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genetic studies have disclosed that the E7V6-
NTRK3 fusion gene is always present in cellular or
mixed type CMN and CFS, but not in classical
type CMN and IFS (Knezevich et al., 1998a;
Rubin et al., 1998; Watanabe et al., 2002). The
most common chromosome change in cellular or
- mixed type CMN is trisomy 11, followed by tris-
omy 8, 17, or 20. These findings were detected by
the classical cytogenetic method or FISH analysis
using centromere probes, and there seems to have
been no mCGH study on various CMN tumors to
disclose the whole cytogenetic pattern. The pres-
ent mCGH and RT-PCR study showed that cellular
or mixed type tumors characterized by the ETV6-
NTRK3 fusion gene are classified into tumors with
trisomy 11, and tumors with disomy 11 and other
chromosomal changes, and that classical . type
tumors are characterized by the absence of ETV6-
NTRK3 and no chromosomal changes.

Nonrandom extra chromosomes 7 and 10 are
found in hereditary papillary renal carcinoma
and MENZ2-associated pheochromocytoma, respec-
tively, and mutated MET or RET is shown to be
present on duplicated chromosomes (Zhuang et al.,
1998; Huang et al., 2000). Both groups of investiga-
rors suggested that cells containing two mutant
MET or RET alleles may gain a growth advantage
and eventually develop into tumors. These find-
ings made us speculate that active growth-promot-

ing genes or mutated oncogenes may be present in
duplicated chromosome 11 in cellular or mixed
type CMN. The prime candidate is the /GF2
gene, because the overexpression of /GF2 mRNA
has been reported in CMN (Sharifah et al., 1995;
Morrison et al., 2002). LOH with loss of the mater-
nal allele or LOI, resulting in the overexpression of
IGF2 mRNA, has been reported in other embry-
onal tumors, including Wilms tumer, rhabdomyo-
sarcoma, and hepatoblastoma (Zhan et al., 1994;
Rainier et al,, 1995; Ravenel et al.,, 2001; Yuan
et al., 2005; Watanabe et al., 2006). In addition, in
an experimental system using the ETV6-NTRK3
fusion vector and R-murine fibroblasts derived
from mice with targeted disruption of the IGF1 re-
ceptor gene (/GFRI), Morrison et al. (2002) showed
that an intact IGF signaling axis is essential for
in vitro ETV6-NTRK3 mediated transformation.
These findings suggest that the ETV6-NTRK3
fusion gene and /GF2 may collaborate in the
tumorigenic process of CMN, -

IGFZ is a fetal polypeptide growth factor, which
is expressed at high levels in embryos, and contin-
ues to be expressed only in the liver after birth
(Foulstone et al., 2005). Thus, normal kidney tis-
sues of young children express almost no or small
amounts of /GF2 mRNA, and fetal kidney tissues
express moderate amounts of /GF2 mRNA, as
shown in the present study. Elevated expression
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levels of /GF2 mRNA detected in three of four
classical type tumors indicate that IGF2.is needed
for development of the majority of classical type
tumors. Elevated expression levels were also found
in all three cellular type tumors with trisomy 11
and one of two cellular type tumors with disomy
11. The present study showed duplication of the
paternal /GF2Z allele in trisomy 11, analyzing the
methylation status of CTCF6 in H19-DMR. The
expression levels of cellular type tumors with tris-
omy 11 were high; however, the levels were not
necessarilly twice as high as those of cellular or
classical type tumors with disomy 11 (Table 1 and
Fig. 4). The findings may be explained by the
speculation that tumors with trisomy 11 expressed
[GF2 mRNA twice as much as those with disomy
11 at the critical time of tumorigeneis, but not at
the time of surgical resection. Thus, CMN tumors
with trisomy 11 overexpress /GF2 mRNA by the
mechanism of duplication of the paternal /GF2 al-
lele. Similar to the role of mutated oncogenes in
the tumorigenesis of hereditary tumors, duplicated
paternal /GF2 may provide CMN or its precursor
cells with a proliferative advantage. Non-random
chromosome gains in cancer may be a mechanism
to-increase the copy number of genes that are ge-
netically or epigenetically altered for the acquisi-
tion of a growth advantage.

