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ABSTRACT 
 

Introduction: Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal neoplasms of the 
gastrointestinal tract. GIST has been shown to over-express c-KIT (CD117), the receptor tyrosine kinase. Imatinib 
(STI571 or Glivec) is a new type of tyrosine kinase inhibitor that selectively inhibits various tyrosine kinases and 
has been successfully used to treat GIST. In this study we have compared the results of F-18 FDG PET with those of 
CT in patients with GIST before and early after the treatment with Imatinib. 
Methods: The performance of CT and FDG PET imaging in the staging and follow-up of GIST lesion was 
retrospectively evaluated and compared in 15 patients with 67 suspicious lesions. All patients were examined before 
and after treatment with Imatinib. Findings of CT and FDG PET were compared on both patient- and lesion-based 
basis for the whole group and for anatomic locations.  
Results: Overall 67 lesions were detected in both pre-therapeutic FDG PET and CT imaging. In the pre-treatment 
studies there was no significant difference between detected lesions on FDG PET and CT (p = 0.19). However, after 
treatment with Imatinib (follow-up interval of 30 + 16 days), FDG PET predicted response to therapy earlier than 
CT in 18% of lesions and 14% of patients, respectively. There was no significant difference in the density of 
malignant lesions by means of Hounsfield unit (HU) in the baseline PET in comparison to the early post-therapeutic 
investigations (93 + 16 vs. 90 + 22). 
Conclusion: For treatment monitoring of Imatinib in GIST patients, FDG PET gives more precise information of 
active state of disease compared with CT.  
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Introduction 

 
Usually (commonly), the response to cancer 
treatment in solid tumors is evaluated by subsequent 
clinical or radiological assessments of target lesions 
and is defined as a significant decrease in measurable 
tumor dimensions (1, 2). There are, however, 
significant limitations for evaluation of tumor 
response by volume changes, especially in 
gastrointestinal stromal tumor (GIST). Accurate 
measurement of tumor dimensions can be extremely 
difficult in non-well defined lesions in case of bone, 
bowel or peritoneal metastases (3). Reduction in 
viable tumor cell fraction does not always result in a 
volume reduction since tumor 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 (3). Usually, the first evaluation 
of objective responses measured by computerized 
tomography (CT) are performed not earlier than 2-3 
months after the start of treatment because earlier 
changes are seldom significant (3). Therefore, 
conventional imaging modalities (e.g. CT) can 
identify an unusual mass and define its anatomical 
location and extension; they cannot alone exactly 
differentiate malignant from benign tissue, or 
recurrent tumor from necrotic tissue. 
Gastrointestinal stromal tumors (GISTs) are the most 
common mesenchymal tumors of the gastrointestinal 
tract. They may be best defined as KIT (CD117) 
immunostaining-positive mesenchymal spindle cell 
or epitheloid neoplasms originating from the 
gastrointestinal tract, omentum, or mesentery, and 
constitute about 5% of all malignant sarcomas (4, 5). 
Pathophysiologically, GISTs are characterized by a 
gain-of-mutation in KIT receptor tyrosine kinase. The 
mutations are most commonly located in exon 11 
(coding for intracellular juxtamembrane region of the 
receptor), and in exon 9 (coding for a region located 
in the extracellular domain). These mutations lead to 
ligand –independent receptor activation with 
consecutive malignant proliferation and protection of 
afflicted cells against apoptosis (6, 7). Imatinib 
mesylate (GlivecR, formerly STI571, Novartis 
pharma AG, Basel, Switzerland) - an inhibitor of 
certain receptor tyrosin kinases involved in cell 
signaling (8) - has shown very promising clinical 
results in the treatment of patients with progressive 
GISTs, which are highly refractory to chemotherapy 
(9, 10). The distinction is further compromised in 
GIST treated with Imatinib mesylate, where 
significant metabolic tumor response seems to occur 

before morphologic change is apparent and tumor can 
persist despite histological evidence of degeneration 
and fibrosis (11, 12). Therefore, it is really important 
to select a method that provides early and accurate 
estimation of therapeutic response in patients with 
GIST. 
Initially, F-18 FDG PET was used in the diagnosis 
and staging of malignancies (13), but, in the last 
years, promising results have also been obtained in 
the evaluation of the response to treatment, especially 
in GIST’s patients who underwent Imatinib therapy 
(5, 14, 15) . 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 glucose metabolism is closely related to the 
number and the proliferation capacity of these viable 
cells (16). Treatment – induced changes resulting in 
tumor cell death or growth arrest should therefore 
leads in a subsequent reduction in FDG uptake, 
making this technique a sensitive and early marker of 
response. Therefore, the aim of this study was if 
metabolic imaging using FDG PET can be used for 
the earlier and more accurate evaluation for treatment 
response of GIST tumors with Imantinib mesylate in 
comparison with CT. 
 

