cells [13] and the proliferation capacity of these cells
[14]. Treatment-induced changes resulting in tumour cell
death or growth arrest should therefore result in a sub-
sequent reduction in FDG uptake, making this technique
a sensitive and early marker of response. A number of
small clinical trials have indeed indicated that quantifica-
tion of changes in FDG uptake may provide an early and
sensitive pharmacodynamic marker of the cytotoxic or
cytostatic effect of anticancer drugs and result in
improved monitoring of tumour response to anticancer
drugs at a clinical and sub-clinical level as previously
described by the European Organization for Research and
Treatment of Cancer (EORTC) PET study group [15].

In this study, we examined the value of FDG-PET in
the assessment of early tumour response to therapy with
imatinib mesylate (Glivec®, formerly STI571, Novartis
Pharma AG, Basel, Switzerland) in patients with differ-
ent STS. Imatinib mesylate is an oral, bio-available,
small molecule, that is an inhibitor of certain receptor
tyrosine kinases involved in cell signalling, including
KIT [16]. Gastrointestinal stromal tumours (GISTs) are
rare neoplasms that are thought to arise from the
mesenchymal cells of the gastrointestinal tract. The
majority of GISTs are characterised by mutations in the
KIT gene, which can cause a ligand-independent acti-
vation of its tyrosine kinase function and play a critical
role in tumorigenesis, by promoting tumour growth and
preventing apoptosis [17,18]. Inhibition of this KIT-dri-
ven growth pathway by imatinib mesylate has shown
very promising clinical results in the treatment of
patients with advanced GISTs, which are highly refrac-
tory to chemotherapy [19-21]. Although most patients
experienced major and rapid symptom relief, objective
tumour response as evaluated by anatomical imaging
(CT or magnetic resonance imaging (MRI)) occurred
often only after several months. Therefore, the aim of
this study was to evaluate if metabolic imaging using
FDG-PET can be used for the earlier and more sensitive
evaluation of the response of STS to treatment with
imatinib mesylate.

2. Patients and methods
2.1. Patients

All patients from the University Hospital Gasthuis-
berg, included in the phase I/II trial of the EORTC-
STBSG (Soft Tissue and Bone Sarcoma Group study)
investigating the maximum tolerated dose (MTD)
(phase I) and efficacy (phase II) of imatinib mesylate in
the treatment of advanced STS, were also prospectively
evaluated using a PET protocol. The protocol had been
approved by the EORTC New Treatment Committee,
the EORTC Protocol Review Committee and the local
Medical Ethics Committee. All patients entering the
phase I or II study had to have histological confirma-
tion of STS and for the diagnosis of GISTs, positive
c-kit expression on the basis of CD117 immunohisto-
chemical staining. Furthermore, they had to have a
measurable lesion, with evidence of progression within 6
weeks prior to treatment. Previous chemotherapy was
allowed, but had to have been discontinued for at least 4
weeks before the study start. Before patient registration,
informed consent had to be given according to ICH/
European Union-Good Clinical Practice (EU-GCP)
guidelines, and national-local regulations. Within 14
days prior to treatment, a full evaluation, including
medical history, physical examination, performance
status assessment, full haematology, blood chemistry,
urine analysis, chest X-ray and clinical tumour mea-
surements by CT scan were performed.

2.2. Treatment

Patients included in the phase I dose-finding study
received imatinib mesylate in doses ranging from 400
mg once daily (0.d.) to 500 mg twice daily (b.d.) whereas
patients included in the phase II study were treated at
the MTD defined at 400 mg b.d. [20].

Treatment was administered until progression of the
disease, unacceptable toxicity or patient refusal. In the
case of disease stabilisation and the absence of unac-
ceptable side-effects, treatment was allowed to continue
for a minimum of 1 year. In cases of objective complete
or partial response, treatment was to be continued until
documented disease progression or for at least one year
after the documentation of a complete response.