Histological studies have suggested that cellular
type CMN might arise from classical type CMN
(Knezevich - et al, 1998a). The present study
showed elevated expression levels of /GF2 mRNA
in the majority of both cellular and classical type
tumors, and the ETV6-NTRK3 fusion transcript in
only cellular or mixed type tumors, but not in clas-
sical type tumors. Some investigators reported that
the overexpression of /GF2 mRNA promotes tu-
mor susceptibility (Feinberg and Tycko, 2004; Pra-
witt et al., 2005). It is tempting to speculate that
the overexpression of /GF2 mRNA helps some
classical type tumors acquire the ETV6-NTR3
fusion gene. In contrast, some investigators previ-
ously reported that trisomy 11 is secondary to other
genetic events in some, CFS and cellular type
CMN tumors (Schofield et al., 1993, 1994). In addi-
tion, one experimental study reported that IGF2
plays a role as the second signal in oncogene-
induced tumorigenesis (Christofori et al,, 1994),
Thus, IGF2 clearly plays an important role in the
tumorigenic process of CMN as the primary
genetic event shown in classical type tumors, or as
the secondary genetic event shown in cellular type
tumors with trisomy 11, although it seems difficult
to assess the exact role at present.
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Previous studies reported LOI or LOH of IGF2
in CMN with disomy 11 (Becroft et al., 1995; Spe-
leman et al., 1998). Furthermore, Huang et al.
(2000) showed that there was either duplication of
the mutant RET allele in trisomy 10 or loss of the
wild-type RET allele in disomy 10 in MENZ-associ-
ated pheochromocytoma. Thus, we speculated that
CMN twumors with disomy 11 might have LOI or
LOH of IGF2; however, we found almost equal
percentages of CTCF6 methylation indicating
ROI of /GF2, but not LOI or LOH of /GFZ in two
cellular type tumors with disomy 11. As the two
CMN tumors with LOI or LOH of /GF2 were
reported before identification of the ETV6-NTRK3
gene (Becroft et al., 1995; Speleman et al., 1998),
and histological diagnosis is sometimes difficult in
differentiating CMN from clear cell sarcoma of the
kidney, LOI or LOH of /GF2 is unlikely to occur
even in CMN tumors with disomy 11 and ETV§-
NTRK3.
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Secondary failure of platelet recovery (SFPR), which is a
delayed decline in platelet count after primary recovery
following mycloablative hematopoictic SCT, is a signifi-
cant problem in allegencic SCT. However, its clinical
characteristics have not been well described in autologous
SCT for acute mycloid leukemia. We reviewed 11
consecutive paticnts who had reccived autologous or
syngeneic SCT for acute promyelocytic leukemia. Seven
of 11 patients (64%) had SFPR, which is dcfined as a
decline in the platelet count to less than 30 000/ ul for more
than 7 days. The median onset of SFPR was day 36
(range, 25-51 days) and the median duration of thrombo-
cytopenia was 13 days (range, 4-25 days). Of nine
patients who received busulfan-containing preparative
regimens, seven (78%) had SFPR and one had delayed
primary platelet count recovery. Neither patient who
received cyclophosphamide and total body irradiation as
preparative regimens had SFPR. The clinical courses of
SFPR were transient and self-limited. SFPR was not
associated with relapse of underlying diseases, graft
failure or other fatal morbidities. The unexpectedly high
prevalence and the characteristics of SFPR may provide
additional information on management following auto-
logous SCT for acute myeloid leukemia.
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Introduction

Thrombocytopenia is a critical problem after myeloablative
hematopoietic SCT.' ¥ Recovery of platelets is affected by
several factors. including the stem cell source, the infused
cell dose, disease status, graft-versus-host disease, infec-
tions, and, especially, CMV. Veno-occlusive disease of
the liver (VOD), thrombotic thrombocytopenic purpura/
hemolytic uremic syndrome (TTP/HUS) and allo-immuni-
zation to random donor platelets also contribute to
thrombocytopenia.' *¢

A delayed. persistent decline in platelets count afier
primary platelet recovery is termed secondary failure of
platelet recovery (SFPR). Isolated thrombocytopenia may
occur without the decline of any other cell lineage. In a
large study by Bruno ¢f al..” SFPR was observed in 20% of
patients undergoing allogeneic transplantation and in 8%
of patents  undergoing autologous (runsplantation.
Although it is not related to disease recurrence or graft
rejection, SFPR is associated with poor outcomes after
transplant. Various factors that either affected platelet
production in the marrow or caused decreased platelet
survival in the peripheral circulation have been implicated
in (he pathophysiology of SFPR.'*¢

Autologous HSCT offers favorable outcomes for pa-
tients with acute promyelocytic leukemia in the second or
later remission with minimal residual discase.” We
conducted a series of autologous or syngeneic HSCTs for
patients with acute promyelocytic leukemia using mobilized
PBSCs with granulocyte CSF. An unexpectedly high
incidence of SFPR was observed. In this paper, we describe
clinical and pathological features that will lead to a new
method of SFPR management after HSCT.

Patients and methods
Study patients

We reviewed medical records of |1 consecutive patients
who had received autologous or syngeneic HSCT for AML
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at Nagoya University Hospital, Aichi, Japan, or JA Aichi
Showa Hospital, Konan, Japan from | April 2000, to 3]
December 2004. All patients were evaluated from the day
of transplant, defined as day 0, until death or the last
routine follow-up.

