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that cannot be predicted from conventional data. Mintz
et al. [29] reported osteosarcoma chemoresistance was
associated with osteoclastogenesis and bone resorption
based on decreased expression of osteoclastogenesis-
inhibitory factors in tumors showing a poor response to
chemotherapy. We report here 10 protein spots associated
with the chemosensitivity (necrosis rate) of osteosarcoma
to preoperative chemotherapy. Although the 10 spots are
currently under investigation, further studies may lead to
new diagnostic or prognostic markers for osteosarcoma and
new therapeutic targets.

Proteomic analysis using 2D-DIGE can provide impor-
tant, novel clues for understanding the biology of bone and
soft tissue sarcomas and for revealing candidate tumor
markers and therapeutic targets.
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Distinct Gene Expression-Defined Classes of
Gastrointestinal Stromal Tumor
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Purpose
The majority of gastrointestinal stromal tumors (GIST) can be cured by surgery alone, but relapse

oceurs in 20% to 40% of cases. GISTs are considered to invariably arise through gain of function
KIT or PDGFA mutation of the interstitial cells of Cajal (ICC). However, the genetic basis of the
malignant progression of GISTs are poorly understood.

Patients and Methods
The expression levels of 54,613 probe sets in 32 surgical samples of untreated GISTs of the

stomach and small intestine were analyzed with oligonucleotide microarrays. The representative
GeneChip data were validated by real-time reverse transcriptase polymerase chain reaction
and immunohistochemistry.

Results

Unbiased hierarchical clustering consistently separated the 32 cases of GIST into two major
classes according to tumor site. The two major classes were further separated into novel
subclasses, which were significantly correlated with various pathological prognostic parameters,
the frequency of metastasis {P < .05), and clinical outcome. Immunohistochemical analysis of 152
independent patients with gastric GISTs revealed that the expression of dipeptidyl peptidase IV
(T-cell activation antigen CD26) protein was significantly associated with poorer overall and
disease-free survival (P < .00001).

Conclusion

CD26 appears to be a reliable biomarker of malignant GISTs of the stomach. The postoperative
recurrence rate of CD26-negative cases was as low as 2.0% (two of 102). Therefore, postoper-
ative follow-up of such patients might be made less intensive. CD26 may play an important role
in the malignant progression of gastric GISTs and serve as a therapeutic target.

J Clin Oncol 26:4100-4108. © 2008 by American Society of Clinical Oncology

kinase,? and one third of G1STs without KIT muta-
tion carry reciprocal mutations in the PDGFRA gene
that encodes platelet-derived growth factor recepton
a (PDGERA) tyrosine kinase.*”

GISTs show a wide spectrum of clinical
courses. The majority of cases can be cured by sur-

Gastrointestinal stromal tumors (GISTs) are an
established human tumor entity characterized by
distinct clinical, genetic, and histopathological
features.'™ The overall frequency of GISTs are esti-

mated to be no more than 10 to 20 cases per million
in Western countries,’ but GISTs comprise the ma-
jority of primary mesenchymal tumors of the gas-
trointestinal tract. Approximately 60% to 70% of
GISTs arise in the stomach, 20% to 30% in the small
intestine, and 5% in the colon and rectum. ' On the
basis of similarities in immunohistochemical and
ultrastructural features, it is considered that GISTs
arise from interstitial cells of Cajal (ICC) or their
precursor cells.* More than 80% of GISTs have gain
of function mutations of the KIT proto-oncogenc
that encodes the ¢-Kit (CD117) receptor tyrosine

4100 @ 2008 by Amencan Society of Clinical Oncology

Information downloaded from jco.ascopubs.org and provided by Kokuritsu Gan Center on March 8, 2009 from .

gical resection alone, but 20% to 40% of cases re-
lapse during the postsurgical follow-up.*'” Distant
metastasis to the liver is the most common manifes-
tation of recurrence,'® and our previous experience
indicates that the 5-year and 10-year survival rates
after grossly curative surgery arc 81.7% and 67.4%,
respectively.® Many pathological criteria based on
tumor site, size, cell type, degree of necrosis,™'*"?
mitotic rate, Ki-¢7 immunorcactivity (MIB1 label-
ing) as well as their combinations have been pro-
posed for predicting the outcome of patients with
GISTs. The National Institutes of Health convened a

Copyright © 2008 by the American Society of Clinical Oncology. All rights reserved.
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Tumor Grade
Risk Group
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Fig 1. Four distinct gene expiession-defined subclasses of gastrointestinal stromal tumors. Unsupervised hierarchical clustering separated 32 GIST cases into four
subclasses based on the expression levels of the 21,214 probe sets of the GeneChip Human Genome U133 Plus 2.0 array (Affymetrix, Santa Clara, CA). Case numbers
rrespond to those of Appendix Table A1, The clinicopathological characteristics of the 32 cases in the four subclasses are indicated by red and green rows as follows
tumor site (red, small intestine/green, stomach), mitctic score (red, score 1/green, score 2|, MIB1 labeling index (red, index 1/green index 2), tumor grade (red, grade
1/green, grade 2), risk group (red, low grade/green, high gradel, risk category {red, low and intermediate risk/green, high risk), necrosis lred, absent/gieen, present),
metastasis (red, absent/green, present), KIT mutation (red, absent/green, present], mutated exon of KIT (red, other than exon 11/green, exon 11}, and tumor size
(red, < 5 ecmfgreen, = 5.0 cm).
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workshop in 2001, and a consensus (risk category) was pro

sed to might be applicable to the prediction of outcome in patients

estimate the relative risk of GISTs based on tumor size and mitotic with GISTs.

