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Imatinib mesylate is a selective inhibitor
of a few tyrosine kinases including KIT,
and it is the first effective treatment for
gastrointestinal stromal tumors (GISTs).
We monitored the serum levels of KIT, KIT
ligand (stem cell factor, SCF), and the
vascular endothelial growth factor (VEGF)
in patients with advanced GISTs treated
with imatinib in a prospective randomized
trial. Patients with GISTs (n � 66) had
elevated pretreatment serum KIT and
VEGF levels as compared with controls

(median, 292 AU/mL [409 ng/mL] vs 238
AU/mL [333 ng/mL], P � .037; and me-
dian, 303 pg/mL vs 190 pg/mL, P � .013,
respectively), but lower levels of SCF
(median, 645 pg/mL vs 950 pg/mL;
P < .0001). After 1 and 6 months of ima-
tinib treatment the average serum KIT
levels decreased 31% and 52% from pre-
treatment levels, whereas SCF levels in-
creased 11% and 33%, respectively. Se-
rum VEGF levels decreased during
treatment in responding patients. The me-

dian serum SCF/KIT ratio increased with
treatment duration, and was 7.7-fold
higher after 12 months of treatment than
at baseline (range, 3.1-259-fold). A high
serum SCF/KIT ratio may increase SCF-
induced cell signaling with prolonged ima-
tinib treatment, at the time when imatinib
treatment is withdrawn, and in patients
whose GIST has wild-type receptors.
(Blood. 2004;103:2929-2935)
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Introduction

Imatinib mesylate (Glivec, Gleevec, formerly known as STI571;
Novartis, East Hanover, NJ) is a selective inhibitor of certain
tyrosine kinases, including ABL, BCR-ABL, ARG, KIT, and the
platelet-derived growth factor receptors (PDGFRs; reviewed in
Capdeville et al1). Imatinib is highly active in the treatment of
chronic myeloid leukemia, where imatinib inhibits the kinase
activity of the BCR-ABL fusion protein.2 Other target diseases
include chronic myelomonocytic leukemia, where imatinib may act
by inhibiting the TEL-PDGFRB fusion protein produced as a result
of the 5;12(q31-33, p13) translocation,3 and idiopathic hypereosino-
philic syndrome by inhibiting the Fip-1-like 1 (FIP1L1)–PDGFRA
fusion protein that has tyrosine kinase activity.4 Imatinib therapy
may be effective also in the treatment of dermatofibrosarcoma
protuberans, where it inhibits PDGFR activation related to the
COL1/PDGF fusion gene resulting from translocation between
chromosomes 17 and 22,5 and of some desmoid tumors, where the
exact mechanism of action is not well understood.6

Imatinib is the first effective systemic therapy for gastrointesti-
nal stromal tumors (GISTs).7 GISTs are mesenchymal tumors of
the gastrointestinal tract that are likely to originate from the
interstitial cells of Cajal.8,9GISTs express the KIT receptor tyrosine
kinase, which can be detected by staining for the CD117 antigen
using immunohistochemistry.9,10 Up to 90% of GISTs have a
gain-of-function mutation in theKIT proto-oncogene that encodes

the KIT protein. Most mutations occur in theKIT exon 11, but
mutations may also be found in exon 9, and rarely in exons 13 and
17.9,11The ligand of KIT is the stem cell factor (SCF), which exists
as a dimer in vivo, and upon binding to KIT induces KIT
dimerization, autophosphorylation of certain tyrosine residues by
KIT cross-phosphorylation, and kinase activation. This leads to a
cascade of intracellular signaling events that favor cell proliferation
and enhanced cell survival. Gain-of-function mutations ofKIT
result in ligand-independent activation of KIT signaling, leading to
constitutive growth and antiapoptotic signals.

GISTs are notoriously resistant to conventional chemotherapy,7

but the majority of patients with GISTs treated with imatinib
mesylate achieve a durable response.7,12 About 10% to 15% of
GISTs are primarily resistant to imatinib, and a considerable
proportion of the patients who first respond to imatinib later show
acquired resistance.7 The mechanisms of imatinib resistance are
currently not known, but the type ofKIT mutation appears to be
predictive for treatment outcome. Patients with exon 11 mutations
have a higher likelihood of response to imatinib than those with
GISTs with exon 9 mutation. Patients with wild-typeKIT rarely
respond to imatinib.7,42

Proteolytic cleavage at the proximal immunoglobin-like extra-
cellular domain of KIT-expressing cells, such as the hematopoietic
cells, mast cells, or melanocytes, results in the genesis of soluble
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KIT.13 Importantly, soluble KIT binds SCF with an affinity equal to
that of membrane-bound KIT, and is able to inhibit SCF bioactivity
in vitro.14 Thus, soluble KIT may be an important regulator of
SCF-mediated activity. Healthy individuals have about 200 ng/mL
to 400 ng/mL of soluble KIT in the serum, and the molar ratio of
KIT to SCF is about 30:1 in human sera.13 No correlation has been
reported between serum-soluble KIT levels and age or gender.15-17