 Transplant procedures

Schedules and doses of preparative regimens are shown in
Table 1. Granulocyte CSF (filgrastim (patients 1-3 and 9-
11) or nartograstim (patients 4 and 7-8) was administered
intravenousty from day 1 until neutrophil engrafiment.
Sodium valproate 400 mg/day (patients 1-3) or phenyloin
300 mg/day (patients 4-6 and 9-11) were administered for
prophylaxis against BU-induced scizure. Prophylaxis
against herpes virus infection was administered with
acyclovir 1000mg/day in patients 4-8. Fluoroguinolone
and fluconazole or itraconazole were also administered for
prophyluxis against bacterial and fungal infections, respec-
tively. Patients | and 2 received trimethoprim/sulfamethox-
azole for prophylaxis against Pneumocystis jiroveci from
day =7 to —1.

Definitions

Primary platelet recovery after myeloablative conditioning
regimens was defined as an increase in platelet count to
=50 x 10°/ul without transfusion support. SFPR was
defined as a decline in the platelet count to less than
30 x 103/l for more than 7 days or on (wo consecutive
luboratory examinations, or as the requirement of platelet
transfusions after primary platelet recovery. The first day of
thrombocytopenia with a platelet count less than 30 x 10 /ul
was designated as the onset of SFPR. Neutrophil engraftment
was defined as an absolute neutrophil count > 0.5 x 10°/1 for
three consecutive days for neutrophil recovery.

Lahoratory examinations

Complete blood cell count and blood chemistry were
analyzed 2-3 times a weck during hospitalization. Bone
marrow aspiration was performed from the sternum to
confirm engraftment in all eight patients, and additional
examinations were carried out at the onset of SFPR in
some patients. CMV pp65 antigenemia®'* was analyzed as
a method of rapid CMV antigen detection in all patients.
The results are reported as the number of antigen-positive
cells per slide containing 150000 polymorphonuclear
leukocytes. Platelet-associated immunoglobulin G (PA-
IgG) was assayed in two patients (patients 4 and 5) around
the time of SFPR onset. CMV pp65 antigenemia was
monitored weekly after engraftment. CMV antigenemia
was managed according to the method reported by Kanda
et al.'! with some modifications. If CMV pp65-positive cells
were detected, patients preemptively received ganciclovir
(5 mg/kg) two times daily. Ganciclovir could also be started
with less than 10 positive cells in the patients who had
received more than 0.5 mg/kg of prednisolone.

Statistical analysis
Differences in the incidence of SFPR between palients
conditioned with BU-containing regimens and the other
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Patient characteristics
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patients (conditioned with CY and TBI) were analyzed with
Fisher's cxact probability test for independent groups. The
Mann-Whitney U-test was used to analyze the difference
in the dose of CD34' cells between patients with SFPR
and others. Statistical analyses were performed with the
STATA version 8.2 Software (STATA Corp.. College
Station, TX, USA).

Results

Patient’s characteristics

Patient’s characteristics are shown in Table 1. The mediun
age of the patients was 49 (runge, 30-65) years, with five
male and six female patients. All patients had acute
promyclocytic leukemiu. Eight patients were in second
CR, and the other three patients were in third CR. The
median dose of infused CD34* cells was 3.4 (range,
1.9-9.2) x 10°/kg. Six patients received BU and melphalan,
three patients received BU and CY, und two patients
received CY and TBI as preparative regimens. The stem cell
source in 11 patients was PBSCs.

Primary platclet recovery afier transplantation

All 11 patients achieved primary neutrophil engraftment. In
all patients, except patient 6, the platelet count was greater
than 50 x 10*/l within 20 days after transplant (range, 10~
18 days: median. 14 days). In patient 6, platelet recovery to
greater than 50 x 10%/ul did not occur until day §5.

Clinical course of SFPR

Seven of 11 patients (64%) had SFPR (patients 1-5, 10 and
11). The median onset of SFPR was day 36 (range, 25-51
days), and the median duration of thrombocytopenia was
13 days (range, 4-25). Platelet counts recovered in all
patients developing SFPR (Table 2). None of the seven
patients with SFPR showed the decline in WBC count or
RBC count during SFPR. Patients 1 and 2 received platelet
transfusions. In patient 1, the platelet count declined to
14 x 10*/ut on day 63 and recovered to 47 x 10°/ul on day
70. In patient 6, the primary platelet count recovery did not
occur until after day 50, but SFPR was not observed after
platelet recovery. Patients 4 and 5 had preceding febrile
episode. In patient 10, platelet count declined to 29 x 10%/ul
on day 51, and then to 22 x 10*/ul on day 53. Platelet count
recovered (o 30 x 10%/ul on day 55. and then to 52 x 10*/l
at day 85. In patient 11, platclel count declined 10 42 x 10%/
ul on day 33, and then to 20 x 10%/ul on day 36. Platelet
count recovered to 33 x 10%/ul on day 44, and then to
74 x 10*/ul on duy 58. Four of the seven patients with
SFPR developed hepatic dysfunction during SFPR
(Table 2). No patients developed renal dysfunctions (Table 2).
No other remarkable clinical manifestations developed in
the seven patients during SFPR.