2.3. Evaluation of tumour response

The objective tumour response was measured by
serial CT scanning. Target lesions were re-evaluated 4
and 8 weeks after the start of treatment and every 8
weeks thereafter. CT scan was performed earlier in cases
of clinical suspicion of progression. Responses were
classified according to the Response Evaluation Criteria
in Solid Tumours (RECIST) criteria [2]. All responses
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had to be confirmed by repeated imaging within 4—8
weeks. Time to treatment failure was defined as the time
from the first dose of imatinib mesylate to the earliest
occurrence of progression, death from any cause, or
withdrawal from the trial for any reason other than that
the condition no longer required therapy.

Subjective tumour response, defined as a change in
tumour-related symptoms, was evaluated by the taking
down of the patient’s history and clinical examination
weekly for the first 8 weeks, biweekly until week 12, and
monthly thereafter.

24. FDG-PET

All patients included in the PET sub-study protocol of
the phase I-II study underwent FDG-PET imaging
before and 8 days after the start of imatinib mesylate
treatment. PET imaging was repeated at day 28 and
every 8 weeks thereafter until a complete metabolic remis-
sion was achieved. In a limited number of patients, addi-
tional PET studies at earlier time points were performed
(24 or 48 h after the start of treatment). Patients were
excluded for PET follow-up in cases of insufficient FDG
uptake in the target lesions at their baseline PET scan.

PET imaging was performed on a CTI-HR + scanner
(Siemens-CTI, Knoxville, USA) with an axial field of
view of 15 cm and a resolution of approximately 8 mm.
All patients fasted for at least 6 h. 60 min after the
injection of 6 MBq/kg FDG, an attenuation-corrected
whole body scan was acquired in seven bed positions (5-
min emission and 3-min transmission). All data were
corrected for decay and photon attenuation and recon-
structed with an iterative reconstruction algorithm [22].
Transaxial, coronal and sagital images were used for the
image analysis. Besides the visual interpretation to
assess the appearances of new lesions, the maximum
standardised uptake value (SUV,,.x) Was calculated for
the different target lesions [23]. Target lesions were
defined as the three tumour lesions with the highest
FDG uptake on the baseline PET. Response on PET
was defined according to the recommendations of the
EORTC-PET group [15] (Table 1). PET was never used

Table 1
PET response defined according to the EORTC PET recommen-
dations [15]

CR FDG uptake in all lesions comparable to background activity
PR >25% decrease of SUV in all target lesions
SD Changes in SUV of less than 25%
PD >25% increase of SUV in at least one target lesion or the
appearance of new lesions (regardless of the SUV changes
in the target lesions

EORTC, European Organization for Research and Treatment of
Cancer; PET, positron emission tomography; CR, complete response;
PR, partial response; SD, stable disease; PD, progressive disease;
SUV, standardised uptake value.

to change patient management. Response on PET was
correlated with subjective symptom control and objec-
tive CT response. PET response was also correlated
with treatment outcome (progression-free survival
(PFS)) using the Kaplan—Mecier method; groups were
compared with the log-rank test.

3. Results
3.1. Patients

24 STS patients, enrolled in one of the two EORTC
trials, were included in the PET sub-study. Histology
was GISTs in 19 patients, fibrosarcomas in 2, synovial
sarcomas in 2 and leiomyosarcoma in 1 patient. Baseline
PET showed high FDG uptake in 17/19 GISTs and mod-
erate to high uptake in 4/5 of the other sarcomas. 3
patients (two GISTs, one synovial sarcoma) were exclu-
ded for PET follow-up because the tumour was not FDG
avid. Therefore, 21 patients were available for further
analysis and their characteristics are given in Table 2.