Serum SCF is produced by proteolytic cleavage of the mem-
brane-bound 248 and 220 amino acid residue isoforms of SCF on
various cell types, including fibroblasts, endothelial cells, and
hematopoietic progenitor cells. Variable median serum SCF levels
have been measured in healthy individuals, the median levels
ranging from 600 pg/mL to 3300 pg/mL.18-23

In the present study we longitudinally monitored serum levels
of SCF, soluble KIT, and the vascular endothelial cell growth factor
(VEGF) in patients with GISTs treated with imatinib in conjunction
with a prospective multicenter randomized trial. Since SCF binds
to and activates the wild-type KIT receptor tyrosine kinase, and
soluble KIT probably functions as a regulator of the biologic
activity of SCF, a change in the relative proportions of soluble SCF
and soluble KIT during imatinib therapy might influence the
potential for SCF-mediated cell signaling. We also monitored the
serum levels of the major angiogenic growth factor, VEGF, in the
same patients, because GISTs are generally highly vascular tumors
and serum VEGF levels have been reported to change in parallel
with treatment response in certain types of human cancer.24-26 To
our knowledge, serum KIT, SCF, and VEGF levels in patients with
GISTs are not known, and have not been previously evaluated
during imatinib therapy.

Patients, materials, and methods

Patients and treatment

The effect of imatinib on serum growth factor levels was investigated in
a series of patients who took part in a clinical trial that evaluated the
safety, tolerability, and efficacy of imatinib mesylate in patients with
inoperable and/or metastatic GISTs (the CSTI571B2222 trial).7 In this
open-label, randomized, multicenter trial, a total of 147 patients with
histologically verified, immunohistochemically CD117 (KIT)–positive
GISTs were randomly allocated to receive either 400 mg or 600 mg
imatinib mesylate orally once daily until treatment failure. Treatment
toxicity, blood cell counts, and blood chemistry were monitored
longitudinally, and treatment response was evaluated at 1- to 3-month
intervals using either computed tomography or magnetic resonance
imaging (MRI). The results of the study have been published else-
where.7 In brief, 54% of the patients had at least 50% reduction of the
tumor volume (a partial response), 28% had stable disease, 14% had
progressive disease during a median follow-up of about 10 months, and
5% of the patients were not evaluable for response. Patients were
required to sign an informed consent for study treatment, serum
sampling, and tissue biopsies before study entry, and the study protocol
was approved by the institutional review board of each of the 4
participating centers.

Sera from 66 of the 147 patients enrolled in the study were available to
us for measurement of soluble KIT, SCF, and VEGF levels prior to initiation
of imatinib treatment, and after starting treatment. These 66 patients form
the basis of the present study. Their median age was 54 years (range, 25-79
years), and 32 (48%) were male. Of the 66 patients, 9 (14%) had
progressive disease despite imatinib therapy. The median age and the
progressive disease rate of the 66 subjects included in the present study are
identical to those of the 147 patients who were enrolled in the CSTI571B2222
trial. KIT gene mutation analysis was done with denaturing high-
performance liquid chromatography (dHPLC) and DNA sequencing. Exon

11 mutation was found in 34 cases (52%), exon 9 mutation in 8 cases (12%),
exon 13 and 17 mutation in 1 case (1%) each, and no mutation was detected
in 4 cases (6%) (the mutational status was unknown in 18 cases [27%]).
Thirty-seven patients (56%) received 400 mg and 29 (44%) received 600
mg imatinib daily. Data from 2 patients diagnosed with GIST and treated in
a compassionate-use protocol in one of the study centers (Helsinki) were
also included in the analysis of long-term effects of imatinib on serum KIT
and growth factor levels (see Table 2).

Serum and blood samples

A pretreatment (baseline) serum and blood sample for growth factor
analysis was taken 0 to 7 days before starting imatinib treatment. The first
follow-up samples were collected about 1 month (range, 2-7 weeks) after
taking the first dose of imatinib, and the subsequent samples were collected
a few months after the first imatinib dose. Serum (� 1 mL) was collected,
centrifuged at 2000g for 10 minutes at �4°C, and then stored as aliquots at
�20°C or colder. Whole blood samples (� 2 mL) were collected in test
tubes containing sodium citrate as an anticoagulant. The whole-blood
samples were lysed by adding 2 volumes of sterile aqua, and subsequently
freeze-thawing the samples twice.27

Control subjects

Serum KIT, SCF, and VEGF were measured in 40 control subjects. We
obtained sera from 24 generally healthy hospital workers who consented to
give a blood sample for the study, and 16 male individuals who took part in
a prostate-specific antigen (PSA)–based screening trial for prostate cancer.
The PSA-screening trial participants were identified from the Population
Registry of Finland,28 and the analyses were done from the leftover sera
after serum PSA had been measured. The samples were frozen and stored
for 4 to 6 months at �20°C or at �80°C before analysis. The median age of
the control subjects was 52 years (range, 23-71 years), and 55% were male.