Correlation between SFPR and conditioning regimens or
infused cell doses

Of the nine patients who received BU-containing con-
ditioning regimens, that is non-TBI regimens, seven (78%)
had SFPR and one (patient 6) had delayed primary
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recovery of platelet count. Neither patient who reccived
conditioning regimens without BU, that is, CY and TBI,
had SFPR (P =0.067: patient 6 was excluded from analysis
because of prolonged thrombocytopenia following trans-
plantation). The median number of infused CD34* cells
was 3.4 (range, 2.5-9.2) x 10%/kg for patients with SFPR
and 3.3 (1.9-4.0) x 10°kg for patients without SFPR
(P=0.35).

Bone marrow findings

Bone marrow aspiration at the onset of SH’R wis
performed on day 51 for patient 1, on day 23 for patient
2, on day 20 for patient 3, on day 31 for patient 4 and on
day 38 for patient 5. As shown in Figure 1. all specimens
showed normal cellufarity, without relapse of leukemia or
decrease in the number of megakaryocytces.

CMV antigenemia

In Patient 1, CMV antigenemia (9 positive cells out of
150 000) was detected on day 14, almost at the same time
that the stomatitis and fever appeared, and was successfully
treated with ganciclovir. In patient 2. the antigenemia was
negative on day 23, before onset of SFPR. At day 37, the
antigenemia (2 positive cells out of 150 000) was detected at
day 37 and it became negative after the administration of
ganciclovir. In patients 3-5. the antigenemia was negative
at the time of the onset of SFPR. None of the patients had
documented CMYV diseases.

Outcome of SFPR

Table 2 shows the outcomes of seven patients with SFPR.
Of the seven patients, six are alive without recurrence of
leukemia. One patient (patient 5) died of leukemia relapse
on day 278.

Discussion

Here, we have demonstrated a high incidence of SFPR
following autologous PBSC transplantation (PBSCT) for
AML. Bruno ¢t 4l have reported a low incidence (3.8%)
of SFPR after autologous SCT.'? Unlike their study. in
which the I-year mortality of patients with SFPR was high
(44%). in our study SFPR was self-limiting and did not
affect the relapse of underlying diseases. The different
feature from their report was that SFPR in our patients
were sclf limiting and did not affect the relapse of
underlying disease: in contrast the l-year mortality of
patients developing SFPR was relatively high (44 %) in
their study. This contrast might be due to differences in
patient profiles.

A high prevalence (64%) of SFPR was consistently
observed in our paticnts with AML who received auto-
logous PBSCT. One report has shown that 5 (56%) of 9
patients with AML had SFPR, whereas 16 (11%) of 146
patients with diseases other than AML who received
autologous PBSCT had secondary thrombocytopenia.'
Underlying disease of AML was a statistically significant
predictor of poor platelet engraftment after both auto-
logous BMT and PBSCT, compared with transplants for

(78]
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Figure 1 Bone marrow findings at SFPR onset (May-Giemsa stain. = 10) (a) patient 4 (b) patient 5.

other diseases.” Previous intensive chemotherapy for AML
before PBSC harvest might deplete the primitive precursor
cells that maintain long-term hematopoiesis.

Interestingly, seven of nine patients receiving BU-
containing conditioning regimens had SFPR. whereas
neither patient receiving TBI-based regimens had SFPR.
although the difference was not statistically significant. The
BU-containing regimen has particularly been used in
transplants in patients with myeloid malignancies. and
has been suggested to be associated with the development
of VOD. Although VOD was not clinically evident in our
patients, BU may have injured endothelial cells to induce
platelet activation and sequestration resulting in subclinical
VOD or TTP/HUS.

