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The Lack of CD34 Expression in Gastrointestinal Stromal Tumors is
Related to Cystic Degeneration Following Imatinib Use
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Objective: We evaluated the characteristics of the gastrointestinal stromal tumors that
showed discrepancies between their assessment using the Response Evaluation Criteria in
Solid Tumor (RECIST) and Choi’s criteria. We also investigated the clinical applicability of
Choi’s criteria to Korean gastrointestinal stromal tumor patients undergoing imatinib therapy.
Methods: Patients with advanced gastrointestinal stromal tumors treated with frontline imati-
nib were analyzed. Computed tomography images of these patients were reviewed and geno-
typing for the KIT and PDGFRA genes was performed. Immunohistochemical staining of
c-KIT, CD34, platelet derived growth factor receptor-alpha, platelet derived growth factor
receptor-beta, AKT, P-ERK and vascular endothelial growth factor was followed.

Results: Ninety-five patients were enrolled. When using Choi’s criteria to evaluate the 61
patients who achieved at least partial response by Choi’s criteria, 27 patients showed discrep-
ancies in their response to treatment between these two sets of criteria. A lack of CD34 ex-
pression in tumors was found to be related to cystic degeneration after imatinib treatment
(P =0.001). Patients who showed partial response by Choi’s criteria but stable disease by
RECIST criteria had a similar progression-free survival to cases who showed a partial
response under both systems (P = 0.951).

Conclusions: Gastrointestinal stromal tumors showing cystic degeneration after imatinib
treatment lack CD34 expression. Choi’s criteria have a clinical value in terms of the progression-
free survival in Korean patients treated with imatinib.
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INTRODUCTION

improves the survival outcomes for patients with metastatic

Gastrointestinal stromal tumors (GISTs) are the most
common neoplasms of mesenchymal origin that arise in the
gastrointestinal tract, which is highly resistant to convention-
al chemotherapy (1). Imatinib (Glivec®; Novartis, Basel,
Switzerland) is the current treatment of choice for advanced
GISTs (2), and the introduction of imatinib dramatically

GIST.

Recently, radiologic response patterns to imatinib have
become an important consideration for clinicians treating
GIST patients with this drug. Choi et al. (3) have shown that
cystic changes, regardless of size reduction, correlate with
the positron emission tomography results in patients treated
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with imatinib. This finding led to the development of new re-
sponse evaluation criteria for GIST patients treated with ima-
tinib (4), and this is now reflected in the current clinical
practice guidelines (5). However, there have been few
studies to date on this issue and the long-term clinical impli-
cations of Choi’s criteria are not yet known.

On the other hand, almost nothing is currently known
about the biology of tumors that show preferential cystic
changes following imatinib treatment. In fact, preferential
cystic changes are related to discrepancies in the determined
response of GIST patients to imatinib using Response
Evaluation Criteria in Solid Tumors (RECIST) (6) and
Choi’s criteria. Two examples of discrepancies are (i)
tumors that show initial cystic changes without a decrease
in size [partial response (PR) by Choi’s criteria but stable
disease (SD) by RECIST], and a size reduction thereafter
(i.e. they subsequently achieve PR by RECIST), and (ii)
tumors showing only cystic changes without a decrease in
size (PR by Choi’s criteria, but SD by RECIST). Hence,
pathologically, it is believed that tumors showing discrepan-
cies between RECIST and Choi’s response outcomes are
undergoing preferential cystic degeneration as a result of
imatinib treatment. Thus far, however, no single study has
evaluated the characteristics of GISTs that undergo prefer-
ential cystic degeneration. However, considering the fact
that a large proportion of GISTs show cystic or myxoid de-
generation with imatinib treatment (7,8) and that nodules
within a mass pattern (9), re-growth and imatinib resistance
are observed in tumors showing cystic changes (10), it is
worthwhile to evaluate GISTs showing preferential cystic
degeneration to further understand the biology of these
tumors.