Serum concentrations of KIT, SCF, and VEGF

The serum levels of KIT, SCF, and VEGF were determined by enzyme-
linked immunosorbent assay (ELISA). The analyses were carried out
according to the manufacturer’s recommendations, and as described in
detail for VEGF elsewhere.27 Serum and whole-blood VEGF was measured
on anti–human VEGF–coated microwells, and horseradish peroxidase
(HRP)–conjugated anti-VEGF antibody (Ab) was used as the secondary Ab
(R&D Systems, Minneapolis, MN). The assay detects the VEGF isoforms
VEGF121 and VEGF165. The ELISA protocol used to measure serum KIT
(Nichirei Corporation, Tokyo, Japan) detects both normal and mutated
serum KIT.29 The assay uses mouse anti-human KIT Ab–coated microwells,
and alkaline phosphatase–conjugated anti-KIT Ab as the secondary Ab. The
results were read as AU/mL, where one unit equals to 1.4 ng/mL circulating
KIT. SCF levels were measured with an ELISA that uses mouse anti-human
SCF Ab–coated microwells as the capturing antibody, and an HRP-
conjugated Ab against recombinant human SCF as the secondary Ab (R&D
Systems). According to the manufacturer, addition of KIT protein to the
sample does not cause any significant crossreactivity or interference with
the SCF analysis.

Serum analyses were done blinded to the clinical data. Intraassay
variability was assessed by analyzing 2 replicates of 15 serum samples, and
the interassay variation by assaying 15 samples twice in 2 separate assays.

Table 1. Pretreatment serum KIT, SCF, and VEGF concentrations
of GIST patients and controls

Patients with GISTs,
median (range)*

Controls,
median (range)† P‡

KIT, AU/mL 292 (130-875) 238 (90-514) .037

SCF, pg/mL 645 (290-1600) 950 (565-1600) � .0001

VEGF, pg/mL 303 (24-2400) 190 (10-775) .013

*N � 66.
†N � 40.
‡P value determined by Mann-Whitney test.
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Both interassay and intraassay variability were less than 10%. The effect of
sample freezing on serum KIT and SCF levels was investigated by
measuring serum KIT and SCF concentration before and after a freeze-thaw
cycle in samples taken from 6 cancer patients and 6 controls, but no
significant difference was found in the serum levels when measured before
and after freezing the samples (data not shown). Freezing and thawing of
serum samples does not influence serum VEGF concentrations.30

Statistical analysis

The statistical analyses were performed using StatView version 5.0 (SAS
Institute, Cary, NC). Serum concentrations of SCF, KIT, and VEGF
between 2 groups were compared using the Mann-Whitney test. The
Spearman rank correlation coefficient was computed to study the associa-
tion between serum and lysed whole-blood VEGF concentrations. Changes
in SCF, KIT, and VEGF levels over time were compared using repeated
measures analysis of variance (ANOVA). All P values are 2-sided.

Results

Association between serum and lysed whole-blood
VEGF levels

Because we and others have found that most VEGF in the blood
circulation is carried within platelets and the white blood cells,
handling of the blood samples might influence the serum VEGF
levels.27,31 To investigate this, we first compared serum and lysed
whole-blood sample VEGF levels taken from the same individuals
at the same time (n � 32). The median pretreatment VEGF
concentration in these sera was 310 pg/mL (range, 24-2400
pg/mL), and in the corresponding whole-blood samples it was 810
pg/mL (range, 234-3150 pg/mL, P � .0001). High pretreatment

serum VEGF levels were associated with high whole-blood VEGF
concentrations, suggesting that serum VEGF can be used as a
reasonable surrogate marker for the whole-blood VEGF content
(Spearman rank correlation coefficient 0.66, P � �.0001). Simi-
larly, high serum VEGF levels were associated with high lysed
whole-blood VEGF levels when measured from samples taken
during imatinib therapy (correlation coefficient 0.56; P � .0027).

Serum KIT, SCF, and VEGF concentrations in patients
with GISTs and controls

The pretreatment serum KIT concentrations were higher in patients
with GISTs than in the healthy controls (median, 292 AU/mL [409
ng/mL] vs 238 AU/mL [333 ng/mL]; P � .037; Table 1). This
median value of the controls is close to the one given by the
manufacturer of the ELISA kit for healthy individuals (188
AU/mL � 57 AU/mL), and similar to the values found by Kawa-
kita et al.29 No significant associations were found between patient
age at the time of sampling, gender, and the pretreatment levels of
serum KIT, SCF, VEGF, or whole-blood VEGF (P � .10 for all
analyses). Serum VEGF levels were generally higher in patients
with GISTs than in the control subjects (median, 303 pg/mL vs 190
pg/mL; P � .013), whereas the pretreatment serum SCF concentra-
tions were lower in patients with GISTs than in the controls (645
pg/mL vs 950 pg/mL, respectively; P � .0001; Table 1; Figure 1).