count."! However, the cutoff values for these criteria have been deter-

mined empirically, and subjective assessments by skilled pathologists
are inevitable. Therefore, it is necessary to identify an objective bi

omarker for recurrence of GISTs with a high positive or negative o
predictive value.
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cases in order to clarify the genomic alterations associated with the MIB1-po or grade was defined as grade 1 lindex 1 and no
malignant progression of this tumor and to identify a biomarker that tumor necrosis) and grade 2 (index 2 or tumor necrosis). Risk group was
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defined as low-risk group (grade 1 and tumor size of < 5.0 cm) and high-risk
group (grade 1 and tumor size of = 5.0 ¢cm or any grade 2). Risk category
was defined as described previously.!” The mutational status of the KIT
and PDGFRA genes was determined as described previously.**

GeneChip Analysis

Total RNA was extracted with IsoGen lysis buffer (Nippon Gene,
Toyama, [apan) and purified with a RNeasy Mini kit (Qiagen, Hilden, Ger-
many). We used GeneChip Human Genome U133 Plus 2.0 arrays (Af-
fymetrix) to analyze the mRNA expression levels of 54,613 prabe sets
corresponding to more than 38,000 human UniGene Clusters in accordance
with the manufacturer’s protocols. The background correction, probe
sumimarization, and normalization of all the GeneChip data were per-
formed with the Microarray Analysis Suite 5 algorithm, and the processed
values of all probe sets were then log-transformed for subsequent analyses,
using the ArrayAssist 4.0 software package (Stratagene, La Jolla, CA).

Hierarchical clustering analysis was performed with centered values of
the Pearson’s correlation coefficient and Ward’s linkage method, Clustering
analysis was performed by biostatisticians (A.S., T.S., H.K.) who were blinded
to the clinicopathological data.

Real-Time Reverse-Transcriptase Polymerase Chain Reaction

For cDNA synthesis, 5 pg of total RNA was reverse transcribed by
random priming with Superscript 1I reverse transcriptase (Invitrogen). The
gene-specific TagMan primers and probes were designed by Applicd Biosys-
tems (Foster City, CA). Real-time reverse-transcriptase polymerase chain re-
acton (RT-PCR) was carricd oul using the ABI Prism 7000 Sequence
Detection System (Applied Biosystems). The comparative C, values were nor-
malized to that of glyceraldehyde 3-phosphate dehydrogenase.*

Immunchistochemistry of CD26

Goat antihuman CD26 antibody (AF1180) was purchased from R&D
Systems (Minneapolis, MN). Immunoperoxidase staining of formalin-fixed
and paraffin-embedded tissue sections using the avidin-biotin complex was
performed as described previously.®® lmmunohistochernical results were
judged by three investigators (T.Y., K.H., U.Y.) without awareness of the
clinical information. Endothelial cells of blood vessels served as internal posi-
tive controls. Tumeors that showed any degrec of CD26 staining were classified
as positive.

Statistical Analysis

Estimates of overall and disease-free survival were computed using the
Kaplan-Mcier method using the StatFlex statistical software package version
5.0 (Artec, Osaka, Japan). Overall survival was calculated from the day of
diagnosis until death or until the end of follow-up. Disease-free survival was
calculated from the day of diagnosis until the day of relapse or death as a result
of disease, whichever came first. Differences between survival curves were
assessed for statistical significance with the log-rank test. Other statistical tests
were performed vsing tools available in the R statistical package (version
2.0.1; http://www.r-project.org/).

Classification of GISTs Into Four Subclasses Based on
Global Gene Expression

The clinicopathological, immunohistochemical, and genetic
characteristics of the 32 cases of GIST used in the GeneChip analysis
ave presented in Appendix Table Al, online only.

To grasp the overall gene expression pattern, we first performed
unsupervised analysis of all 54,613 probe sets. Hierarchical clustering
separated the 32 GISTs into two principal classes, each of which was
further divided into two subclasses (Appendix Fig Al, online only). To
eliminate probes that had little or no variation across samples (probes
that were not working well), we next selected a set of 21,214 probes
showing intensity differences of more than 2'-fold between the max-

W ICo.0rg

imum and minimum signals across the 32 samples and repeated the
same unsupervised analysis. Hierarchical clustering separated the 32
samples into the same four subclasses except for one sample (case 28;
Fig 1). We further confirmed the stability of this gene expression—
defined clustering by eliminating probe sets with intensity differences
of less than 2'-fold (6,231 probe sets), 2°-fold (2,907 probe sets), and
2°-fold (1,380 probe sets; data not shown).