3.2. CT response

In the four non-GISTs, no durable responses were
obtained: 3 patients showed early progression within 1

Table 2
Characteristics of the patients available for PET follow up

Characteristic All patients (n=21)

Age (years)

Median (range) 55 (38-70)
Gender

Male 12

Female 9
Study type

Phase I 14

Phase 11 7
Histology

GIST 17

Fibrosarcoma 2

Leiomyosarcoma 1

Synovial sarcoma 1
Imatinib dose at the start of treatment

1*¥400 mg 2

2*300 mg 2

2*400 mg 12

2*500 mg 5
FDG uptake prior to treatment
GIST

Mean SUV of all target lesions (range) 11.3 (5.6-24.8)
Other STS

Mean SUV all target lesions (range) 4.8 (2.1-11.1)

PET positron emission tomography; GIST, gastrointestinal stromal
tumour; FDG, ['8F]-fluorodeoxyglucose; STS, soft-tissue sarcoma.
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month after the start of treatment, 1 patient progressed
after 21 weeks.

In the GIST patients, a partial response was observed in
10/17 (59%), with a median reduction in tumour size of
59% (S.D. 14, range 30-82%). The time to reach a partial
response was highly variable with a median of 8 weeks
(range 448 weeks). A durable stable disease for more than
1 year was obtained in 3 GIST patients whereas early
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Fig. 1. Kaplan—Meier survival curves of time to treatment failure in all patients (a) and according to positron emission tomography (PET) response (b).
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of treatment, but reached stable disease again after a
dose escalation.

3.3. Subjective tumour response

Tumour-related symptoms were present in all of the
other STS and in 11/17 of the GIST patients. Already
after one week of imatinib mesylate intake, major
symptom relief was observed in 6/11 GIST patients.
Treatment efficacy was later confirmed by a subsequent
partial response on CT in 5 patients and a durable
stable disease in 1 patient. A further deterioration of the
performance status was seen in four GISTs and in all of
the other STS and all of them also showed early pro-
gression on CT. In 1 patient, the abdominal complaints
remained, but changed (i.e. less pain, more nausea), a
partial response was later observed on CT.

6 GIST patients were and remained symptom-free during
the first months of treatment. 4 of these patients achieved a
partial response and 2 a durable stable disease on CT.

3.4. PET response

3.4.1. After 8 days of treatment

Of the 4 non-GISTs patients, none achieved a
response on PET. An example is given in Fig. 2. Of the
17 GIST patients, 11 achieved a complete remission. An
example is given in Fig. 3. Two patients obtained a
partial response with a reduction in SUV .« of 80%
and 30% respectively. On a repeat PET scan at day 28,
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the patient with the initial major response obtained a
complete remission, whereas no further decline in FDG
uptake was seen in the patient with initial minimal
response. No change in FDG uptake from baseline was
seen in 1 GIST patient on serial PET scanning performed
between 8 days and 56 weeks of treatment. Finally, disease
progression on PET at day 8 was observed in 3 GIST
patients. For correlation of PET responses with subjective
and objective CT responses and PFS, the PET response
obtained at day 8 will be used in any further analyses.

3.4.2. After 24-48 h of treatment

In 5 patients, an additional PET scan 2448 h after the
start of treatment was undertaken. Early PET response
always predicted the response on PET at day 8. In 2 of the
patients, a major decrease in SUV,., was observed
(—53%, —67%) and both reached CR on PET at day 8
(Fig. 4). In the other 3 patients, no major change (n=1) or
disease progression (n=2) was observed at 24 or 48 h. On
PET scan at day 8, all 3 showed progressive disease.

3.4.3. Correlation of the PET response and symptom
control

The PET response was closely related to symptom
control. All of the 6 patients who showed a major
reduction in tumour-related complaints reached a com-
plete (n=15) or major (n=1) metabolic response, while
those with a deterioration in their performance status
(n=28) also showed progressive disease on PET in all,
but 1, patient (minimal response on PET).

Fig. 2. Leiomyosarcoma with a metastatic mass around the vertebral spine prior to the start of treatment on positron emission tomography (PET)
(a) and computerised tomography (CT) (d). On PET at day 8 progressive disease was observed (b) and this was confirmed by PET (c) and CT (e)

after 1 month of treatment.
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(@) . (b)

Fig. 3. GIST patient with multiple liver and peritoneal metastases prior to the start of treatment on positron emission tomography (PET) (a) and
computerised tomography (CT) (c). A complete remission was achieved on PET 8 days after the start of imatinib treatment (b). On CT at 4 weeks,
no major volume changes were observed (d). Only after 24 weeks of treatment (e) was an objective tumour response observed on CT.