Effect of imatinib treatment on serum KIT, SCF,
and VEGF concentrations

Treatment with imatinib mesylate resulted in a marked reduction in
the levels of circulating KIT, whereas the SCF concentrations
increased during therapy as compared with the pretreatment levels.
The serum KIT levels decreased and the SCF levels increased
regardless of the response to treatment (P � .0012 and .0001,
respectively; Table 2; Figure 2). Patients treated with either 400 mg
or 600 mg imatinib mesylate had similar serum SCF and VEGF
levels during treatment (P � .31 and .65, respectively), but patients
treated with 600 mg imatinib tended to have a larger decrease in
serum KIT concentrations with time than those treated with 400 mg
(P � .078). Before treatment, we found no significant association
between the KIT and SCF levels in the sera of patients with GISTs
(r � .069; P � .84) or in the sera of the controls (P � .34), whereas
in samples taken during imatinib therapy high serum SCF levels

Figure 1. A box plot of serum VEGF (pg/mL), SCF (pg/mL), and soluble KIT
levels (AU/mL) in 66 patients with GISTs and 40 controls. The horizontal lines
indicate the 10th, 25th, 50th (median), 75th, and 90th percentiles of the variables, and
values above the 90th and below the 10th percentiles are plotted as closed circles.

Table 2. Average change in soluble KIT, SCF, and VEGF in patients with GISTs treated with imatinib mesylate

Factor Pretreatment

1 month
on

therapy*
Average

change, %
6 months

on therapy†
Average

change, %

P (change
from

pretreatment
level)‡

P (responders vs
nonresponders)‡

KIT 292 AU/mL 204 AU/mL �31 132 AU/mL �52 .0012 —

Responders 298 AU/mL 202 AU/mL �35 140 AU/mL �52 — .28

Nonresponders 258 AU/mL 204 AU/mL �17 113 AU/mL �62 — —

SCF 645 pg/mL 770 pg/mL 11 875 pg/mL 33 .0001 —

Responders 660 pg/mL 740 pg/mL 9 880 pg/mL 33 — .18

Nonresponders 620 pg/mL 780 pg/mL 20 880 pg/mL 23 — —

VEGF 295 pg/mL 180 pg/mL �42 205 pg/mL �31 .14 —

Responders 320 pg/mL 180 pg/mL �45 220 pg/mL �34 — .22

Nonresponders 160 pg/mL 145 pg/mL 0 185 pg/mL �9 — —

For each group (KIT, SCF, VEGF), study populations are as follows: responders, n � 57; and nonresponders, n � 9. The “baseline” and “on therapy” data are given as the
medians observed; the average change is the median percentage of the change from the baseline value. — indicates not applicable.

*N � 66.
†N � 45.
‡Repeated measures ANOVA test.
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were associated with low soluble KIT levels (r � �.34; P � .0001;
Figure 3).

The pretreatment serum KIT levels were slightly higher in
responding patients than in those who did not respond to imatinib
treatment (298 AU/mL vs 258 AU/mL, respectively; P � .087).
Patients who responded to imatinib had higher pretreatment serum
VEGF levels than those who did not respond (median, 320 pg/mL
vs 160 pg/mL; P � .035; Figure 4), and the median serum VEGF
levels tended to decrease during imatinib therapy in patients who
responded to imatinib therapy, who had declining values during the
first month of therapy (Figure 2). However, no significant differ-
ence in serum VEGF levels was found between the responding and
nonresponding patients in a repeated measures analysis of variance
(P � .14, Table 2).

Effects of long-term imatinib administration on serum KIT,
SCF, and VEGF levels

Longitudinally taken serum samples beyond the first 6 months of
treatment were available from one study center (Helsinki; n � 13).
Serum KIT concentrations decreased more than 60% from the
baseline level in all 13 patients during the first year of treatment and
remained low during the subsequent 6 months of therapy (Figure
5). In contrast, serum SCF levels increased with time, most patients
showing a 25% to 250% increase after 15 months of treatment.
Serum VEGF levels behaved in a more heterogeneous manner, 3 of
the 13 patients had increasing and the rest decreasing levels during
the first months of therapy. Interestingly, 2 of the 3 patients who
progressed during the first 12 months of treatment had markedly
rising VEGF levels during the first 12 months, and 1 of them had
markedly increasing serum SCF levels (Figure 5). The serum KIT
levels of the 3 patients who had documented disease progression
during the first 12 months of imatinib therapy decreased about 70%
during this time period, suggesting that serum KIT levels alone
cannot be used for monitoring of response to imatinib therapy in
patients with GIST.