Clinicopathological Significance of the Gene-Expression-
Defined Subclasses

We named the two principal classes separated by unsupervised
analysis of the 21,214 probe sets as class B (for bowel) and class G (for
gastric), because all tumors of the small intestine were clustered into
class B, and all tumors of the stomach were clustered into class G (Fig
1). The four subclasses were designated as class B1, class B2, class G1,
and class G2 (from left to right in Fig 1). The subclasses were found to
be associated with the known prognosis-relevant clinicopathogical
variables (Fig 1). Fisher’s exact test showed that there were significant
differences between class Bl and class B2 as well as between class Gl
and class G2 in the frequency of mitotic score, MIB1 LI, tumor grade,
risk group, and metastasis (P < .05; Appendix Table A2, online only).
There was no significant difference in the presence of KIT mutation,
mutated exon of KIT, tumor size, cell type, sex, or expression of c-Kit
or CD34 (Table A2 and data not shown). Mitotic score, MIB1 LI,
tumor grade, risk group, and metastasis did not remain significantly
different (P << .05) between class Bl and class B2, when Holm's
adjustment of P values was applied for dealing with the multiple
testing situation.*®

Appendix Figure A2A and A2B shows the Kaplan-Meier plots
for disease-free survival of patients in the subclasses. The gene
expression—defined clusters clearly separated the patients into those
with good outcome (class Bl and class G1) and those with poor
outcome (class B2 and class G2; P < .005). Remarkably, none of
the patients in class B1 or class G1 died during follow-up period of
108 months.

Heterogeneous Gene Expression of Malignant GISTs
The correlation coefficient values of 21,214 probe setsbetween all
the combinations of the 32 GIST cases were calculated, and are pre-
sented as a pseudocolored heat map in Figure 2. There were high
similarities of overall gene expression within cases of class Bl and

Tahle 1. Heterogeneous Gene Expression of Malignant Gastrointestinal
Stromal Tumors

Average
No. of Correlation
Class Pairs Coefficient Cl t Value df P
B1 15 0.78 0.77t0 0.79 572 3.11 .0096"
B2 3 0.69 0.64t0 0.74
G1 66 0.74 0.73t0 0,75 3.69 95.93 .0004t
G2 55 0.7 0.71t0 0,72

NOTE. Pearson's product-moment correlation coefficients were calculated
among cases belonging to the same subclass, and were then Z-transformed
to correct estimated errors to yield a normal distribution. The averages of
these transformed values were compared between class B1 and class B2 as
well as between class G1 and class G2 (Welch's ttest),

"< 01,

t< .001.

© 2008 by American Society of Climcal Oncology 4103
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within cases of class G1, but not within cases of class B2 or within cases
of class G2 (Fig 2). The average correlation coefficient values were
significantly different between class Bl and class B2 (P < .01, Welch’s
t-test) as well as between class G1 and class G2 (P < .001; Table 1).
These findings suggest that genomic diversity increases significantly
during the malignant progression of GISTs.

Gene Expression Changes Associated With Malignant
Progression of GISTs

There were 122 probe sets whose expression was increased in
class B1 compared with class B2, and 400 probe sets whose expression
was increased in class G1 compared with class G2 (Appendix Fig A3A,
online only). There were 97 probe sets whose expression was increased
in class B2 compared with class B1, and 321 probe sets whose expres-
sion was increased in class G2 compared with class G1 (Fig A3B). Only
eight probe sets (eight UniGene clusters) were commonly increased in
class B and class G1 relative to each respective counterpart {Fig A3A
and Appendix Table A3), and 12 probe sets (12 UniGene clusters)
were commonly increased in class B2 and class G2 relative to each
respective counterpart (Fig A3B and Appendix Table A4), suggesting

that the genomic alterations promoting malignant progression differ
between small intestinal GISTs and gastric GISTs.

We conducted real-time RT-PCR analysis of 20 representative
genes differentially expressed between class G1 and class G2 to validate
the results of the GeneChip analysis. Appendix Figure A4 represents
10 of these 20 genes.

CD26 Is a Significant Prognostic Factor of Gastric GISTs
Among the 400 probe sets whose expression was significantly
increased in class G2 compared with class G1, we noticed that the
[DPP4 (dipeptidyl peptidase 1V gene (which encodes the CD26 pro-
tein) was ranked in the first, second, third, and fifth places (Appendix
Table A3, online only). Immunohistochemistry of 21 gastric GIST
cases for which specimens were available revealed there were 12
CD26-positive (Fig 3A, 3B, 3D, and 3E) and nine CD26-negative cases
(Fig 3C and 3F). The expression of CD26 protein appeared to be
correlated well with gene expression—defined classes except for one
case (case 2; Fig 3G). The disease-free and overall survival of patients
with CD26-positive GISTs was worse than that of patients with CD26-
negative GISTs (P < .05; Appendix Fig AS, online only). Appendix
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Fig 3. Correlation of dipeptidyl peptidase IV (DPP4) mRNA with CD26 protein expression. (A-C) Hematoxylin and eosin and (D-F)
o-negatve gastnc gastointestnal stomal tumors, The arrowhead indicates vascular endoth
lelative DPP4 mRNA expression level was determined by realtime reverse transcriptase polymerase chain reaction (in arbitrary

B. D, CD26-positive and (C, F) C
CD26-positive inflammatory cells. (G) f

immunoperoxidase staining of (A,
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units). The bar at the battom indicates CD26-positive (black) and CD26-negative (gray) cases
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Table AS (online only) presents the relationship between CD26 ex-
pression and gene cxpression—defined subclasses of small intestinal
and gastric G1STs.