N

Fig. 4. GIST patient with multiple abdominal metastases on positron emission tomography (PET) prior to treatment (a). A major reduction in
['®F]-fluorodeoxyglucose (FDG) uptake at 48 h after the start of treatment was observed (b), and correctly predicted the achievement of a complete
remission on PET at day 8 (c).

3.4.4. Correlation of the PET and CT responses (n=10) or durable stable disease (n=2) on CT and the
(Table 3) PET response preceded CT response by a median of 7

PET response correctly predicted CT response in 18/ weeks (range 4-48 weeks). All patients with progressive
21 patients. All patients with a complete or major disease on PET (n=06) also showed progressive disease

metabolic response subsequently reached a partial on CT. Only for patients with stable disease or minimal
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Table 3
Overview of all PET responses and subsequent CT responses

PET Patients  GIST/
response (n) other STS

Best CT response

Partial Stable Progression

Complete 11 11/0 9 2

Partial 2 2/0 1 1
Stable 2 1/1 1 1
Progression 6 3/3 6

PET, positron emission tomography; CT, computerised tomography;
GIST, gastrointestinal stromal tumour.

metabolic responses is the subsequent CT response less
predictable (durable stable disease or progression in 1
and 2 patients, respectively.

3.4.5. Correlation of the PET response and progression-
free survival (PFS) (Fig. 1b)

Survival analysis revealed a significantly better PFS in
the PET responders with a 1-year PFS survival rate of
92% compared with only 12% in the non-responders
(P=0.00107). In patients with at least a major meta-
bolic response, only late relapses were observed, while
the patient with minimal response progressed early after
the start of treatment.

4. Discussion

Metabolic imaging with FDG-PET seems to be an
excellent tool to evaluate treatment efficacy in STS
patients treated with imatinib. A complete metabolic
response was achieved within 1 week in most of the
responding patients (all GISTs) and preceded CT
response by several weeks. Furthermore, early meta-
bolic response was associated with a significant longer
PFS (P=0.00107).

The better understanding of the pathophysiology of
different cancer types has led to the development of a
whole new class of anti-cancer drugs; the protein tyr-
osine kinase inhibitors (PTKI) [24]. Imatinib mesylate is
the first small molecule PTKI that has been successfully
introduced into human clinical practice and has now
been approved for the treatment of chronic myeloid
leukaemia (CML) and unresectable and/or metastatic
GISTs. Early clinical trials in GISTs conducted in Eur-
ope and the United States show a significant improve-
ment in PFS and overall survival compared with
historical controls [20,21]. Although subjective tumour
response occurred within a few days of treatment in
responding patients, objective tumour shrinkage was
minimal and tended to occur only after several weeks
[19-21]. Tumour biopsies taken within 1 month after the
start of treatment in some patients, showed a myxoid
degeneration of the tumour with only a few foci of

viable GIST cells remaining, proving the under-
estimation of the true response as measured by CT
[19,21]. The superiority of the metabolic response
assessment with FDG-PET was first reported by Joen-
suu and colleagues [19] in the first GIST patient ever
treated with imatinib mesylate. Although the liver
metastasis became ‘cyst-like’ on CT already 4 weeks
after the start of treatment, suggesting structural and
functional changes in the tumour mass, major tumour
shrinkage was only achieved after 8 months of treat-
ment. On FDG-PET, however, all hypermetabolic
lesions became totally inactive after 1 month of treat-
ment. The value of FDG-PET was later confirmed in
the reports of the early clinical trials [20,21]: metabolic
responses occurred early after the start of treatment and
predicted the subsequent CT response. In most of these
reports, PET results were only briefly reported since
treatment safety and objective radiological response was
the primary endpoint. In this report, we specifically
focused on the PET results.