We speculated that by analyzing tumor characteristics
according to whether they show discrepancies in their re-
sponse classification between RECIST and Choi’s criteria
following imatinib treatment, we would be able to discern
characteristics of these lesions that could be attributed to
preferential cystic change. Hence, we studied a cohort of
Korean GIST patients who had undergone frontline imatinib
therapy at our institution. We re-evaluated the tumor
responses according to both RECIST (6) and a modified
version of Choi’s criteria (3), and then analyzed the biology
of the tumors showing cystic changes. The tumor character-
istics we evaluated included immunohistochemical (IHC)
markers (c-KIT, CD34, desmin, SMA, S-100 and vimentin)
used in the differential diagnosis of GIST and genotyping.
We additionally performed IHC analysis of the factors
involved in the imatinib treatment pathway, platelet-derived
growth factor receptor-alpha (PDGFR-a), PDGFR-beta
(PDGFR-B), AKT, P-ERK and vascular endothelial growth
factor (VEGF), to determine whether their expression is
related to cystic degeneration. Considering the fact that
radiologic cystic change of a tumor is necrosis or hyaline de-
generation pathologically, we especially focused on CD34
and VEGF among the aforementioned molecules, which are
known to be differentially expressed in a tumor.

Jpn J Clin Oncol 2012;42(11) 1021

PATIENTS AND METHODS
STuDY PATIENTS AND RADIOLOGIC RESPONSE EVALUATION

Our study cohort comprised adult patients (>18) who
received imatinib as a frontline systemic therapy for meta-
static or recurrent GIST at our centers (Seoul National
University Hospital and Seoul National University Bundang
Hospital) between January 2003 and December 2008. We
chose only those patients for whom paraffin-embedded
tumor tissue prior to imatinib treatment was available for
analysis. Patient demographics, primary tumor locations,
progression-free survival (PFS) of imatinib and overall sur-
vival (OS) data were obtained from medical records.
Imatinib had been administered orally at a dose of 400 mg/
day. This dose was reduced (to 300 mg/day and then to
200 mg/day) by the treating clinicians if adverse events
occurred, depending on their type and severity.

Responses were classified as a complete response, PR, SD
or progressive disease according to RECIST version 1.0 (6).
We also classified the responses according to a modified
version of Choi’s criteria (3). Radiologic evaluations were
performed by a trained radiologist (S.H.K.) in a blind
fashion. Patients who showed discrepancies in their response
characteristics between the RECIST and Choi evaluations
were subsequently analyzed.

PFS was defined as a period from the initiation of
chemotherapy to the documentation of disease progression
based on RECIST (6). OS was calculated from the initiation
of imatinib to death from any cause. Our study protocol
was reviewed and approved by the institutional review
board of Seoul National University (H0908-020-289). The
recommendations of the Declaration of Helsinki for bio-
medical research involving human subjects were also
followed.

TiSSUE MICROARRAY CONSTRUCTION

Slides of tumor samples stained with hematoxylin and eosin
were independently reviewed by two pathologists (H.E.L.
and W.-H.K.) and representative areas were marked.
Duplicate core tissue biopsy specimens (2 mm in diameter)
were obtained from individual paraffin-embedded samples
(donor blocks) and arranged in a new recipient paraffin
block (tissue array block) using a trephine apparatus
(SuperBioChips, Seoul, Korea). Each tissue array block con-
tained up to 59 specimens, which allowed all 95 cases
(triplet specimens of 285) to be contained in five array
blocks. Serial sections from formalin-fixed paraffin blocks
were used for THC.

GENOTYPING

Polymerase chain reaction amplification of genomic DNA
for KIT and PDGFRA was performed and the amplification
was analyzed for mutations as described previously (11).
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IHC StaminG For c-KIT, CD34, PDGFR-a, PDGFR-[3,
AKT, P-ERK ano VEGF