The elevation of PA-1gG in patients 4 and 5. and the
preceding febrile episodes of possibly infectious origins in
patients | and 3 suggest immunomediated thrombocyto-
penia. Bone marrow megakaryocytes did not decrease in
any patients during SFPR. Auto-immune thrombocytopenia
after  high-dose chemotherapy and autologous BMT,
PBSCT has been reported. but occurs infrequently in
patients with AML. lymphoblastic lymphoma or breast
cancer." " Although the exact mechanism for the devel-
opment of autoimmune thrombocytopenia is unknown,
several possible mechanism have been proposed including
transient immune system perturbation. such as impaired
suppressor T-cell function, immune deregulation related to
thymic damage caused by irradiation and chemotherapy.
and altered expression of self antigens as a result of stem
cell damage during harvest and storage and viral infections
after transplant.""™ Serum cytokine profiles observed in
immunological imbalances might contribute to the activa-
tion of monocytes and macrophages. which are critical
components in the elimination pathway of platelets.' Thus,
immunological perturbations following transplants possi-
bly caused decreased platelet survival by activating the
elimination system in the peripheral circulation,

CMV infection after primary platelet recovery was most
significantly associated with the incidence of SFPR in a
previous report.” In the present study. CMV disease was
not documented in any patient. Moreover, preemptive
ganciclovir use was not related to the onset of SFPR or to
clinical outcome. Thus. although CMV infection is a
potential cause of SFRR. it was not involved in our series.

In summary. SFPR was observed frequently after
autologous and syngeneic transplantation in patients with

acute promyelocytic leukemia. The high prevalence of
SFPR may be related to the use of PBSC as a stem cell
source and the use of BU-containing preparative regimens.
While multiple mechanisms are involved in the develop-
ment of SFPR. the identification of etiology in each patient
with precise descriptions of clinical characteristics should
improve patient care.
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Clinical characteristics and outcomes in patients with t(8;21) acute myeloid leukemia

in Japan
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In acute myeloid leukemia (AML), 1(8;21)(q22;422) translocation
is onc of the most common karyotype abnormalities, occurring
in 7-8% of adult paticnts.' This change is closely associated
with AML-M2 subtype in the French-American-British (FAB)
classification, a type of AML with high complete remission (CR)
rale (85-90%) and favorable survival rate.'™ Studies conducted
in woestern  countries  have  demonstrated  that  survival s
prolonged when  consolidation  chemotherapies  comprising
high-dose cytarabine are administered.?

A rescarch group from the Cancer and Leukemia Group B
reported that clinical characteristics of 1(8;21) AML could alter
depending on cthnicity, suggesting that direct adoption of
trcatment strategics based on clinical studies conducted in
western countries 10 Japanese patients may not be advisable.*
A recent study from Japan focused mainly on the clinical impact
of cytogenctics.” Information on clinical characteristics and
optimal trecatments, such as the clinical impact of high-dose
cytarabine, thus remains unavailable for fapanese patients.

To establish optimal therapeutic strategies applicable to
Japanese patients, clarification of clinical characteristics and
outcomes in Japanese patients with ((8;21) AML is crucial. The
present retrospective multicenter study  was  conducted 1o
investigate the clinical characteristics of Japanese patients with
1(8;21) AML.

From January 2000 to December 2005, a total of 147
Japanese adult patients (215-years-old), who were newly
diagnosed with de novo AML (FAB: M2) according to FAB
classifications, were consecutively enrolled in nine collaborat-
ing hospitals. We retrospectively reviewed the medical records
of these patients. These 147 patients included 46 patients with
(8;21) AML and 101 AML{M2) patients without t(8;21).

Diagnosis of 1(8;21) AML was established based on chromo-
somal analysis (G-handing, n=45) and/or detection of RUN-
XHAMLIYMTGS(ETO) fusion gene by real-time reverse
transcription-polymerase chain reaction (n=16). Overall survi-
val was calculated from diagnosis to death from any causes and
event-free survival was defined as the time from diagnosis to the
following events: first relapse of AML; treatment-failure; or death
from any cause except leukemia. High-, standard- and low-dose
cytarabine were defined as >2 g/m*/day, 100-200 mg/m?/day
and <40mg/m7/day, respectively. No patients reccived any
other doses of cytarabine. Of the 46 patients with 1(8;21), 4 were
enrolled in the AML 202 study of the Japan Adult Leukemia
Study Group.

Overall survival rate was calculated using the Kaplan-Meier
product limit method. A log-rank test was applied to assess
impact by the factor of interest when appropriate. Estimated
survival was calculated as of January 31, 2007. Uni- and
multivariate Cox proportional hazard models were applied to
estimate the impact of potential prognostic factors. Factors
associated with at least borderline significance (P<0.10) in
univariate analyses were subjected to multivariate analysis using
backward stepwise proportional-hazard modeling. Values of

P<0.05 were considered statistically significant. Multivariate
Cox proportional hazard models were used to determine the
influence of age, sex and karyotype (with or without ((8;21)) on
survival of all 147 patients. All analyses were conducted using
STATA version 9.2 software (STATA, College Station, TX, USA).