We then examined the clinical significance of CD26 protein
expression in an independent validation cohort consisting of 152
gastric GISTs. The patients comprised 83 males (54.6%) and 69
females (45.4%). The average age at diagnosis was 59 years (range,
28 to 83 years), and the duration of follow-up ranged from 4 to 352
months (mean, 117 months). Follow-up computed tomography
(CT) imaging was performed every 3 to 6 months. Of the 152
patients, 22 (14.5%) developed distant metastasis (14 to liver, four
to peritoneun, two to bone, one to lung, and one to lymph node),
seven of them were treated with imatinib mesylate. Immunohisto-
chemically, 149 cases were positive for ¢-Kit, and 148 cases were
positive for CD34.

Of the 152 gastric GISTs, 50 were CD26 positive (32.9%), and
the remaining 102 were CD26 negative {67.1%). CD26 positivity
was significantly (P < .05, Fisher’s exact test) associated with
tumor size, necrosis, mitotic score, MIB1 LI, tumor grade, risk
group, risk category, and metastasis (Table 2). CD26 positivity was
significantly associated with poor overall and disease-free survival
(P < .00001; Fig 4A and 4B). The estimated overall survival rate at
10 years after surgery was 97.4% in CD26-negative patients and
69.9% in CD26-positive patients.

Table 2. Correlations Between Clinicopathological Characteristics and CD26
Expression in 1562 Cases of Gastric Gastrointestinal Stromal Tumors
CD26 Expression
Negative  Positive
_— Holm's
Characteristic No. % No. % P Method P
Tumor size, cm
<'860 72 735 26 26.5 0307 0318
=50 30 556 24 44.4
Necrosis
No 100 69.4 44 306 .0158 0316
Yes 2 250 6 750
Mitotic score
1 101 795 26 20.5 4.46x 107'® 357 x 107"2
2 1 4.0 24 96.0
MIB1 labeling index
Index 1 100 775 29 225 349x107'° 244 10°°
Index 2 2 8.7 21 91.3
Tumor grade
1 98 77.2 29 228 1.08x10"® 638x107°
2 4 16.0 21 84.0
Risk group
Low grade 95 772 28 228 1.47x1077 588> 1077
High grade 7 241 22 759
Risk category
Very low 8 100.0 0 0.0 299x10"® 888x10°°
Low 60 78.0 17 22.0
Intermediate 25 641 14 359
High g 321 19 67.9
Metastasis
No 100 768 30 231 1.38x10°% 831x10°°
Yes 2 9.1 20 909
NOTE. Differences at P < .05 were considered significant
“Fisher's exact tast.

WRW, U0.0r¢

Almost all the CD26-negative cases were MIB1 LI index 1 (100 of
102), but the CD26-positive cases comprised a mixture of index 1 (29
of 50) and index 2 (21 of 50; Table 2). MIB1 L1 is known to represent
cell proliferation activity. We hypothesized that the CD26-positive
cases might be further stratified by MIB1 LI. As shown in Figures 4C
and 4D, the 152 gastric GIST cases were divided into three groups:
CD26 negative, CD26 positive and index 1, and CD26 positive and
index 2. There were significant differences in disease-free survival
among these three groups (P < .01).

Several microarray analyses using smaller numbers of GIST cases had
been conducted before this study.”"" GISTs show gene expression
profiles different from those of other mesenchymal tumors.””*! The
status of KIT/PDGFRA mutation has been reported to affect the global
gene expression profile of GISTs.***° However, none of these studies
investigated the clinicopathological significance of the gene expression
profiles, probably because long-term follow-up (for 5 to 10 years or
more) is necessary for assessing the clinical outcome of this generally
low-grade malignant tumor.'

Unsupervised hierarchical clustering is a well-established statisti-
cal method that separates cases based on similarities and dissimilarities
of overall gene expression.”” GISTs arc considered to invariably arise
through gain of function KIT or PDGFRA mutation of ICC. Most
GISTs are composed of a fairly uniform population of spindle cells. !
Allander et al*’ reported marked homogeneity in the gene expression
of GISTs with KIT mutation. We assumed that low-grade GISTs
constitute a uniform population and could be separated from high-
grade GISTs by simple unsupervised clustering. The most principal
determinant that separated the 32 GIST cases in this study was the site
of tumor origin: the small intestine (class B) or stomach (class G; Fig
1), similarly to findings reported previously.*® The second most prin-
ciple determinant, however, was exactly as anticipated. Low-grade
GISTs constituted a population with homogeneous gene expression
profiles (classes B1 and G1; Fig 2) and was separated from high-grade
GISTs, which constituted a heterogeneous population (classes B2 and
G2, Fig 2).