¢-KIT and CD34 IHC was performed at the time of diagno-
sis of GIST for differential diagnosis. Hence, for ¢-KIT and
CD34 IHC, whole block tissue but not TMA was used. For
PDGFR-a, PDGFR-B, AKT, P-ERK and VEGF, IHC was
performed additionally after the diagnosis for research
purpose using TMA. IHC of these molecules was performed
as described previously (12—15). Paraffin sections (4 wm)
were evaluated according to standard protocols. Each paraf-
fin section was dewaxed, followed by antigen retrieval. The
antibodies and subsequent reaction steps used were in
accordance with the manufacturer’s instructions. Antigen
retrieval was performed using 0.0l M (pH 6.0) buffer
followed by microwaving for 15 min. Then slides were then
incubated with anti-c-KIT antibody (1:200, Dako, Glostrup,
Denmark), CD34 antibody (1:300, Immunotech, Brea,
CA, USA), PDGFR-a antibody (1:200, Dako), PDGFR-3
antibody (1:200, Dako), AKT antibody (1:100, Epitomics,
Burlingame, CA, USA), P-ERK antibody (1:300, Santa-Cruz,
Santa Cruz, CA, USA) and VEGF antibody (1:200,
Santa-Cruz). Antibody binding was detected by the
UltraVision LP Detection kit (Lab Vision Corporation,
Fremont, CA, USA). Mayer’s hematoxylin was used as the
counterstain. Various normal and cancer tissue microarray
blocks were included as positive and negative controls. Tumor
staining was assessed by two trained pathologists (H.E.L. and
W.-HK.) in a blind fashion. The staining intensity of
PDGFR-«a, PDGFR-B, AKT, P-ERK and VEGF was graded
on a scale of 0—2 using adjacent non-malignant cells as a
reference. The average expression intensity of these molecules
in triplet tissue blocks was calculated and used as a represen-
tative measure of the expression intensity. The median expres-
sion intensity was used as a dichotomizing cut-off value for
each molecule.

STATISTICAL ANALYSIS

The variables analyzed in this study included age, gender,
location of the primary tumor, site of metastasis, prior treat-
ment before imatinib, genotyping results, IHC results, the
radiologic response patterns to imatinib, PFS and OS.
Statistical analysis of 2 x 2 contingency tables of categorical
variables were performed using Pearson’s y” test or Fisher’s
exact test, as appropriate. The median durations of PFS and
OS were calculated using the Kaplan—Meier method and
comparisons between groups were made using log-rank tests.
The impact of continuous numeric variables on the clinical
outcomes was calculated using logistic regression and a Cox
regression model. Multivariate analyses were performed
using a Cox regression model for PFS and OS. Factors
with P values of <0.1 by univariate analysis were examined
using multivariate regression analysis. All statistical
tests were two-sided, with statistical significance defined as
P < 0.05. All analysis was performed using Statistical

Discrepancies between Choi’s criteria and RECIST in GISTs

Package for the Social Sciences for Windows Version 12.0
(IBM, Chicago, IL, USA).

RESULTS
PATIENT AND TUMOR CHARACTERISTICS

A total of 95 patients were enrolled in this study with a
median age of 59 years (range 24—86 years) and a
male-to-female ratio of 55:40. For patients who had recurrent
disease, the median disease-free survival was 20.4 months
(range 0.57—236.3 months). Six patients received adjuvant
cytotoxic chemotherapy before relapse. The positive rate for
c-KIT was 96.8%. These basic patient and tumor characteris-
tics are summarized in Table 1.

For THC results, CD34 expression was evaluable in 90
patients and the positive rate was 80.0%. The expression of
PDGFR-a, PDGFR-B, AKT, P-ERK and VEGF was assayed
in 86, 90, 90, 81 and 91 patients, respectively. The positive
expression rate of PDGFR-a, PDGFR-B, AKT, P-ERK and
VEGF was 30.2, 37.8, 50.0, 21.0 and 45.1%, respectively.
Representative examples of the corresponding IHC results
are shown in Fig. 1 and Supplementary data, Fig. S1.
Genotyping results were available for 83 patients. For 12
cases, these data were not available due to insufficient
amounts of DNA. Mutations in K/7 exon 11 were found in
58 patients (61.1%), KIT exon 9 in 7 patients (7.4%),
PDGFRA exon 12 in 1 patient (1.1%) and PDGFRA exon
18 in 2 patients (2.1%). Fifteen patients showed no mutation
in either KIT or PDGFRA and were thus classified as wild
type. Of the three patients lacking c¢-KIT expression, two
harbored a PDGFRA mutation and one showed a KIT exon
11 mutation.

For imatinib treatment, among the 95 patients in our
cohort who received imatinib, 76 did not experience a
greater than Grade 2 toxicity, thus allowing a 400 mg/day
dosage to be maintained. A dose reduction to 300 mg/day
was necessary for 15 patients and to 200 mg/day was
required for 4 patients. Among the four cases who received a
200 mg/day administration of imatinib, two patients experi-
enced a Grade 4 neutropenia and two a Grade 4 thrombo-
cytopenia while receiving the 300 mg/day dose.