Effect of imatinib treatment on the ratio of SCF to soluble KIT

Since one of the functions of the soluble KIT may be to regulate
exposure of cells to unbound SCF, we calculated the ratios of SCF

to soluble KIT in patients with GISTs treated with imatinib. The
mean ratio increased 7.7-fold during the first 12 months of
treatment, and was 13.6-fold higher than the baseline ratio in the
few patients followed for 18 months or longer (Table 3). When the
ratio of SCF to soluble KIT was analyzed from all 66 study patients
using the 1- and 6-month follow-up data available, 59 (89%) of the
patients had an increasing level (ratio � 1.0). No association was
found between response to treatment and the size of the ratio of
SCF to soluble KIT (P � .60).

Discussion

We found serum-soluble KIT levels to decrease markedly during
imatinib therapy regardless of whether patients with GISTs with
advanced disease responded to treatment or not, whereas serum
SCF levels increased in the great majority of patients. In general,
the proportional increase in the serum SCF levels was greater the
longer the patients had been treated with imatinib. This resulted in
highly elevated ratios of SCF to soluble KIT in patients who were
treated with imatinib for several months for GISTs. High serum
SCF/KIT ratios may be important, since soluble KIT binds SCF
and may regulate the concentrations of unbound SCF in the blood
circulation.14 Interestingly, increasing soluble VEGF levels were
recently measured in patients with colon cancer treated with an
antiangiogenic tyrosine kinase inhibitor SU11248, also suggesting
that tyrosine receptor–targeted anticancer therapy may lead to
gradual increase of the soluble ligand level.32

Little is known about the clinical significance of imatinib
therapy–associated changes in serum KIT and SCF levels. Serum
KIT has been suggested to originate from proteolytic cleavage of
the extracellular domain of KIT on KIT-expressing cells.13 Cells
that normally express KIT include mast cells, melanocytes, gastro-
intestinal tract pacemaker cells (Cajal cells), Leydig cells, spermato-
gonia, spermatids, hematopoietic stem cells, cutaneous basal cells,
and breast epithelial cells.7,13,33,34 Patients with chronic myeloid
leukemia (CML) often have elevated concentrations of circulating
KIT in the serum,29 and a proportion of soluble KIT in patients with
GISTs might originate from tumor cells. This hypothesis is
supported by the presence of slightly higher serum KIT levels in

Figure 2. Serum KIT, SCF, and VEGF levels shown according to response to imatinib. Patients who had stable disease are included in the category of responding
patients. The best response achieved was recorded. (A) KIT. (B) SCF. (C) VEGF. Mean values � SE are shown.

Figure 3. Association between serum KIT and SCF levels.
(A) Samples taken within 1 week of starting imatinib therapy (BL indicates
baseline; Spearman rank correlation coefficient .069; P � .84). (B) Samples
taken during imatinib therapy (correlation coefficient �.34; P � �.0001).
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patients with GISTs than in healthy controls (Table 1), and the
declining serum KIT levels during imatinib treatment might thus in
part reflect a decrease in the GIST tumor volume. However, we
found no significant difference in the decline of serum KIT levels
between responding and nonresponding patients, and no increase in
the serum KIT levels was found in the few patients who progressed
during therapy. We have also monitored serum KIT levels in 3
patients treated with imatinib for metastatic KIT-immunopositive
melanoma. All melanoma patients had declining serum KIT levels,
although all of them progressed clinically during treatment with
imatinib (P.B. and H.J., unpublished data, 2002). These findings
suggest that declining serum KIT levels during imatinib therapy
may reflect inhibition of the overall KIT receptor tyrosine kinase
turnover in the normal tissues rather than tumor response, and that
soluble KIT levels cannot be used as a reliable predictor for
imatinib response in patients with GISTs.

Both KIT and SCF function are essential in the early phases of
hematopoiesis and erythropoiesis. Mutations in either the Sl (steel
factor) locus, which encodes for SCF, or in the W locus, which
encodes for KIT, provide information about the functions of this
ligand-receptor pair in vivo.14 Mice that lack either SCF or KIT are
nonviable and die in utero or during the perinatal period with
severe macrocytic anemia.35 The principal effect of KIT on
erythropoiesis appears to be quantitative, since red blood cells are
formed in the absence of KIT, but are fewer in number.36 The
present finding that serum SCF levels increase during imatinib
treatment in virtually all patients with GISTs regardless of treat-
ment response might be a consequence of a compensatory body
response to preserve KIT signaling in the bone marrow and other
tissues in order to maintain the normal body functions including
blood cell production.

The persistent rise in the unbound serum SCF levels with
prolonged treatment is of particular interest, since upon binding to
the extracellular domain of the KIT receptor SCF causes dimeriza-
tion and activation of the receptor, and may enhance signaling of
both wild-type and mutated receptors. KIT (CD117)–expressing
cells may still be found in core needle biopsies taken from GIST
lesions of patients who respond to imatinib, and such tumor cells
may represent imatinib-resistant and/or dormant tumor cells that
have failed to undergo apoptosis in spite of otherwise successful
imatinib treatment.37 Hypothetically, the gradually increasing lev-
els of serum SCF during prolonged imatinib therapy might enhance
survival of such dormant tumor cells. Rising serum SCF levels,
coupled with genetic instability of the GIST cells, may favor
selection and give a growth advantage to imatinib-resistant cells in
vivo, and ultimately lead to treatment failure. Hence, rising
unbound serum SCF levels during imatinib treatment might

contribute to development of acquired resistance to imatinib in the
treatment of patients with GISTs.