In order tu apply the observations obtained using GeneChip
analysis to clinical practice, we selected the DPP4 gene, because its
expression showed the greatest significant differences between class
G1 and class G2. We further validated the clinical significance of the
DPP4 gene product, CD26, in a large independent cohort of gastric
GIST cases (Fig 4 and Table 2). Because the postoperative recurrence
rate of CD26-negative cases was as low as 2.0% (two of 102) even in
this cohort, the postoperative follow-up of these patients could have
been significantly less intensive. Objective assessment of CD26 expres-
sion is possible using formalin-fixed paraffin-embedded tissue speci-
mens (Figs 3D to 3F) and can be readily incorporated into routine
pathological diagnosis along with ¢-Kit and C1)34. For these reasons,
CD26 is considered to be a biomarker superior to other known prog-
nostic parameters.

CD26 is not only a biomarker of malignant GISTs, but may
also. play an important role in malignant progression. CD26 is a
110-kDa cell membrane glycoprotein that belongs to the serine
protcasc family (EC 3.4.14.5).* It is expressed on a wide variety of
cell lineages including T lymphocytes, endothelial and epithelial

© 2008 by Americar Society of Clinical Oncology 4105

Information downloaded from jco.ascopubs.org and provided by Kokuritsu Gan Center on March 8, 2009 from .
Copyright © 2008 by the American Society of Clinical Oncology. All rights reserved.



Yamaguchi et al

1-0‘Lw.-_.‘wa.ﬂ.*qu-.. P

CD26-négative (n = 102}

F<.00001

CD26-positive (n = 50)

Fig 4. Correlation of CD26 expression
with patient outcome in a validation co-
hort. (A] Kaplan-Meier analysis of overall
survival of patients with CD26-positive
lyeliow| and CD26-negative (blue) gastnc

gastrontestinal stromal tumors {GISTs).
(B) KaplandMeier analysis of disease-fiee
survival of patents with CD26-positive
lyellow) and CDZ6-negative (blue) gastrc
GIST. (C) Kaplan-Meier analysis of overall
survival of patients with CD26-negative
{bluel, CD-26 positve and index 1 (gray),

T T T
100 200 300
Time (months)

CD26-negative (n = 102)
Blos S s o x

and CD-26 positive and index 2 (red) gas-
tric GIST. (D) Kaplan-Meier enalysis of
disease-free survival of patients with
CO26-negative (blue), CD-26 positive and
index 1 [gray), and CD-26 positive and
index 2 (red) gastric GIST,

P=.00935

CD26-positive index 1 (n = 29)

P < .00001

CD26-positive index 2 {n = 21)

PR EE L S i o o B
% = CD26-negative (n = 102} "a‘; .
o £ )
S 0.8 4 S 0.8+
A P<.00001 o
— o
2 o6 - 7 2 0.6
- CD26-positive (n = 50} a
w
= 04 3 044
@ e
= &
S i s 024
@
a
T T T
0 100 200 300 0
Time (months)
1.0 Cst-m‘igativa {n=102) é_ 1.0
£ ‘ =
T P=.10231 2
S 0.8 2 0.8
o CD26-positive index 1 (n = 29) o
2 0.6 : 0.6
s = |
@ m
= 044 P <.00001 @ 0.4+
IE! [
13
> 4]
< apd ® 0.2
2
CD26-positive index 2 (n = 21) o
T T T
0 100 200 300 0
Time {months)

T T T
100 200 300
Time {months)

cells. CD26 selectively cleaves the N-terminal dipeptide from cyto-
kines and chemokines, and modulates their function. Althou gh the
role of CD26 in tumor development is still controversial,” an
intriguing observation has been reported in a series of publications
by Kotani and colleagues.™* Differential diagnosis of follicular
carcinoma of the thyroid from follicular adenoma has been one of
the most difficult tasks for surgical pathologists. CD26 cxpression
is highly specific to carcinoma and is able to predict distant metas-
tasis of apparently benign thyroid tumors.' Unfortunately, CD26
expression was not associated with the outcome of small intestinal
GISTs (data not shown), indicating that the molecular mecha-
nisms behind the malignant progression of small intestinal GISTs
differ from those of gastric GISTs. Further studies using cell culture
and animal models are required to determine the exact biologic
consequences of CD26 in GIST cells,

CD26 may serve as a therapeutic target molecule. Anti-CD26
monoclonal antibody has been shown to inhibit the growth of ana-
plastic large cell T-cell lymphoma both in vitro and in vivo.* Several
orally active CD26 enzyme inhibitors have been developed as a new
class of antidiabetic drugs. These inhibitors are generally safe and well
tolerated, and no serious adverse effect has been noticed even in elderly
patients.””~* These characteristics of CD26 inhibitors may make them
suitable for long-term preventive administration to postoperative pa-
tients with GISTs.