Characteristics of AML patients with t(8;21) are shown in
Table 1. Patients with (8;21) (median age, 49.5 years; range,
18-86 years) were significantly younger than AML(M2) patients
without 1(8;21} (median age, 60 ycars; range 17-90 years;
P<0.001). AML(M2) patients without 1(8;21) included 57 men
and 44 women. The median follow-up of surviving patients was
27.0 months (range, 0.2-82.6 months) after diagnosis.

Twelve patients with 1(8;21) AML died during follow-up at a
median of 10.6 months (range, 3.1-80.1 months) after diagnosis
due to primary discase (1= 10), pneumonia (n=1) or sudden
cardiac death (n=1). Overall survival rates at 3 years after
diagnosis in paticnts with ((8;21) was 70% (95% confidence
interval (CI), 51-83%). This rate was significantly better than
that in AML (M2) patients without 1(8;21) (overall survival at
3 years, 0.43 (95%C), 0.32-0.54); log-rank test, P=0.005;
Figure 1a). Among patients < 60-years-old, overall survival rates
of patients with t(8;21) AML and patients with non-t(8;21)
AMLM2) were 71% (95%Cl, 47-86%) and 58% (95%Cl1, 41—
72%), respectively (log-rank test, P=0.28; Figure 1b). Event-free
survival rate at 3 years in patients with 1(8;21) was 54% (95%Cl,
37-69%). Overall survival rates in patients with (8;21)
according to karyotype are shown in Figure 1c. No significant
difference in overall survival (Figure 1¢) or event-free survivals
were noted between karyotypic groups (log-rank test, P=0.27
and P=0.51, respectively). There was not any  significant
association between presence of extramedullary involvement
and additional karyotype abnormality (P=0.49).

Of the 45 patients who received induction therapy, 36 and 5
patients achicved CR after first and second courses of
chemotherapy, respectively (Table 1). CR rate was 91%.

Of the 40 patients who received induction therapy containing
standard-dose cytarabine, 38 achieved CR. Among those, 21
patients received high-dose cytarabine-containing consolidation
therapy. One of the 21 patients died in CR during consolidation
therapy, due to infection. Event-free survival rates in patients
with and without high-dose cytarabine were shown in Figure 1d.

In multivariate analysis, age and white blood cell count at
diagnosis represented  significant  unfavorable predictors  of
overall survival. White blood cell count and lactate dehydro-
genase level at diagnosis represented significant unfavorable
predictors of event-free survival. (Table 2) Among 147 patients
with AML (M2), presence of 1(8;21) was not a significant
predictor of survival (hazard ratio, 0.65; 95%C! 0.34-1.24;
P=0.19) in multivariate analysis.

The present study demonstrated a more favorable survival rate
for patients with (8;21) AML in Japan than secn in recent studies
conducted in western countries, ™ even though median age in
the present stucly (49.5 years) was higher than those in recent
studies (28-43 years).**™® Median white blood cell count and
platelet count in the present study, which have been reported as
predictors of survival in previous studies,**™ were consistent
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Table t Characteristics and treatment of patients with 1(8;21) AML
Variables Number
Age (years) Median, range 49.5 (18-86)
Sex Male/female . 32/14
Karyotypic abnormality®

(A) 1(8:21}{q22; q22) without additional karyotypic abnormality 12

(B) 1(8:21)(122; q22) with loss of sax (Y) chromosome 13

(C) 1(8;21)q22; g22) with abnormal chromosome 9 4

(D) 1(8;21){q22; q22) with >3 additional abnormaiities 9

(B) t(8:21)g22; g22) with loss of X chromosome 3

{F) Other karyotypic abnormalities” 3
White blood cell count {/x) Median, range 9350 (900-54 970)
Red blood cell count (10E6/;d) Median, range 2.4 (0.6-4.0)
Hemoglobin at diagnosis (g/df) Median, range 8.5(2.3-12.8)
Platelet count (10E3/,l) Median, range 34 (6-99)
Lactate dehydrogenase level (IU/)) Median, range 453 (162-3831)
Extramedulary involvement Present®/absent 8/37
Surface antigens on leukemia cells

cb7 Present/absent 2/42

CD 13 Present/absent 41/3

CD 19 Present/absent 29/17

CD 33 Present/absent 35/11

CD 34 Present/absent 42/2

CD s6¢ Present/absent 3277

HLA-DR Present/absent 44/2
First induction therapy”®

Idarubicine 12 mg/m? d1-3+cytarabine 100mg/m? d1-7 37

Daunorubicine 50 mg/m? d1-5+cytarabine 100mg/m? d1-7 3

Low-dose cytarabine-based chemotherapy 4

Other regimen 1
Outcomes of first induction therapy

Complete remission 36

Complete remission not achieved 9
Consolidation therapy? )

High-dose cytarabine-based chemotherapy 21

Courses of high-dose cytarabine (1/2/3/4) 1%4/12/4

Standard cytarabine-based chemotherapy 16

Low-dose cytarabine-based chemotherapy 2
Hematopoietic stem cell transplantation

In first complete remission (autologous/allogeneic) 3/4'

In other stage (autologous/allogeneic) 0/8

Abbreviation: AML, acute myeloid leukemia.

