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 To the Editor, 

 Gastrointestinal stromal tumour (GIST) is the 
most common soft-tissue sarcoma, with reported 
annual incidence of 14 – 20 cases per million [1,2]. 
Approxi mately half of the patients will relapse within 
fi ve years despite complete surgical resection [3]. 
Standard chemotherapy and radiotherapy are not 
effective, but the majority of patients with locally 
advanced or metastatic GIST respond to the tyrosine 
kinase inhibitor (TKI) imatinib [4], however, are 
seldomly cured [5]. Approximately 15% of GISTs 
are prima rily imatinib-resistant and most responders 
develop secondary resistance to imatinib [5]. Adverse 
effects of imatinib are dose-dependent and espe-
cially patients with large tumour burden and poor 
general condition are exposed. Early treatment 
assessment may contribute to a more individualised 
treatment regime, avoiding ineffective treatment and 
unnecessary toxicity. 

 Traditionally, computed tomography (CT) and 
the response evaluation criteria in solid tumours 
(RECIST) [6] have been used for the assessment of 
treatment response in GIST patients. Based solely 
on measurements of tumour size, functional and 
metabolic responses are not included. When imaged 
by  18 F-fl uorodeoxyglucose positron emission tomo-
graphy ( 18 F-FDG PET) most GISTs show high 
metabolic activity (high uptake of  18 F-FDG) [7], and 

treatment response can be observed as reduced 
uptake as early as 24 hours after onset of TKI 
treatment [8]. About 20% of untreated GISTs 
may, however, be without visibly increased  18 F-FDG 
uptake and still be overtly malignant [9]. Further-
more,  18 F-FDG PET is a costly examination with 
limited availability. Recently, diffusion-weighted 
magnetic resonance imaging (DW MRI) has been 
applied for monitoring tumour response following 
therapeutic interventions [10]. Malignant tumours 
usually show high signal intensity on DW MRI 
because of high cellular density and limiting the free-
dom of water molecules to move [11]. The diffusion 
in tissue can be quantifi ed by calculation of the 
apparent diffusion coeffi cient (ADC), inversely 
related to the DW MRI signal intensity. During 
TKI treatment the cellular density is anticipated to 
decrease. The decrease is refl ected by an increasing 
tumour ADC [11]. The magnitude of ADC increase 
will depend on tumour cell death, remodelling of 
tissues, vascular normalisation, development of fi bro-
sis, and phagocytosis of dead cells. We recently pub-
lished a case where DW MRI was used for both the 
initial diagnosis and for the assessment of treatment 
response in a rectal GIST patient receiving imatinib 
[12]. Tang et   al. have investigated the use of the dif-
fusion coeffi cient separately as an early response 
indicator in these patients, without comparison to 
other functional modalities [13]. 

Acta Oncologica, 2014; 53: 143–160

ISSN 0284-186X print/ISSN 1651-226X online © 2014 Informa Healthcare
DOI: 10.3109/0284186X.2013.798428



144 M.-E. Revheim et al. 

 The aim of this study was to explore the feasi-
bility of DW MRI,  18 F-FDG PET/CT and CT to 
detect early response in GIST patients treated with 
imatinib.  

 Material and methods 

 Ten consecutive patients (mean age; 69 years, range 
41 – 91 years) referred to our institution for imatinib 
treatment were included between February 2011 
and April 2012. The 10 GISTs were either locally 
advanced (considered surgically unresectable, n    �    3) 
or had given rise to distant metastasis (n    �    7). The 
study (ClinicalTrials identifi er NCT01276483) was 
approved by the regional medical ethics committee 
and written informed consent was obtained. Patient 
and tumour characteristics are summarised in 
Table I. 

 DW MRI,  18 F-FDG PET/CT and CT were per-
formed 2 – 4 days prior to (Tp0) and early after onset 
of imatinib treatment (range 8 – 18 days, Tp1). All 
imaging procedures at Tp0 and Tp1 were performed 
on the same day. Late treatment outcome was defi ned 
as change in longest tumour diameter at CT between 
Tp0 and after three months of imatinib treatment 
(Tp2), categorised according to RECIST [6]. 

 Early changes in imaging parameters according 
to RECIST, the Choi criteria and the positron emis-
sion tomography response criteria in solid tumours 

PERCIST between Tp0 and Tp1 were compared to 
late treatment outcome. 

 The imaging protocols and detailed informa-
tion about image review and response assessment 
can be found in Appendix 1  ‘ Imaging and review 
protocols ’  (Appendix 1 available online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2013.798428).   