RESPONSE TO IMATINIB TREATMENT

In terms of the response to imatinib, 71 patients had measur-
able disease and hence could be assessed for their response
to treatment. The overall response rate was 70.4% and the
disease control rate was 93% by RECIST (Table 2). A lack
of ¢c-KIT expression was found to be associated with a poor
response to imatinib (P = 0.023).

During the median follow-up of 53.1 months (range 2.7—
104.0 months), 42 patients showed progression on imatinib
with a median of 48.6 months. The expression of c-KIT was
a good predictive marker of a long PFS following imatinib
treatment (median PFS 45.4 vs. 3.0 months, P < 0.001).
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Table 1. Demographics and pathologic characteristics of 95 Korean
gastrointestinal stromal tumor (GIST) patients who received imatinib for
advanced or recurrent disease

Number of patients (%)

Age [median (range)] 59 (24—86)
Gender

Male 55 (57.9)

Female 40 (42.1)
Primary location

Stomach 37 (38.9)

Small bowel 38 (40.0)

Rectum 11 (11.6)

Omentum/mesentery 8 (8.4)

Esophagus 1(1.1)
Disease status

Initially metastatic 52 (54.7)

Recurrent 43 (45.3)
Liver metastasis®

Yes 60 (63.2)

No 35 (36.8)
c-KIT expression

Yes 92 (96.8)

No 3(3.2)
CD34 expression

Yes 76 (80.0)

No 14 (14.7)
Desmin expression

Yes 7(7.4)

No 68 (71.6)
SMA expression

Yes 22 (23.2)

No 58 (61.1)
S-100 expression

Yes 18 (18.9)

No 67 (70.5)

4At the time of the first imatinib administration.

When the genotype was considered, patients with K/T exon
11 mutations had a longer PFS than those without this muta-
tion (median PFS 89.1 vs. 34.3 months, P = 0.015). When
PDGFRA mutants were compared with KI/T exon 11
mutants, they had a significantly shorter PFS than the
KIT exon 11 mutants (median PFS 17.2 vs. 8§9.1 months,
P =0.045).

During the same follow-up period, however, 32 patients
died and the estimated median OS was calculated to be
71.5 months. We found that age had a marginally negative
prognostic impact in terms of OS (hazard ratio 1.032,

Jpn J Clin Oncol 2012;42(11) 1023

P = 0.052). The expression of ¢-KIT was shown to be a fa-
vorable prognostic factor in terms of OS (median OS 71.5
vs. 4.4 months, P < 0.001). The genotype was not found to
be a prognostic factor for OS.

REsPoNSE EvaLuaTIiONS USING CHOI’S CRITERIA

When responses were evaluated using Choi’s criteria, the
overall response rate and disease control rate assessed by
Choi’s criteria were 85.9 and 93%, respectively (Table 2).
When discrepancies between the findings using RECIST and
Choi’s criteria were considered, 27 patients (44.3%) showed
differing response outcomes among 61 subjects in our cohort
who achieved at least PR by Choi’s criteria. Eleven patients
showed an initial cystic change without a decrease in size
(PR by Choi’s criteria but SD by RECIST), but size reduc-
tion thereafter (i.e. subsequently achieved PR by RECIST):
Early response by Choi’s criteria. The other 16 patients
showed only cystic changes without a decrease in tumor size
(PR by Choi’s criteria but SD by RECIST criteria): Better
response by Choi’s criteria. Considering the fact that the ori-
ginal Choi’s criteria were devised to find patients who would
earn a long-term benefit from imatinib without an early re-
sponse to imatinib by RECIST, we not only deemed the
‘Better response by Choi’s’ group but also deemed the
‘Early response by Choi’s’ group as patients who show
discrepancies between RECIST and Choi’s criteria.
Representative examples of the GISTs that showed response
discrepancies between RECIST and Choi’s criteria are
depicted in Fig. 2.

CHARACTERISTICS OF GISTS SHOWING RESPONSE DISCREPANCIES
BETWEEN RECIST anD CHol’S CRITERIA EVALUATIONS

We evaluated the characteristics of the GISTs in patients
who had measurable disease and had achieved at least PR
following imatinib treatment when evaluated using Choi’s
criteria. A total of 61 patients fell into this category. As
mentioned above, 27 of these 66 patients (44.3%) showed
response discrepancies when evaluated using RECIST and
Choi’s criteria.