Methods 
 
Patients 
 
Twenty patients (mean age 73 + 16; 12 men, 8 
women) underwent PET - CT studies before and after 
treatment with Imatinib mesylate. The average 
interval between evaluation studies was 4 weeks. All 
patients entering the study had to have either 
histological confirmation or positive c-kit expression 
on the basis of CD117 immunohistochemical 
staining. Additionally, they had to have a measurable 
lesion, with evidence of progression. All patients had 
to fast at least 12 hours to the PET study. Exclusion 
criteria were chemotherapy, radiation therapy or a 
second type of cancer. Five patients were excluded 
from the study because of parallel therapy (i.e. 
chemotherapy and/or radiotherapy). Four patients, 
with evidence of recurrence based on clinical 
nomograms, had an organ restricted operation (i.e. 
stomach). 
 
Treatment 
  
Patients included in this study received Imatinib 
mesylate in doses ranging from 400 – 600 mg once 
daily. Treatment was continuously administered 
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except in the case of unacceptable toxicity or refusal 
from the patient. In case of disease stabilisation and 
absence of side – effects, treatment had been 
continued for a mean time of one and half years. 
 
PET - CT Imaging  
 
Dual - modality PET - CT imaging was performed on 
an integrated PET - CT system (Discovery LS®, GE 
Medical Systems, Milwaukee, USA). All PET scans 
were acquired in 2D mode (4 min emission per bed 
position). 
The CT component provided a minimum gantry 
rotation time of 500 ms and a maximum scan time of 
100 s. CT images were acquired with 165 mAs, 120 
kV, a slice width of 5 mm, and a table feed of 22.5 
mm/rotation. For vascular and parenchymal 
delineation, 100 ml of an iodinated contrast agent 
(Visipaque 270mg I/ml or Imagopaque 300mg I/ml) 
were administered intravenously at 2.5 ml/s (start 

delay, 50 s) with an automated injector (Medrad 
Envision CT injector). Sufficient small - bowel 
delineation was accomplished by administration of 
1,000 ml water. A respiration protocol providing a 
limited breath-hold was used to avoid motion-
induced artifacts in the area of the diaphragm (17). 
All patients were instructed to breath shallowly 
during CT acquisition of the head and neck and upper 
thorax. To avoid motion - induced misregistration 

around the diaphragm, all patients were instructed to 
breathe out at the level of the lower thorax and hold 
their breath in expiration during image acquisition in 
the lower thorax and the liver. Patients were then 
allowed to continue breathing shallowly.  
PET imaging was started 60 min after the 
administration of a mean of 300 MBq F-18 FDG. To 
document normal blood glucose levels, blood 
samples were obtained before the tracer injection. The 
PET component of the combined imaging system 
represented a full-ring tomograph with an inplane 
spatial resolution of 4.6 mm and an axial field of view 
of 15.5 cm for 1 bed position. Images were 
reconstructed using an iterative reconstruction 
algorithm "the ordered subsets-expectation 
maximization method" (OSEM). 
  
Assessment of Therapy Response 
 
PET 
 
PET images were read by 2 nuclear medicine 
physicians. A semiquantitative analysis was 
performed by means of maximum standardised 
uptake value (SUVmax), in addition to the visual 
interpretation for the assessment of each lesion. PET 

response was interpreted (18) according to the 
recommendations of the EORTC-PET  group (Table 
1). The reliability of findings was surveyed by 
clinical and / or diagnostic imaging during 
subsequent follow-up evaluations up to 1 year post 
initial diagnosis.  
 
CT 
 
CT datasets were evaluated by a general radiologist 
in consensus with PET reports. Responses to therapy 
(1, 2) on CT images were classified according to the 
World Health Organization (WHO) guidelines and 
the Response Evaluation Criteria in Solid Tumors 
(RECIST); fur further details see Table 2. 
Furthermore, we measured the tumor density by 
means of Hounsfield Unit (HU).  

Statistical Analysis 

To compare the effectiveness of the different imaging 
combinations, data were divided into categories of 
responders (partial response and complete response) 
and nonresponders (no change and progressive 

disease). Determination of agreement of the different 

imaging procedures were calculated with SPSS 
software (SPSS, Inc.). McNemar’s test was used to 
compare differences between the imaging procedures 

in determination of therapy response. A p - value of < 
0.05 was considered to be significant. 