Prior to the start of imatinib mesylate treatment,
moderate to high FDG uptake was observed in 17/19
GIST patients and in 4/5 of the other STS. The mean
SUV of the target lesions was clearly higher in GISTs
compared with the other histological subtypes (SUV .«
of 11.3 and 4.8, respectively). Especially in GISTs, a
very high range in FDG uptake (SUV .« ranging from
5.6 to 24.8) was observed. Folpe and colleagues [25]
already described a close relationship between FDG
uptake and tumour cellularity and the number of mito-
tic figures per high power field in a variety of bone and
STS. Probably this is also the case in GISTs, but larger
patient numbers are needed to explore this relationship
further.

In 3 patients, of whom 2 were GISTs, no FDG uptake
was observed in the known CT lesions. Therefore, a
pretreatment PET scan is mandatory to evaluate the
response to imatinib mesylate treatment. It is unclear
why these tumours were not FDG avid since a moder-
ate to high number of mitotic figures was seen on the
histopathology.

Although clear guidelines are available for radio-
logical response assessment [1,2], criteria for metabolic
response evaluation are still not fully agreed upon. The
only ‘official’ guidelines available to date are these of the
EORTC-PET group and are based on the reproduci-
bility of the technique [15]. FDG changes of more than
25% from baseline cannot be attributed to the impreci-
sion of the technique and are therefore regarded as true
changes in tumour glucose metabolism. Using this cut-
off point, a correct discrimination between responders
and non-responders to imatinib mesylate treatment
could be made in most of the patients in this study. One
patient with stable disease on PET obtained a durable
stable disease on CT for 88 weeks. Maybe this patient
had a slowly-growing GIST since the time interval



S. Stroobants et al. | European Journal of Cancer 39 (2003) 2012-2020 2019

between the first diagnosis and the development of liver
metastasis was more than 5 years. In contrast, one
patient with a marginal reduction in FDG uptake
showed early progression on radiological imaging. Retro-
spectively, the optimal cut-off point should probably be
much more stringent since only patients with major
partial responses truly benefit from this new treatment.
Van den Abbeele and colleagues [26] analysed their data
accordingly and found that major PET responses (resi-
dual SUV ..« <2.5 for all lesions) were associated with
a better PFS and overall survival.

In cytotoxic treatment regimens, reductions in glucose
metabolism can already be seen after one cycle of
chemotherapy [6,8,9] and this gradually declines with
further effective treatment [10,11]. In contrast to this
continuous reduction in FDG uptake during cytotoxic
treatment, a rapid and almost complete shutdown of the
glucose metabolism is observed almost immediately
after the start of imatinib mesylate treatment in
advanced GIST patients. The molecular mechanisms
responsible for this rapid decrease in glycolytic activity
remain unknown. One possible explanation could be a
direct inhibition of the hexokinase activity by imatinib
mesylate as suggested by Boren and colleagues [27]. In
that case, response assessment with FDG-PET is only
measuring one of the downstream effects of the block-
ade of the c-kit receptor rather than being a direct mar-
ker of cell viability or proliferation. This hypothesis
should be further evaluated by using not only FDG, but
also thymidine analogues like Fluoro-L-Thymidine
(FLT) for measuring in vivo DNA synthesis in these
patients during imatinib mesylate treatment.

We conclude that FDG-PET imaging can be used as
an early and sensitive method to evaluate the response
of STS to imatinib mesylate treatment. Response on
PET closely correlates with subjective symptom control,
precedes tumour shrinkage by several weeks and is
associated with a longer PFS.

Early assessment of treatment efficacy is probably less
crucial in the treatment of metastatic GIST patients,
since no other effective drug is available to date. It can,
however, help in identifying response in patients with
ambiguous CT changes or in cases of discordant findings
between subjective and CT response data. However, if
imatinib treatment is expanded to the neo-adjuvant set-
ting, early accurate assessment of response is crucial to
select patients who will benefit from this neo-adjuvant
treatment prior to surgery.
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