"Two patients were diagnosed by detection of RUNX1/MTGS8 fusion gene using reverse transcription-polymerase chain reaction.
bThose included 46,XY, 1(8:21)(022,922), del(11)(p11p13) (1 = 1); 46,XY, 1(7;21,8)(q22;022;q22) (n = 1); 45.XY, 1(8;12;21)(q22;p11:q22), del(9)q?)

(0= 1) and 46,XX,t(2;19)(q37;p13),1(8;21)([022:q22) (1 = 1).

“including skin {7 = 2), submandibular lymph nodes (7 = 1), mediastinum (n = 2), cervical lymph nodes (n = 2), spleen (n = 2), submandibular lymph

nodes (n= 1}, liver (1= 1), lung (n = 1) and subcutaneous (n=1).

9Mean fluorescence intensity of CD56 among karyotype group A-F was 68, 42, 48,83, 85 and 18%, respectively.

°One patient rejected chemotherapy.

'Five patients achieved complete remission after second course of induction therapy. Three of the remaining 4 patients died with disease
progression at a median of 195 days (range, 92-243 days) after diagnosis. The final remaining patient underwent allogeneic peripheral blood stem
cell transplantation from an HLA-matched sibling at day 114 after diagnosis.

90ne patient did not receive consolidation therapy and data were unavailable for one patient.

"This patient received autologous hematopoietic stem cell transplantation in first complete remission.

Hhose patients had received slandard-dose cylarabine (1=2) or high-dose cytarabine (n1=2) containing consolidation therapies before

transplantation.

with those in previous studies. Differences in patient back-
grounds between recent studies and ours are thus unlikely to
have affected survival rates. These results indicate that (8;21)
AML in Japanese patients is associated with more favorable
outcomes than seen in patients from western countries.
Prognosis of (8;21) AML may differ according to ethnicity,
although statically analysis was not conducted. Further large-
scale studies to investigate differences in clinical outcome
among patients of various ethnicities thus appear warranted.

Leukemia

Interestingly, differences in overall survival between t(8;21)
AML paticnts and AML(M2) without 1(8;21) paticents were
unclear after adjusting for age (Figure 1b). One possible
explanation is that AML (M2) in japanese patients is associated
with favorable outcomes. Another explanation is that favorable
outcomes for (8;21) AML are greatly related to low patient age.
To date, information on clinical differences after adjusting for
age between 1(8;21) AML and AML(M2} without 1(8;21) limited,
and is worth investigating in future studics.
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Figure 1 Overall survival rates. Overall survival rates of the AML(M2) patient with or without 1(8;21) were shown in (@). Overall survival rate atl

3 years after diagnosis in patients with 1(8;21) was 0.70 (95%Cl, 0.51-0.83). Overall survival ratc at 3 years after diagnosis in patients with non-
1(8;21) AML(M2) was 0.43 (95%Cl, 0.32-0.54) (a). A significant difierence was identified between groups (fog-rank test, P=0.005). Overall
survival rates for AML(M2) patients < 60-years-old were shown in (b). Overall survival rate at 3 years after diagnosis in patients with or without
1(8;21) was 0.71 (95%Cl, 0.47-0.86) and 0.58 (95%Cl, 0.41-0.72), respectively. No significant difference was seen between groups (fog-rank test,
P=10.28) (b). Overall survival rales according to karyotype at diagnosis were shown in Panel ¢. Survival rates of the following karyotype groups are
shown: (A) 1(8;21)(422;422) without other karyotype abnormality; (B) 1(8;21)(22;G22) with loss of sex (Y) chromasome; (C) 48;21)(G22;G22) with
abnormal chromosome 9; D) 1(8;21)22;q22) with 23 additional abnormalitics; E) 1(8;21)(q22;422) with loss of X chromosome and F) other
karyotype abnormalities. No significant difference was noted between groups (log-rank test, P=0.27) (c). Event-free survival rates with high- and
standard-dose cytarabine were shown in (d). Event-free survival rates at 3 years after diagnosis in patients with consalidation therapy containing
high- and standard-dose cytarabine were 57% (95%CI, 32~76%) and 64% (95%CI, 34-83%), respectively (og-rank test, P=0.69) The four
patients who received the allogeneic stem cell transplantation in the first complete remission were excluded from the analysis (d). AML, acuie
myeloid leukemia; Cl, confidence interval.