Results 
 
Lesion - Based Analysis 
 
A total of 67 lesions were detected in pre-therapy 
evaluation by FDG PET – CT. In the pre - treatment 
studies there was no significant difference between 
detected lesions on FDG PET and CT (p = 0.19). 
However, we have just evaluated the therapy 
response in malignant lesions detected in both 
imaging modalities. The anatomical localizations of 
malignant lesions are summarized in Table 3. There 
was an agreement in the prediction of therapy 
response in 60% of the lesions. Fifty-three percent of 
lesions showed positive response and 7% presented 
no response to therapy in both imaging modalities. 
Incongruent results between FDG PET and CT were 
recorded in 40% of lesions. FDG PET predicted 
response to therapy earlier than did CT in 18% of 
lesions (93% PET vs. 75% CT) in a follow-up 
interval of 30 + 16 days.  
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Table 1- PET response defined according to EORTC PET recommendations 
 

 
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 

 
Table  2- Tumor response in CT based WHO and RECIST criteria 

 
 

WHO: World Health Organization  
RECIST: Response Evaluation Criteria in Solid Tumors 

 
 
 
 
 
 

 

 

Response 

Criteria 

 

WHO RECIST 

 

Complete response No lesions detectable on follow - up No lesions detectable on follow - up 

Partial response Target sum reduction of  50% Target sum reduction of  30% 

No change 

 
  

Minor response Target sum reduction of > 25% but < 50% 
Target sum reduction of <30%, 

unchanged, or increase of <20% 

Stable disease 
Target sum reduction of < 25%, unchanged, or 

increase of  25% 

Target sum reduction of <30%, 

unchanged, or increase of <20% 

Progressive disease Target sum increase of > 25% Target sum increase of  20% 



D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.tu

m
s.

ac
.ir

/ 
on

 M
on

da
y,

 A
ug

us
t 1

3,
 2

01
2

Beheshti et al.     FDG PET vs CT in GIST 

 

Iran J Nucl Med 2007; Vol 15, No 2 (Serial No 28) 

38

FDG PET showed complete response (CR) in 63% of 
the lesions with a decrease in maximum SUV to 
background activity, 30% partial response (PR) with 
a decrease in mean SUVmax from 7.6 + 3.0 in pre-
therapy studies to 3.8 + 2 in post-therapy 
examinations, and lack of response in 7% of the 
lesions (2 false - positive due to physiologic bowel 
activity). However, CT showed 23% CR, 52% PR 
and 25% no response to therapy in early evaluation 
studies (30 + 16) was seen.  
 
 
Table 3- Localization of malignant lesions in FDG PET - 
CT 
 

Site Number of lesions 
GI-Tract 36 

Liver 17 

Peritoneum 4 

Lymph nodes 8 

Lung 1 

Bone 1 

Total 67 
 
 
There was no significant difference in the density of 
malignant lesions by means of Hounsfield unit s(HU) 
in pretherapy in comparison to early post - 
therapeutic investigations (93 + 16 vs. 90 + 22). 
However, in 4 patients with subsequent FDG PET - 
CT studies, HU in responder lesions decreased to a 
mean of 35 + 8.0 in follow - up studies 4 - 6 months 
after beginning of therapy, respectively. When 
comparing WHO and RECIST criteria for 
determination of tumor response on CT images, 
incongruent results were seen in 6 (9%) lesions that 
WHO correctly determined response to therapy as 

partial response, but graded as no changes with 
RECIST after 4 weeks. On further comparison, WHO 
and RECIST led to equal assessment of tumor 
response. 
 
Patients - Based Analysis  
 
In early posttherapy evaluation both FDG PET and 
CT showed therapy response in 13 patients. FDG 
PET predicted response to therapy earlier than CT in 
14% of patients (87% PET vs. 73% CT). However, 
FDG PET showed CR in 10 (66%) patients, PR in 4 
(27%) patients and no response in 1(7%) patient. 
With CT only 4 (27%) patients showed CR, 9 (60%) 
patients PR and 2 (13%) had no therapy response.  

In patients-based analysis, WHO and RECIST 
criteria demonstrated similar results concerning 
tumor response on CT. 
 