At present, the precise molecular mechanism that induces the
expression of CD26 remains to be clarified. CD26 may not be the

4106  © 2008 by Amencan Society of Climcal Oncology

cause of malignant progression of gastric GISTs, but its clear-cut
association with the increased risk of postoperative recurrence war-
rants diagnostic application. It will certainly be necessary to validate
our results in an independent study.
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Dipeptidyl peptidase IV (DPP4): A cell membranc PDGFRA (platelet-derived growth factor alpha): The receptor for
serine exopeptidase that cleaves dipeptides from the N terminus PDGF exists distinetly as the dimeric o or B8 form. All dimer combinations of
of proteins. DPP4 is involved in the metabolic inactivation of PDGF A and B signal through PDGFR-ca; PDGF BB signals through PDGER-
elucagon-like peptide-1 (GLP1). {36; PDGF CC sigmals through the v and ovf8 receptors; and PDGF DD signals
Hierarchical clustering: An analytical tool used o find the doscst through the B and aff receptors.
associations among gene profiles and specimens under evaluarion.
c-kit: A member of the PDGER fanuly, c-kit is a tyrosine kinase recep- Ki67: A marker of proliferation, Ki67 is a protein that is expressed in the nu-
tor that dimerizes following ligand binding and is autophosphorylated cleus of proliferating cells. Absent only in resting cells, cells in the G1, 5, G2. and
on intracellular tyrosine residucs. M phasc of the cell ¢ycle express this marker.
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The Realities of the Medical System for Pediatric Hematologic Malignancies in Tapan

iCeizo Horibe"™ Masahiro Tsuchida®®, Masahito Tsurusawa®® and Tatsutoshi Nakahata™
"National Hospital Organization Nagoya Medical Center Clinical Research Center
“Tharagi Childven's Hospital
*Department of Pediatries, Aichi Medical University
“Nepartment of Pediatrics, Kyato University Graduate School of Medicine
“Japanese Pediatric Leukemia/Lymphoma Study Group

Gathering all of the pediatric leukemia groups in Japan. the Japanese Pediatric Leukemia/Lymphoma
Study Group (JPLSG) was orgenized to undertake high quality clinical trials to establish the standard therapy
for pediatric hematologic malignancies in 2003. In this study, the realities of the medical system for pediatric
hematologic malignancics in Japan were revealed by the questionnaire to the hospitals participating in JPLSG.
Replies were obtained from all 186 hospitals and were analyzed. There were 96 hospitals with less than 3 staff
78 hospitals with no staff on the hematologic board, 108 and 111 Lospitals with clinical service for solid tumors
and hematopoietic stem cell transplantarion (HSCT), respectively. A clinical research coordinator working for
pediatric malignancies was found only in 10 hospitals. The study revealed that clinical services for hematologic
malignancies. solid tumors and HSCT were all provided by the small number of staff. and that the service gual-
ity varied among the hospitals. In conclusion, intensified service systems in metropolitan areas, the securing of
staff in local areas, and on education system for raising specialists will be needed in the near future. Supporting
system for local staff to relieve the burden will be alsa required to carry out high quality clinical trials.




Pediatr Blood Cancer 2009:52:591-5958

Retrospective Analysis of Relapsed or Primary Refractory Childhood
Lymphaeblastic Lymphoma in Japan

Tetsuo Mitsui, mp, bm si,'* Tetsuya Mori, M, rho,” Naote Fujita, mp, rip,” Hircke Inada, mo, pin,”
Keizo Horibe, mo, vhn,® and Masahito Tsurusawa, mp, rho® on behalf of the Lymphoma Committee,
lapancse Pediatric Leukemia/Lymphoma Study Group

Background and Procedure. To assess the clinical course with
response 1o second-line teatment and to evaluate the role of
hematopoietic stemy eell transplantation {SCT) in children with
relapsed or primary refractory lymphobliastic lymphoma (LBL), we
analyzed data of 48 patients with relapsec/primary refractory
diseases among 260 LBL patients identified in g national survey of
1996-2004. Results. Twenty-six patients achioved second complete
remission; 9 achieved partial remission. OF 13 patients who showed
progression despite first and second line therapy, unly one patient
was alive on the second relapse after unrelated cord blood
transplantation. Among 40 relapsed patients, the median time
hetween initial diagnosis and relapse was 12.5 months {range 3-
56 months). The sites of relapse were isolated BM in = 9), primary
lacal site with B (9), primary local site (8), isolated CNS 43, local