Table 2 Risk factors for overall and event-free survival in patients with 1(8;21) AML

Univariate factors _ Overall survival Event-free survival

HR 95% CI P HR 95% CI P
Age (years) 1.04 1.00-1.08 0.08 1.01 0.98-1.05 0.37
Sex (male vs female) 2.25 0.48-10.4 0.30 1.75 0.58-5.32 0.32
Induction therapies (low-dose vs standard-dose cytarabine-containing 2.57 0.55-12.0 0.23 2.65 0.76-9.23 0.13
regimens)
White blood cell count at diagnosis (> 10E4/ul vs < 10E4/pl) 6.78 1.48-31.0 0.01 4.41 1.57-12.41 0.005
Hemoglobin at diagnosis (finear by 1 g/dl increase) 1.01 0.81-1.25 0.94 1.08 0.90-1.30 0.40
Platelet count at diagnosis (inear by 10E4/ul increase) 1.06 0.86-1.32 0.58 1.01 0.84-1.22 0.91
Lactate dehydrogenase level at diagnosis (linear by 11U increase) 1.00 1.000-1.001 0.06 1.001  1.0002-1.0011 0.004
CD56 expression of leukemia cell (positive vs negative)® 0.59 0.15-2.39 0.46 0.78 0.22-2.78 0.71
Karyotype (t(8;21) with other additional abnormality vs t(8;21) without 1.01 0.31-3.31 0.99 1.05 0.42-2.66 0.9t
additional abnormality or t(8;21) with loss of sex (Y) chromosome)®
Extramedullary involvement (present vs absent) 0.92 0.20-4.25 0.91 0.87 0.25-3.02 0.83
Stepwise multivaniate factors
Age (years) 1.04 1.00-1.09 0.04 NA NA NA
White blood cell count at diagnosis (> 10E4/ul vs < 10E4/;d) 7.70 1.66-35.7 0.009 368 1.29-10.50 0.02
Lactate dehydrogenase level at diagnosis (linear by 1 IU increase) NA NA NA 1.001 1.000-1.001 0.02

Abbreviations: AML, acute myeloid leukemia; 95% Cl, 95% confidence interval; HR, hazard ratio; NA, not applicable.
3Patients with an unknown variable were included in the analysis using a dummy variable indicating missing data.
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Additional karyotype abnormalities have been reported as an
unfavorable prognastic factor for 1(8;21) AML." The significance
of these abnormalities may vary with cthnicity. In the present
study, the prognostic impact of additional karyotype ahnormali-
ties (including loss of the sex chromosome and abnormal
chromosome 9) was uncertain, consistent with a previous study
from Japan.® Additional karyotype abnormalitics may not
represent an imporant prognostic factor in Japanese paticnts,
However, trisomy 4 still requires special consideration. All
3 Japancesc patients with trisomy 4 in an carlier study died within
3 years.” This additional karyotype warrants further investigation,
since the present study did not include these patients.

No clinical impact of high-dose cytarabine consolidation
therapy in Japancse 1(8;21) AML patients was demonstrated in
the present study, inconsistent with previous studics from western
countries.' Efficacy of high-dose cytarabine may differ hetween
patients from Japan and western countries.  Since  intensive
chematherapy such as high-dose cytarahine carries a risk of
treatment-related morbidity and mortality, clinicians must care-
fully sclect eligible patients who would benefit from this regimen.
Overall survival rate in patients with high-dose cytarabine was not
inferior to that in patients who received standard or low-dose
regimens (data not shown). Our resulls indicate that high-dose
cytarabine consolidation chemotherapy is feasible in Japanese
paticnts with 1(8;21) AML and that investigation of efficacy by
conducting a randomized trial in Japan is warranted.

Despite providing novel and useful information on 1(8;21)
AML in Japan, some issues remain to be discussed. First, the
patients known to have a less good prognosis, such as those with
additional trisomy 4 was not included in the present study.
Second, the information on tyrosine kinase mutations in the
patients with 1(8;21) was not presented in the present study, The
tyrosine kinase mutations among various ethnicities are require
to investigate in future studies, since those could influence the
prognosis. Furthermore, specific mutations often associated with
1(8;21), such as N-Ras and Flt3 hesides c-kit are also worth
investigating. The last detailed information of AML(M2) patients
without t(8;21), including white blood cell count and karyotype
at diagnosis, and induction and consolidation treatment were
not available in the present study. Those require to bhe
investigated in future studies.

In summary, the clinical characteristics of (8;21) AML might
differ between patients from japan and western countries.
Clinicians should be alert to potential clinica! differences among
ethnicities. Further large-scale studies on differences in clinical
characteristics among various ethnicities including Japanesc
patients are required.
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