GISTs which showed discrepancies between their RECIST
and Choi’s criteria response evaluations were found to
express CD34 less frequently than patients who showed no
discrepancies (P = 0.001; Table 3). Characteristics of seven
patients who lacked CD34 expression are shown in Table 4.
The genotype and other routine IHC markers used for differ-
ential diagnosis (c-KIT, Desmin, SMA and S-100) were
found not to be associated with the response discrepancies.
In addition, none of the markers PDGFR-a, PDGFR-f3,
AKT, P-ERK or VEGF were found to be related to cystic
degeneration. These results are summarized in Table 3.
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Discrepancies between Choi’s criteria and RECIST in GISTs

Figure 1. Representative examples of ¢-KIT, CD34 and vascular endothelial growth factor (VEGF) immunostaining. Figures (A) through (F) show tumors
with the positive and negative expression of ¢c-KIT, CD34 and VEGF, respectively.

Table 2. Response evaluation by RECIST and Choi’s criteria

CR(n,%) PR %) SD(n,%)  PD (n %)
Imatinib response®
RECIST 5(7.0) 45(634)  16(22.5)  5(7.0)
Choi’s criteria 5 (7.0) 56 (78.9) 5(7.0) 5(7.0)

#Seventy-one of 95 patients had measurable disease.

LoNG-TERM CLINICAL IMpACT OF CHOI’S CRITERIA

Patients who showed PR by Choi’s criteria but SD by
RECIST (Better response by Choi’s criteria) had a similar
PFS to the patients who showed PR using both sets of cri-
teria (median PFS 49.0 vs. 37.0 months, P = 0.951; Fig. 3).
In addition, patients who showed early PR by Choi’s criteria
had a similar PFS to patients who did not show early PR by
Choi’s criteria (median PFS 39.0 vs. 37.0 months, P =
0.894; Fig. 3). The radiologic response pattern did not
affect OS.

DISCUSSION

In our present study, we analyzed the radiologic response
patterns of GISTs to imatinib treatment and reveal novel
findings. First of all, our data show that patients who showed
PR by Choi’s criteria but SD by RECIST (Better response
by Choi’s criteria) had a similar PFS to patients who showed
PR by RECIST criteria. This provides additional evidence
that Choi’s criteria have a long-term clinical value in asses-
sing the treatment of GIST patients with imatinib (4). In add-
ition, considering our observations of the distinct clinical
features of Korean GIST patients treated with imatinib, in-
cluding a relatively long PFS and good response rate, our
present data also confirm that Choi’s criteria are clinically
applicable to Asian GIST cohorts undergoing this therapy.
However, it should be noted that our results do not assert
that RECIST criteria are not applicable in Asian patients or
that they are inferior to Choi’s criteria in this regard. The
design of our study does not allow a direct comparison of
the two sets of criteria. Moreover, there is evidence that both
RECIST (11) and Choi’s criteria (3) are clinically valuable
in assessing the response of GISTs to treatment. The relative
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Figure 2. Representative computed tomography scans of gastrointestinal
stromal tumor (GIST) patients showing response discrepancies between
RECIST and Choi’s criteria. The tumor of a 41-year-old male (A) with an
initial cystic degeneration without significant size change is shown (B). At 3
months later, this same tumor had reduced to 39.4% of its original size (C).

strengths of the two sets of criteria will need to be addressed
in future studies with a proper design.

The highlight of our study is that we explored for the first
time the biologic properties of GISTs showing response dis-
crepancies when assessed by RECIST and Choi’s criteria.
As stated earlier, for this issue, we particularly focused on
two molecules CD34 and VEGF, which are known to be
related to the tumor vasculature (16—18). It is from the well-
known fact that cystic change of a tumor in radiologic
assessment is closely related to the myxoid degeneration,
hyalinization or necrosis of the tumor pathologically. And as
expected, whereas the genotypes of the tumors in our study
cohort did not correlate with their radiologic response
patterns, the lack of CD34 expression was found to be related
to a dominant cystic change in these lesions after imatinib
treatment. CD34 is a stem cell marker that represents high

Jpn J Clin Oncol 2012;42(11) 1025

Table 3. Characteristics of GISTs showing and not showing response
discrepancies when evaluated using RECIST and Choi’s criteria®

Discrepancies (+) Discrepancies (—) P value
(n=27) (n=234)

c-KIT expression
Positive 26 34 0.443
Negative 1 0

CD34 expression
Positive 17 33 0.001
Negative 7 0

Genotype
KIT exon 11 16 21 0.888
KIT exon 9 4 3
PDGFRA 1 2
Wild type 3 4

PDGFR® expression
Positive 12 11 0.472
Negative 14 19

P-ERK expression
Positive 2 7 0.160
Negative 22 22

AKT expression
Positive 10 15 0.452
Negative 16 16

VEGF expression
Positive 12 15 0.956
Negative 14 17

PDGER, platelet-derived growth factor receptor; VEGEF, vascular endothelial
growth factor.