The mechanisms that are responsible for imatinib resistance
in GISTs are likely to be heterogeneous. New mutations,
sometimes affecting the binding site of imatinib, have now been
described both in patients with CML and those with GISTs who
have developed acquired resistance to imatinib, and the target
gene amplifications may also occur in cancers resistant to
imatinib.38 In a few imatinib-resistant GISTs, a receptor tyrosine
kinase other than KIT has been found to be activated accompa-
nied by a loss of the KIT oncoprotein expression. However, in
many GISTs with acquired resistance to imatinib no specific
molecular genetic mechanism for imatinib resistance could be
identified, and either KIT or PDGFRA tyrosine kinase receptor
remain constitutively activated.39

SCF levels were lower and serum VEGF levels higher in
patients with GISTs prior to initiating imatinib therapy than in the
controls. Low SCF levels might be explained by sequestration of
soluble SCF from the blood to the tumor tissue in patients with
GISTs. The relatively high VEGF levels measured in untreated

Figure 5. Serum levels of VEGF, KIT, and SCF in 13 patients with GISTs with
longitudinally taken serum samples available at least for 12 months. Patients
with early progressive disease are shown with a bold black line (n � 5), and the rest of the
patients are shown with thin lines. (A) VEGF, (B) KIT, (C) SCF.

Figure 4. Pretreatment serum VEGF levels in 66 patients with GISTs according
to response to imatinib therapy.
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patients with GISTs might be explained by production of VEGF in
tumors as has been described for a few other types of human
cancer.40 Serum VEGF levels change in parallel with treatment
outcome in certain types of human cancer,24-26 and have recently
been found to provide an indirect estimate of tumor VEGF
expression despite that much of the blood VEGF is carried in
platelets.41 We measured decreasing serum levels in patients who
responded to imatinib, but this was not a significant finding in a
multivariate repeated measures ANOVA model.

We conclude that the serum concentrations of the SCF increase
and the KIT levels decrease during imatinib treatment of patients
with GISTs, resulting in high SCF/KIT ratios with prolonged
treatment. Much of the soluble KIT is likely to originate from the
normal tissues, and the decrease in serum KIT may rather reflect
decreased KIT turnover than tumor volume shrinkage. The reasons

for SCF elevation remain hypothetical, but SCF elevation might
result from a compensatory mechanism to maintain hematopoiesis
and other KIT-related body functions. Prolonged imatinib treat-
ment results in high ratios of SCF to soluble KIT. The clinical
significance of these are not known, but high SCF/KIT ratios may
increase the potential for SCF-induced cell signaling particularly at
the time when imatinib treatment is withdrawn, or when stimula-
tion of GISTs with wild-type KIT receptors occurs.

Acknowledgments

The authors thank Onerva Levälampi for technical assistance and
Henrik Alfthan (Department of Clinical Chemistry, Helsinki Uni-
versity Central Hospital, Finland) for the control sera.

References

1. Capdeville R, Buchdunger E, Zimmermann J,
Matter A. Glivec (STI571, imatinib), a rationally
developed, targeted anticancer drug. Nat Rev
Drug Discov. 2002;1:493-502.

2. Druker BJ, Talpaz M, Resta DJ, et al. Efficacy and
safety of a specific inhibitor of the BCR-ABL ty-
rosine kinase in chronic myeloid leukemia. N Engl
J Med. 2001;344:1031-1037.

3. Apperley JF, Gardembas M, Melo JV, et al. Re-
sponse to imatinib mesylate in patients with
chronic myeloproliferative diseases with rear-
rangements of the platelet-derived growth factor
receptor beta. N Engl J Med. 2002;347:481-487.

4. Cools J, DeAngelo DJ, Gotlib J, et al. A tyrosine
kinase created by fusion of the PDGFRA and
FIP1L1 genes as a therapeutic target of imatinib
in idiopathic hypereosinophilic syndrome. N Engl
J Med. 2003;348:1201-1214.

5. Rubin BP, Schuetze SM, Eary JF, et al. Molecular
targeting of platelet-derived growth factor B by
imatinib mesylate in a patient with metastatic der-
matofibrosarcoma protuberans. J Clin Oncol.
2002;20:3586-3591.

6. Mace J, Sybil Biermann J, Sondak V, et al. Re-
sponse of extraabdominal desmoid tumors to
therapy with imatinib mesylate. Cancer. 2002;95:
2373-2379.

7. Demetri GD, von Mehren M, Blanke CD, et al.
Efficacy and safety of imatinib mesylate in ad-

vanced gastrointestinal stromal tumors. N Engl
J Med. 2002;347:472-480.