Key words:  children; lympheblastic lymphoma: recumrence: refractory

site with mediastinum ), primany local site with ather site 14), and
uthers (4). Of alt 48 patients, 3 weie alive after chemaotherapy alone.
Of the 33 patients, 14 were clive after high dose chemotherapy
IHDCYSCT. With a 27 5-month miedian ‘ollow up period, the g-r(.‘dl
0OS rate was 43.24.7.4% lestimale £ SE)L Univariate analysie
identificd two teatures irefapse within 12 manths, T cell phenatyps)
as significant variables that predicted poor survival. Multivariaie
analysis showed novel siatistically significant variables including
relapse within 12 months fram initial diagnosis (Hazard ratio 3.60
and absence of HDG/SCT (2.64). Conclusion. Outcomes of paticnts
with relapsedfprimary refractory LBL were poor, but HOC/SCT for
these patients was associated with good results, Pediatr Blood
Cancer 2009:52:59 1 =595, 2 2009 Wiley-1iss, I

INTRODUCTION

Malignant lymphoma is the founh most frequent of all Japanese
childhood cancers. [t represents 5% of all new cases. Lymyphoblastic
lymphoma (LBL) is a major histology of childhood NHL.
accounting for about 30%. Excelient outcomes for children with
LBL have been reported with protocols closely modeled on therapy
designed for acite lymiphoblastic leukemia (ALL) |1]. However,
20-40% of patients develop relapse or primary refractory discase.
They have poor prognuses | 2.3]. The clinical courses and outcomes
of these relapsed or primary refractory LBL of children have not
been well documented [2.4).

To determine the response © second-line treatment and the
vutcomes of children with a relapsed or primary refractory LBL and
to evaluate the role of high dose chemotherapy and stem cell
transplantation (HDC/SCT) in these patients. we performed a
retrospective nanionwide analysis of LBL patients in Japan.

PATIENTS AND METHODS

Among 260 patients with LBL regisiered in a national survey
during 1996-2004, 43 paticnts { 18.5%) from 39 institutions with
primary refractory or relapsed diseases were found. including 8
primary refractory diseases and 40 relapses. Their medical records
were reviewed, Relupse was defined as appearance of new lesions.
re-growth of original masses and obvious enlargement of the
mediastinal mass o8 revealed by imaging study with pathological
examination in principle, and appesrance of tumor cells in bone
marow and cercbrospinal Huid. Among 40 relupsed patients,
25 were confirmed relapse by histological/cviological examina-
ltons, 9 were defined with oniy clinical courses and imaging studies,
and the rest of 6 were unknown about precise information. Among
five patients recurred with mediastinad masses, four were confirmed
by histologicai/eviological study. and one wis determined by only
imaging studies. Clinteal data including treatment and follow-up
information were sathered from a review of wlapsed or primary
© 2009 Wiley-Liss. Inc.

BOE10.1062/phe. 21941
Published online 20 Januvary 2069 in Wiley InterScience
(wwwinterseienca, wilev.eent)

refractory patient charts through the Japunese Pediatric Leukemiu
Lymphoma Smdy Graup (2PL.SG)Y. The JPLSG comprises four
chijdren’s hematology/oncalogy study groups: Japun Associution of
Chiléhood Leukemia Study, Tokyo Children’s Cancer Study Group,
Japan Children’s Cancer and Leukemia Study Group, end Kyushu-
Yamaguchi Children’s Cancer Study Croup. First line treatmments
differed among groups. The mwost frequently used  treatment
regimens were based on the framework of the LSA2-1.2 protocol
or the BEM group strategy |5,6]. After 4—6 weeks of ALL-therapy-
like induction, seme courses of consolidation and intensification
were dune [or fust line therapy followed by maintenance consisting
of multi-ugent block thernpy or aral 6-MP with weekly MTX.
Actual drugs and dose during consolidution, intengification and
maintenance vaned among groups. Total durations of therapy were
of twn types: 18 and 24 months.

Second line trearment also varied. Among 41 patients for whom
deseriptions of second Hne chemotherapy regimen were available.
11 received theie own first line protocol shmilar to high risk ALL

Additional Supporting Information niay be fouwd in the ooline version
of this article.
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induction, 12 received therapy of uther high risk ALL induction.
S reccived AML type therapy, 3 underwent an ifosfamide,
carboplatin, etoposide (ICE) [ 7] regimen, 6 received myeloablative
stem cell transplantation as a re-induction therapy, and 4 reccived
other therapics. Because of the luck of unitermity in the therapeutic
regimens for refractory or recusrent cases, we mainly examined
these paticnts” charaeteristics with the prognostic significance of the
variables on averall survival,

Using Kaplan-Meier estimates. curves were caleulated for the
probability of overall survival together wilh standard error (SE).
Univariate analyses of the association of various clinical factors
were done with overall survival. The curves were compared using a
donble-sided log rank test. P <2 (L0 at both sides wus considered
significant. The overall survival (O8) rate was caleulated from
the time of initial diagnosis to death. Progression free survival (PES)
was calculated from the ime of relapse or refractory phase to
discase progression. Multivarinte analyses were performed using
the Cox proportional-hazard model. Variables with P-vilues <0.1 in
prior univariate testing were included.