“Evaluated in 61 patients who achieved at least PR by Choi’s criteria.
Expression of either PDGFR-a or PDGFR-B.

proliferation of tumor cells. In this sense, too, it is theoretic-
ally explained that tumors lacking CD34 expression exhibit
slow tumor shrinkage with cystic degeneration following
imatinib treatment. We postulate that because CD34 is a
stem cell marker, there is a chance that stem cell characteris-
tics represented by CD34 might play a key role in this
phenomenon.

On the other hand, we found that VEGF expression did
not correlate with cystic degeneration in GISTs. VEGF
expression has been shown previously to be related to
aggressive tumor behavior in these tumors (19,20); however,
it was not related to necrosis following imatinib treatment in
our study. Although we showed a phenotypic correlation
between CD34 and cystic change of GISTs following
imatinib treatment, the precise roles of CD34 and VEGF in
GISTs are not yet well understood and further studies will
be required to elucidate functions of these molecules.
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Table 4. Characteristics of seven patients” whose tumor lacked CD34 expression

Discrepancies between Choi’s criteria and RECIST in GISTs

ID Age Gender VEGF expression Mutation status Best response by RECIST Best response by Choi’s PFS (N

1 68.9 M 0 Exonl1 PR PR 39.03 43.03

2 61.4 F 0 Exon9 PR PR 22.73 30.23+
3 58.4 F 1 PDGFRA SD PR 17.2 49.57
4 75.2 F 1 Exonll PR PR 32.23 47.5

5 77.8 F 1 Unknown SD PR 4.67+ 6.27+
6 383 M 0 Exonl1 SD PR 32.13+ 75.33+
7 36.5 F 0 No mutations PR PR 40.93+ 43.9+

?All seven patients showed discrepancies between RECIST and Choi’s criteria.

=—i— No discrepancy
—i— Better response by Choi

=]
:E ===« Early response by Choi
©
E
2
t
3
=
[}
o
c L] L L] L}
0 25 50 75 100

PFS in months

Figure 3. The progression-free survival (PFS) associated with imatinib
according to response discrepancies when evaluated by RECIST and Choi’s
criteria. Discrepancies in the response outcomes determined by RECIST and
Choi’s criteria do not affect the PFS of GIST patients treated with imatinib.
Tumors showing preferential cystic degeneration had a similar clinical value
in terms of PFS with lesions showing partial response by RECIST and that
did not show preferential cystic degeneration.

In our present study cohort, Korean GIST patients treated
with frontline imatinib had a relatively long PFS of 48.6
months and a high disease control rate of 93%. This is
similar to the results of a previous prospective phase II study
from Korea (21). On the other hand, a favorable predictive
impact of c-KIT expression and KI/7 exon 11 mutations, and
an unfavorable predictive impact of PDGFRA mutation, was
evident from our current patients, consistent with previous
reports of GIST cohorts from western countries (22). The
reasons why imatinib shows a relatively higher efficacy in
Asian patients is not yet fully understood. However, given
the previously determined correlation between the imatinib
plasma trough levels and the clinical outcome (23), we
believe that pharmacokinetic approaches may help to explain
these phenomena in the future.

In conclusion, Choi’s criteria have clinical value in terms
of PFS in Asian GIST patients treated with imatinib.
Interestingly, tumors showing cystic degeneration after imati-
nib treatment lack CD34 expression. However, VEGF

expression does not correlate with cystic degeneration
following imatinib therapy. It is noteworthy also that our
present study is an anecdotal report that explores the bio-
logical properties of GISTs showing cystic changes follow-
ing targeted therapy. Because not much is known about the
clinical importance of cystic degeneration in these tumors,
our findings will not yet directly benefit the current treatment
practices for these lesions. However, we believe that our
novel results will have long-term benefits for our understand-
ing of this disease.

Supplementary data

Supplementary data are available at http:/www.jjco.
oxfordjournals.org.
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