8. Kindblom LG, Remotti HE, Aldenborg F, Meis-
Kindblom JM. Gastrointestinal pacemaker cell
tumor (GIPACT): gastrointestinal stromal tumors
show phenotypic characteristics of the interstitial
cells of Cajal. Am J Pathol. 1998;152:1259-1269.

9. Hirota S, Isozaki K, Moriyama Y, et al. Gain-of-
function mutations of c-kit in human gastrointesti-
nal stromal tumors. Science. 1998;279:577-580.

10. Sarlomo-Rikala M, Kovatich AJ, Barusevicius A,
Miettinen M. CD117: a sensitive marker for gas-
trointestinal stromal tumors that is more specific
than CD34. Mod Pathol. 1998;11:728-734.

11. Lux ML, Rubin BP, Biase TL, et al. KIT extracellu-
lar and kinase domain mutations in gastrointesti-
nal stromal tumors. Am J Pathol. 2000;156:791-
795.

12. van Oosterom AT, Judson I, Verweij J, et al.
Safety and efficacy of imatinib (STI571) in meta-
static gastrointestinal stromal tumours: a phase I
study. Lancet. 2001;358:1421-1423.

13. Broudy VC. Stem cell factor and hematopoiesis.
Blood. 1997;90:1345-1364.

14. Dahlen DD, Lin NL, Liu YC, Broudy VC. Soluble
Kit receptor blocks stem cell factor bioactivity in
vitro. Leuk Res. 2001;25:413-421.

15. Wypych J, Bennett LG, Schwartz MG, et al.

Soluble kit receptor in human serum. Blood.
1995;85:66-73.

16. Ishiga K, Kawatani T, Tajima F, Omura H, Nanba
E, Kawasaki H. Serum-soluble c-kit levels during
mobilization of peripheral blood stem cells corre-
late with stem cell yield. Int J Hematol. 2000;72:
186-193.

17. Tajima F, Kawatani T, Ishiga K, Nanba E, Ka-
wasaki H. Serum soluble c-kit receptor and ex-
pression of c-kit protein and mRNA in acute my-
eloid leukemia. Eur J Haematol. 1998;60:289-
296.

18. Kitoh T, Ishikawa H, Sawada S, et al. Significance
of stem cell factor and soluble KIT in patients with
systemic lupus erythematosus. Clin Rheumatol.
1998;17:293-300.

19. Yamamoto T, Katayama I, Nishioka K. Possible
contribution of stem cell factor in psoriasis vul-
garis. J Dermatol Sci. 2000;24:171-176.

20. Hsu HC, Tsai WH, Jiang ML, et al. Circulating lev-
els of thrombopoietic and inflammatory cytokines
in patients with clonal and reactive thrombocyto-
sis. J Lab Clin Med. 1999;134:392-397.

21. Nimer SD, Leung DH, Wolin MJ, Golde DW. Se-
rum stem cell factor levels in patients with aplas-
tic anemia. Int J Hematol. 1994;60:185-189.

22. Bowen D, Yancik S, Bennett L, Culligan D,
Resser K. Serum stem cell factor concentration in

Table 3. Ratios of serum stem cell factor to serum KIT in GIST patients treated with imatinib

Ratio of serum stem cell factor (SCF) to KIT during treatment

Follow-upPretreatment 1 mo 5 mo 12 mo 15 mo 18 mo

Patients with 12-month

ratio available

1 1.0 2.2 9.4 259.0 318.0 341.0 PR 31 mo

2 1.0 4.1 25.8 33.4 39.2 20.5 PR 30 mo

3 1.0 2.1 2.5 4.8 7.0 4.4 PR 30 mo

4 1.0 1.8 8.0 10.9 NA1 NA PR 24 mo

5 1.0 1.8 4.5 11.2 5.0 NA PR 23 mo

6 1.0 1.3 1.7 5.3 6.2 NA PR 23 mo

7 1.0 1.4 3.2 7.7 8.3 NA PR 22 mo

8 1.0 1.8 5.5 12.0 6.6 NA PR3 PD 25 mo

9 1.0 1.3 4.0 6.2 6.5 6.6 PR3 PD 17 mo

10 1.0 3.1 6.4 4.3 5.2 5.1 SD3 PD 15 mo

11 1.0 1.2 11.5 16.9 22.1 26.3 PR3 PD 11 mo

12 1.0 1.3 2.3 3.1 NA NA PR3 PD 6 mo

13 1.0 2.2 4.1 6.9 NA NA PD 12 mo

Median 1.0 1.8 4.5 7.7 6.8 13.6 —

Median for all other

patients; N � 53 1.0 1.8 2.7 NA NA NA —

NA indicates not available; —, not applicable; PR, partial response; PD, progressive disease; and SD, stable disease.