Discussion 
 
Metabolic imaging with FDG PET seems to be an 
excellent technique for evaluating the efficacy of 
treatment in patients with GIST tumors undergoing 
Imantinib mesylate therapy. 
The better understanding of pathophysiology of 
different cancer types has led (19) to the development 
of a whole new class of anti - cancer drugs, the 
protein tyrosine kinase inhibitors (PTKI). Imatinib 
mesylate is the first small molecule of PTKI that has 
been successfully introduced into human clinical 
practice. Early clinical therapy trials in GISTs 
conducted in Europe and the United States showed a 
significant improvement in progressive - free survival 
(PFS) and overall survival in comparison to previous 
studies (10, 11). Therefore, it has now been approved 
for the treatment of chronic myeloid leukemia (CML) 
and unresectable and/or metastatic GISTs. 
Although a subjective tumor response was seen 
within a few days  in responders, objective tumor 
shrinkage - detectable in morphological imaging 
modalities e.g. CT -  was sometimes minimal and 
tended to occur only after several weeks (9-11). 
Tumor biopsies taken within one month after the 
beginning of therapy showed in some patients a 
myxoid degeneration of the tumor with only a few 
foci of viable GIST cells remaining, thus proving the 
underestimation of true response as measured by CT 
(9-11). 
The superiority of the metabolic response assessment 
with FDG PET was first reported by Joensuu and 
colleagues (9) in the first GIST patient ever treated 
with Imatinib mesylate. Although the liver metastasis 
became ‘ cyst - like ’ on CT already 4 weeks after the 
first therapy - suggesting structural and functional 
changes in the tumor mass - major tumor shrinkage 
was first seen after eight months therapy. On FDG 
PET, however, all hypermetabolic lesions became 
totally inactive after 1 month of treatment. The value 
of FDG PET was later confirmed in the reports of the 
early clinical investigations (10, 11); metabolic 
responses occurred early after (14) the start of 
treatment (e.g. 24 hours) and predicted the 
subsequence CT response. In most of these literatures 
(14,15); they had briefly paid attention to the PET 
results comparing to the radiological techniques such 
as CT.  
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In this study, we attempted to establish the role of 
FDG PET in patients with recurrent and metastatic 
malignant GISTs in early evaluation of therapy 
response in comparison with CT. FDG PET was able 
to predict response to therapy earlier than did CT in 
18% of lesions and in 14% of patients 4 weeks after 
the beginning of therapy (Fig. 1 and 2).  
 
 
 

 
 
 
 
Fig 1. FDG PET, Left: Pre-theray staging diffuse 
abdominal involvement. Right: Two weeks after therapy 
with Imatinib, a significant reduction of FDG uptake. 
 
 
Thus, work-up of suspected malignant GIST 
recurrence would necessitate initial CT and FDG PET 
scans for diagnosis and staging. Patients without 
metastasis and surgically resectable lesions probably 
will not benefit from a subsequent FDG PET scan; 
except clinical evidence of recurrence. However, 
patients with unresectable disease or multiple 
metastases who are candidates for therapy with 
Imatinib mesylate probably will need follow-up FDG 
PET only. Our results do not support significant 
additional value for CT in the follow-up evaluation of 
patients who received Imatinib mesylate, especially in 
the initial period after the initiation of therapy. 
Therefore, metabolic evaluation with FDG PET gives 
significant information implying treatment’s 
evaluation with Imatinib mesylate in GIST.  
On the other hand, in cytotoxic treatment regimens, 
reduction in glucose metabolism can already be seen 

after one cycle of chemotherapy (20-22) and this 
gradually declines further effective treatment (23, 
24). In contrast to this continuous reduction in FDG 
uptake during cytotoxic treatment, a rapid and almost 
complete shutdown of glucose metabolism is 
observed immediately after the start of Imatinib 
mesylate treatment (3). The molecular mechanism 
responsible for this rapid decrease in glycolytic 
activity remains unknown; for that issue a direct 
inhibition of hexokinase activity by Imatinib 
mesylate ihas to be discussed (25). Boren and 
colleagues suggested that, the response assessment 
with FDG PET is only measuring  the downstream 
effects of the blockade of the c-kit receptor than 
being a direct marker of cell viability or proliferation 
(25). 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 (3). 
F-18 FDG PET has been shown to improve the 
assessment of tumor behavior by highlighting early 
functional changes in tumor glucose metabolism that 
appear to correlate closely with metabolic tumor 
response to Imatinib mesylate. 
Recently, Choi et al. (14) evaluated the tumor 
response by quantitative CT response criteria using 
both tumor size and density by means of HU. They 
found a decrease in tumor size of more than 10% or a 
decrease in tumor density of more than 15% on CT 
had a sensitivity of 97% and a specificity of 100% in 
identifying PET responders versus 52% and 100% by 
RECIST, in 2-month follow-up. However, in our 
study we found no significant decrease in density in 
responders even in a short time follow – up period 
(mean ~ 4 weeks). 
A limitation of our study was its retrospective nature 
and the fact that the FDG PET and CT scans were in 
one imaging procedure and interpreted by nuclear 
medicine physicians and radiologists, who probably 
had access to fusion images which may influence the 
interpretation; and it could be the reason for low 
number of false positive lesions in these imaging 
modalities.  
In conclusion, FDG PET imaging shows a more 
accurate and much earlier evaluation of active state of 
disease compared with CT for follow - up of GIST 
patients under Imatinib mesylate therapy.  
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Fig 2. FDG PET – CT in the follow – up of a GIST patient 

A: Pre - therapy staging of a patient with GIST with multiple abdominal malignant lesions.  

B: Therapy evaluation two weeks after therapy with Imatinib with a significant reduced uptake.  

C: Follow - up seven months after therapy.  

D: CT, two weeks after beginning of the therapy correlated with image “ B ”.  

E: CT, seven month after therapy correlated with image “ C ” showed no response to therapy. 

D E 

B C A 
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