 Results 

 Ten GIST patients with a total of 15 lesions were 
included in this study. All individual image fi ndings can 
be found in Appendix 2  ‘ Imaging fi ndings ’  (Ap pen-
dix 2 available online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2013.798428). At 
Tp0, median longest tumour diameter was 39 mm 
(range 20 – 222 mm). Mean reduction in the longest 
tumour diameter at Tp1 and Tp2 was 13% (range 
19 – 42%) and 32% (range �16 – 45%), respectively. 

 Classifi cation of treatment response according to 
the different sets of response criteria are summarised 
in Table II. At Tp1, only three patients (patients 3, 6 
and 10) were classifi ed as responders according to 
RECIST [6], whereas at Tp2, all except two patients 
with stable disease (patients 1 and 2), were classifi ed 
as responders. 

 The difference between SUV mean  in the right liver 
lobe (circular ROI of 3 cm diameter) at Tp0 (mean; 
1.63, range 1.1 – 2.0) and Tp1 (mean; 1.59, range 
1.2 – 2.1) was less than 0.2 units for all 10 patients. 
Thus, treatment-induced changes detected at 
 18 F-FDG PET can be assessed with high reliability. 

 In three patients with a total of four lesions 
(patients 4, 8 and 9) the  18 F-FDG uptake in the 
lesions was lower than the surrounding background 
activity. These patients (longest baseline diameters of 
20 – 44 mm) were therefore excluded from further 
 18 F-FDG PET analyses. For the remaining seven 

  Table I. Patient and tumour characteristics.  

 Age 

Median 69 years
Range 41 – 91 years

 Gender 
Male 8
Female 2

 Primary 
Stomach 6
Small intestine 4

 Tumour size 
Median (mm) 39
Range (mm) 20 – 222

 Metastases 
Liver 4
Intra-abdominal 2
Liver and intra-abdominal 1
No metastases 3

 Mitotic index 
 �    5/50 HPF 7
 �    5/50 HPF 3

 Mutation analysis 
 KIT  exon 11 9
 KIT  exon 9 1

 Imatinib dosage 
200 mg 2
400 mg 7
 800 mg 1

  Table II. Treatment response according to different sets of 
response criteria.  

Tp1
Tp2

 mRECIST  Patient  ADC  PERCIST  Choi  mRECIST 

1 NR R NA SD SD
2 NR R NR SD SD
3 R R R PR PR
4 R NA NA PD PR
5 R R R SD PR
6 R R R PR PR
7 NR R R SD PR
8 R NA R SD PR
9 R NA NR SD PR
10 R R R PR PR

    NA, not applicable; NR, non-responders; PD, progressive disease; 
PR, partial response; R, responders; SD, stable disease.   
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patients, median SUV max  at baseline was 9.5 (range 
4 – 13.8). At Tp1, mean SUV max  was reduced by 78% 
(range 48 – 96%). Five of the seven patients showing 
metabolic response at Tp1 were classifi ed as respond-
ers according to RECIST at Tp2. For patients 1 and 
2 the decrease of 72% and 96% in SUV max  at Tp1 
was not followed by tumour shrinkage at Tp2. Thus, 
late response was correctly predicted by  18 F-FDG 
PET at Tp1 in fi ve of 10 patients. 

 At Tp0, median attenuation was 69.5 HU (range 
29 – 80 HU). At Tp1 the mean attenuation coeffi -
cient was reduced by 20% (range �21 – 70%). The 
two patients without contrast-enhanced CT were 
excluded since the Choi criteria require measure-
ments in the portal-venous phase. Of the remaining 
eight patients four showed a decrease in CT density 
value above the cut-off ( �    15%) for response accord-
ing to the Choi criteria (patients 3, 5, 6 and 7). By 
including a size reduction of  �    10% as defi ned in the 
Choi criteria two more patients were classifi ed as 
responders (patients 8 and 10). 

 Median ADC at Tp0 was 0.8    �    10 �3  mm 2 /s (range 
0.5 – 1.7 mm 2 /s). At Tp1, mean ADC was increased 
by 64% (range 13 – 140%). For three patients the 
ADC at Tp1 indicated no treatment response (ADC 
increase  �    30%): For patient 2 the 13% decrease at 
Tp1 was followed by a slight increase in longest 
tumour diameter at Tp2 (6.5%). Patient 7 showed 
unchanged ADC at Tp1, but had a reduction of MRI 
tumour volume and the longest tumour diameter at 
CT of 45% and 42% at Tp2, respectively. Patient 1 
showed insuffi cient ADC increase (25%) and a minor 
reduction in MRI volume (20%), longest tumour 
diameter and histological assessment at Tp2 indi-
cated stable disease. The three patients with four 
non- 18 F-FDG avid lesions all showed ADC increase 
 �    30% (130%, 29/50% and 86%, respectively) at 
Tp1. Thus, ADC correctly predicted treatment 
response in nine of 10 patients. 