2934 BONO et al BLOOD, 15 APRIL 2004 � VOLUME 103, NUMBER 8



patients with myelodysplastic syndromes. Br J
Haematol. 1993;85:63-66.

23. Kihira C, Mizutani H, Asahi K, Hamanaka H,
Shimizu M. Increased cutaneous immunoreactive
stem cell factor expression and serum stem cell
factor level in systemic scleroderma. J Dermatol
Sci. 1998;20:72-78.

24. Dirix LY, Vermeulen PB, Pawinski A, et al. El-
evated levels of the angiogenic cytokines basic
fibroblast growth factor and vascular endothelial
growth factor in sera of cancer patients. Br J Can-
cer. 1997;76:238-243.

25. Sato K, Tsuchiya N, Sasaki R, et al. Increased
serum levels of vascular endothelial growth factor
in patients with renal cell carcinoma. Jpn J Can-
cer Res. 1999;90:874-879.

26. Eisen TG. Thalidomide in solid tumors: the Lon-
don experience. Oncology (Huntingt). 2000;14:
17-20.

27. Salven P, Orpana A, Joensuu H. Leukocytes and
platelets of patients with cancer contain high lev-
els of vascular endothelial growth factor. Clin
Cancer Res. 1999;5:487-491.

28. Maattanen L, Auvinen A, Stenman UH, et al.
Three-year results of the Finnish prostate cancer
screening trial. J Natl Cancer Inst. 2001;93:552-
553.

29. Kawakita M, Yonemura Y, Miyake H, et al. Soluble
c-kit molecule in serum from healthy individuals

and patients with haemopoietic disorders. Br J
Haematol. 1995;91:23-29.

30. Salven P, Teerenhovi L, Joensuu H. A high pre-
treatment serum vascular endothelial growth fac-
tor concentration is associated with poor outcome
in non-Hodgkin’s lymphoma. Blood. 1997;90:
3167-3172.

31. Spence GM, Graham AN, Mulholland K, et al.
Vascular endothelial growth factor levels in serum
and plasma following esophageal cancer resec-
tion: relationship to platelet count. Int J Biol Mark-
ers. 2002;17:119-124.

32. Raymond E, Faivre S, Vera K, et al. Final results
of a phase I and pharmacokinetic study of
SU11248, a novel multitarget tyrosine kinase in-
hibitor in patients with advanced cancers [ab-
stract]. Proc Am Soc Clin Oncol. 2003;22:769.

33. Tsuura Y, Hiraki H, Watanabe K, et al. Preferential
localization of c-kit product in tissue mast cells,
basal cells of skin, epithelial cells of breast, small
cell lung carcinoma and seminoma/dysgermi-
noma in human: immunohistochemical study on
formalin-fixed, paraffin-embedded tissues. Vir-
chows Arch. 1994;424:135-141.

34. Arber DA, Tamayo R, Weiss LM. Paraffin section
detection of the c-kit gene product (CD117) in hu-
man tissues: value in the diagnosis of mast cell
disorders. Hum Pathol. 1998;29:498-504.

35. Niwa Y, Kasugai T, Ohno K, et al. Anemia and
mast cell depletion in mutant rats that are ho-

mozygous at “white spotting (Ws)” locus. Blood.
1991;78:1936-1941.

36. Besmer P. The kit ligand encoded at the murine
Steel locus: a pleiotropic growth and differentia-
tion factor. Curr Opin Cell Biol. 1991;3:939-946.

37. Joensuu H, Roberts PJ, Sarlomo-Rikala M, et al.
Effect of the tyrosine kinase inhibitor STI571 in a
patient with a metastatic gastrointestinal stromal
tumor. N Engl J Med. 2001;344:1052-1056.

38. Gorre ME, Mohammed M, Ellwood K, et al. Clini-
cal resistance to STI-571 cancer therapy caused
by BCR-ABL gene mutation or amplification. Sci-
ence. 2001;293:876-880.

39. Fletcher J, Corless C, Dimitrijevic S, et al. Mecha-
nisms of resistance to imatinib mesylate in ad-
vanced gastrointestinal stromal tumor (GIST) [ab-
stract]. Proc Am Soc Clin Oncol. 2003;22:3275.

40. Poon RT, Fan ST, Wong J. Clinical implications of
circulating angiogenic factors in cancer patients.
J Clin Oncol. 2001;19:1207-1225.

41. Poon RT, Lau CP, Cheung ST, Yu WC, Fan ST.
Quantitative correlation of serum levels and tu-
mor expression of vascular endothelial growth
factor in patients with hepatocellular carcinoma.
Cancer Res. 2003;63:3121-3126.

42. Heinrich MC, Corless CL, Demetri GD. Kinase
mutations and imatinib response in patients with
metastatic gastrointestinal stromal tumor. J Clin
Oncol. 2003;21:4342-4349.

SERUM KIT AND KIT LIGAND DURING IMATINIB TREATMENT 2935BLOOD, 15 APRIL 2004 � VOLUME 103, NUMBER 8