RESULTS

Table | porirays representative characteristics of primary
refractory or relapsed patients. Male patients were 66.7%, which
is similar to the 70% males among all NHL patients. Of the patients,
R1% showed greater than clinical stage 11 at initial diagnosis.
Among 48 patients, 2 eventually revealed an NK type immunophe-
notype after initiation of first line LBL type therapy. Both achicved
complete remission (CR) with first line therapy, but recurred. One
was refractory to second line therapy: the patient received unrelated
cord blood wansplantation (UCBSCT) and died of graft failure.
Another patient achieved partial remission (PR) with second line
therapy, received allogeneic bone marrow transplantation (BMT),
and entered imo continuons CR.

Sites of relapse were the primary local site (12.5%), and the
primary site with another site (35.4%) (Table II). Of 40 relapsed
patients, 33 exhibited recurrence during first line chemotherapy and
7 after it (3-56 months after dingnosis, median 12.5 months). The
patientys” clinical courses and outcomes are shown in Figures 1 and 2.
OF all primary refractory/relapsed palients, 26 patients achieved
CR: and 9 patients achieved PR after second linc chemotherapy.
Among 13 patients who progressed in spite of first and second line
chemotherapy. 1 paticnt was alive al the analysis on second relapse
after UCBSCT. 8 patients died of therapy relafed toxicity. and 4 died
of discase progression. Among the eight primary refractory patients,
only one patient who had CNS local discase was alive after

TABLE L Patient Characteristics Initial Dingnosis (n = 48)

9(1-15)
32 (66.7%)

Age at diagnosis (years). median (range)
Male sex (%)
Stage (Murphy’s classitication)

| 2
I 7
i1 16
v 3
Histological hamunophenotype
Precurnor B g
Precursor T 32
Others (not determined 4. NK 2.T. B mia 1} 7

Pediviir Blood Caneer DO 1O 1002/phye

TABLE 1L Site of Relapse

Prinwary sitc only
BM

CNS

BM and CNS
Mediastinum
Others

Primmury site + o*

e — — e O

BM denotes bone marrow; CNS, central nervous ssstenn, © - 7 BM.
9: Mediastinum, 4; CNS, 1. Otlers, 3.

chemotherapy with radiation without HRDC/SCT. NDCYSCT was
donc for five patients. Two paticnts were alive: vne sivived fo
50 months after auio BMT for local mediastinal discase: the viher
wus PR for 5 months after UCBSCT. Among 4 relupsed pationts
2 were alive under chemotherapy alone and gained CR wfter sccond
line chemotherapy. 1 was alive for 55 months adicr BM relapse, and
I was alive for 57 months with radiation afier CNS local disease.
Among 28 patients who had HDC/SCT sfter relapse, 12 patients
were alive: 7 had had advanced discase ond 3 had had local disease.

With a median follow-up period of 27.5 months. the 3-year 05
rate was 43.2 + 7.4% (estimate & SEY (Fig. 3). Univariate analysis
identified two features that were sienificant Tuble [11) as variables
that were predictive of OS: relupse within 12 months and T coll
phenetype. The presence of HDC/SCT was nol significint
Regwding the toal duration of first line therapy. we found =
significant difference between 18 months and 24 months (P = 0.4(1
The 3-year progression free survival rate wus 37.04£7.3
Univariate analysis for PFS with the same variables for OS shosw o
a significant difference only in the presence of HDC/SCT (3-1.0.
PFS 369 £9.1% vs. 21.4 4+ 11.0, P=0.03).

The OS rates for 25 patients who underwent HDC/SCT durye «
CR or PR, und for 8 patients who received chemotherapy with
HDC/SCT after achieving CR or PR were 61.5£ IN.3%
37.5 +17.1%:. respectively: they were not significantly diffvioo
(P =0.06). Regarding patients who underwent HDC/SCT Jdurr .
CR or PR. 6 among 19 paticnts who underwent allogeneic SCT 1
relapsed; 4 among 6 patients who had undergone autologous S
had relapsed. Of those 19 allogencic SCT recipients. 10 sunvis
without further progression (median 22 months after transphii .
tion), although only 2 of 6 autologous recipients survived (nice
40 months), Regarding  cansplantaton-related toxicity. 'y
allogencic recipients died of toxicity, although none had dicd «.
autologous transpluntation. Among all transplanted patients.
median times to transplantation from the refractory/relupse pho
were § menths for allogeneic (n = 26) und 4 for autologons (n -+~
BM involvement appearcd respectively in 10 cases and | 10
OS rates between these were, respectively 54.04 10.1%

28.6 & 17.1%. No significant difference was abserved (F = (1242

although a higher OS rate was observed in the allogeneic group. i
donor type, whether rejated or inrelated, alsa showed no signitic.
difference (P =086) among allogencic wansplantation case-

Regurding the transplunt preparative regimen, except for or.
paticnt who could not undergo the mycloablative regimen.

preparative regimens were mycloablative. Additive chematheray
varied among patients, for example (ura-C, ara-C+ VP-1o
VPI6+CY, ara-C 1 VP-16 +CY. CY +TT, BUS +L-PAN,
L-PAM — DA ): no significant difference was found between T
(1= 22) und non-TBI regimens (9) (P=0.73)