 All patients with  18 F-FDG avid lesions (n    �    7) at 
Tp0 were responders at Tp1 according to PERCIST. 
Using the Choi criteria at Tp1, two patients were 
non-responders whereas the others met the criteria 
of response. The RECIST, the Choi criteria and the 
PERCIST were concordant in only two patients at 
Tp1 (patients 6 and 10) (Table II).   

 Discussion 

 This study indicates that DW MRI at an early stage 
can predict treatment outcome in GIST patients 
receiving imatinib. Established response criteria for 
CT and  18 F-FDG PET/CT did not provide the same 
correctness. 

 The usefulness of size-based criteria alone for 
assessment of initial response is limited as early 

change in tumour size has proven not predictive of 
ultimate response [14]. Additional CT parameters 
such as attenuation measurements may provide use-
ful information, and the combination of decrease in 
tumour size and decrease in density has been found 
to be valuable parameters for the evaluation of 
response to imatinib treatment for GIST patients (the 
Choi criteria) [9]. In the present study, only three of 
10 patients had partial response at Tp1 according to 
RECIST, but by including the Choi criteria fi ve more 
patients were correctly categorised as responders. 

  18 F-FDG PET/CT is claimed to be the modality 
of choice for the evaluation of treatment response 
to imatinib [15]. Even though most GISTs show 
increased  18 F-FDG-uptake, some GISTs do not 
show suffi cient  18 F-FDG uptake to be detected by 
PET [9]. In general, PETs ability to detect small 
lesions may be limited by the spatial resolution and 
physiologic background activity. Choi et   al. reported 
that 36 of 173 (21%) lesions did not have detectable 
 18 F-FDG uptake on pre-treatment PET and that 17 
of these were more than 20 mm in diameter [9]. In 
the present study, lesions in three of 10 patients were 
not detected by  18 F-FDG PET (Figure 1; patient 9). 
None of these lesions were less than 20 mm; median 
diameter was 39 mm. A dynamic acquisition might 
improve the performance of  18 F-FDG PET as an 
early biomarker for response. Clinically relevant 
information, such as blood fl ow, exchange rates, 
phosphorylation and dephosphorylation rates can be 
extracted from a dynamic acquisition. In the current 
study, the early changes in SUV max  for the  18 F-FDG 
avid lesions were of great magnitude and easily 
detected. However, in two patients (patients 1 and 
2) the marked decrease in SUV max  was not followed 
by a reduction in tumour diameter after three months 
and both were therefore classifi ed as having stable 
disease according to RECIST. For one of these 
patients, stable disease was conformed at six months 
follow-up imaging (patient 2). The other patient 
underwent liver resection of a solitaire metastasis 
after 11 weeks of imatinib treatment (patient 1). 
Microscopic evaluation showed decreased cellularity 
and increased amounts of collagenous fi bres com-
pared to the primary tumour, but minimal necrosis. 
The histological response was graded as low,  �    10% 
and  	    50% response supportive of stable disease. 
The pronounced reduction in  18 F-FDG uptake 
observed in these two patients clearly qualifi es as 
responders at PET. Previous studies have shown that 
both imatinib responders and patients attaining 
disease stabilisation have similar survival outcome 
[16,17] and thus the importance of distinguishing 
between responders and those with stable disease 
may be artifi cial. 
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 Complete metabolic response at  18 F-FDG PET 
has frequently been reported in GIST patients, 
however, curative treatment with imatinib is rare [5]. 
A negative  18 F-FDG PET after treatment often sug-
gests good treatment response but does not indicate 
absence of cancer cells [18] (Figure 2; patient 1). A 
30% decrease in SUV, as proposed as threshold for 
response in the PERCIST does not necessarily 

predict favourable outcomes in GIST patients treated 
with imatinib [14,15]. In the present study all pati-
ents received imatinib, and the mean decrease in 
 18 F-FDG-avid lesions was 78% supporting previous 
reports which suggested that a higher threshold than 
proposed in PERCIST may be appropriate [14]. 

 Compared to  18 F-FDG PET and CT, DW MRI 
does not rely on the use of ionising radiation, there 

  Figure 1.     Forty-seven-year-old woman with metastatic GIST. Patient 9: Liver metastasis (white arrow) at CT ( a,d ),  18 F-FDG PET/CT 
( b,e ) and ADC map ( c,f ) before ( a–c ) and after 12 days of imatinib treatment ( d–f ). The attenuation was almost unchanged at CT.  
18 F-FDG uptake was indistinguishable from liver parenchyma (already before treatment). At MRI the mean value and the range of 
ADCs increased substantially, indicating good response. Microscopic examination of the resected metastatic liver lesion showed scattered 
tumour cells within fi brous tissue. There were two mitotic fi gures/50 high power fi elds. The tumour cells were positive for CD117 and 
DOG1. The histological response was  �    10% and  	    50%.  

  Figure 2.     Sixty-seven-year-old man with metastatic GIST. Patient 1: Liver metastasis (white arrow) at CT ( a,d ),  18 F-FDG PET/CT ( b,e ) 
and ADC map ( c,f ) before ( a-c ) and after 12 days of imatinib treatment ( d-f ).  18 F-FDG PET/CT showed a decrease in SUV max  indicating 
good response, whereas ADC increase indicated only minor response (ADC increased from 1.2 to 1.5    �    10 -3  mm 2 /s). Microscopic examination 
of the resected liver lesion showed moderate cellularity, minimal necrosis and large amounts of collagenous fi bres without visible mitotic 
fi gures. The tumour cells were positive for CD117 and DOG1. The histological response was low  �    10 and  	    50%.  
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is no need for administration of contrast agent or 
radioactivity, and the examination can be carried out 
in a few minutes. Furthermore, MRI has the advan-
tage of being more available, offers easier examina-
tion logistics and lower cost than does  18 F-FDG 
PET. Both preclinical and clinical studies have shown 
that ADC increase as early as 3 – 11 days after initiat-
ing treatment are correlated to treatment outcome 
[19,20]. However, increases in ADC as a result of 
tumour cell death may not be a prolonged phenom-
enon and will with time fall due to vascular nor-
malisation, phagocytosis of dead cells, remodelling of 
tissues and development of fi brosis [10]. Imatinib 
has some antiangiogenetic effects [21] and may 
induce reduction in blood and extracellular space, 
which prevent water movement in the extracellular 
space resulting in an initial decreased ADC [11]. 
Subsequent tumour necrosis following antivascular 
treatment causes an increased ADC. Thus, there may 
be a limited time window where an increase in ADC 
is a usable criterion for treatment response (Figure 3, 
patient 2). A major challenge for DW MRI is the lack 
of standardisation of acquisition, measurement and 
analysis and the fact that there are no internationally 
accepted defi nitions for response on DW MRI. Fur-
thermore, the threshold of changes in ADC corre-
sponding with a true treatment effect has not been 
established. Reproducibility studies have shown that 
ADC may vary with up to 29% between consecutive 
DW MRI examinations [22 – 24]. We therefore defi ned 
responders as patients with an ADC increase of 
 �    30% at Tp1. A large early reduction in tumour 
volume for patient 7 (45%) may have masked an 

increase in ADC (patient 7) and thus lead to misclas-
sifi cation of ADC-response at Tp1. 

 Tang et   al. recently reported that the largest dif-
ference in ADC change between responders and 
non-responders was observed after one week of ima-
tinib treatment; median ADC increase of 44.8% and 
1.5% for the responders and non-responders, res-
pectively. In the current study, a median increase for 
responders was 75% (mean 64%) after 12 days of 
imatinib treatment [13]. 

 Growth pattern and biological heterogeneity of 
GISTs and their variable response to imatinib treat-
ment challenge the interpretation of images from these 
patients. In-depth knowledge of the physical principles 
underlying image information is essential for evalua-
tion of treatment response. In cases where tumour is 
intermixed with benign tissue and the tumour consists 
of several tissue components (Figure 1; patient 9) 
image values obtained for the entire lesion may be of 
limited clinical value, as the response to treatment may 
be different for different components. Isolated use of 
mean ADC could mask tissue heterogeneity and be 
misleading (Figure 3; patient 2). Histogram analysis 
may increase the predictive outcome of ADC mea-
surements. Furthermore, qualitatively assessment of 
DW MRI using high b value images may detect focal 
areas of residual tumour [11]. 

 In conclusion, nine of 10 patients could be 
correctly identifi ed at an early stage by altered 
ADC, illustrating the potential of this technique for 
monitoring treatment response in GISTs following 
imatinib therapy. Our aim is to confi rm these 
fi ndings in the ongoing prospective clinical trial 

  Figure 3.     Forty-one-year-old man with metastatic GIST. Patient 2: Liver metastasis (white arrow) at CT ( a,d ),  18 F-FDG PET/CT ( b,e ) 
and ADC map ( c,f ) before ( a–c ) and after 12 days of imatinib treatment ( d–f ). Reduction in attenuation on CT and of SUV max  on  18 F-
FDG PET/CT. ADC changed from values refl ecting peripheral solid tumour and central necrosis into values indicating peripheral necrosis 
and central fi brosis. Stable disease was observed at six month follow-up imaging. Microscopic examination of a needle biopsy from the 
liver prior to imatinib treatment showed a moderately cellular GIST metastasis. The biopsy was positive for CD117 and DOG1 on 
immunohistochemistry. No post-treatment tumour tissue was available for examination.  
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