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transfusions might represent steps forward in the
treatment of refractory myelogenous malignancies
[15,29].

Realistically, increasing survival to any significant
degree in pediatric patients with refractory acute leuke-
mia will require novel approaches to overcoming the
intrinsic resistance of leukemia cells to high-dose che-
moradiotherapy. The risk factors for mortality and
relapse identified in the present study may help guide
clinicians in making recommendations for allogeneic
SCT in pediatric patients with refractory acute leuke-
mia. Our data suggest that earlier optimal timing of
transplantation will be associated with better clinical
outcomes in patients with refractory or relapsed acute
leukemia, regardless of other factors. Conversely,
transplantation might not be indicated for patients
with persistent PB blasts after 3 courses of salvage
chemotherapy.

ACKNOWLEDGMENTS

This work was supported by a grant from the
Ministry of Health, Labor, and Welfare of Japan.

Financial disclosure: The authors have no conflicts
of interest to disclose.

REFERENCES

1. Estey EH. Treatment of relapsed and refractory acute myelog-
enous leukemia. Leukemia. 2000;14:476-479.

2. Brown RA, Wolff SN, Fay JW, et al. High-dose etoposide,
cyclophosphamide and total body irradiation with allogeneic
bone marrow transplantation for resistant acute myeloid leuke-
mia: a study by the North American Marrow Transplant Group.
Leuk Lymphoma. 1996;22:271-277.

3. Biggs JC, Horowitz MM, Gale RP, et al. Bone marrow trans-
plants may cure patients with acute leukemia never achieving
remission with chemotherapy. Blood. 1992;80:1090-1093.

4. Nemecek ER, Gooley TA, Woolfrey AE, et al. Outcome of
allogeneic bone marrow transplantatdon for children with
advanced acute myeloid leukemia. Bome Marrow Transplant.
2004;34:799-806.

5. Goldman FD, Rumelhart SL, DeAlacron P, et al. Poor outcome
in children with refractory/relapsed leukemia undergoing bone
marrow transplantation with mismatched family member do-
nors. Bone Marrow Transplant. 2000;25:943-948.

6. Greinix HT, Reiter E, Keil F, et al. Leukemia-free survival and
mortality in patients with refractory or relapsed acute leukemia
given marrow transplants from sibling and unrelated donors.
Bone Marrow Transplant. 1998;21:673-678.

7. Oyekunle AA, Kroger N, Zabelina T, et al. Allogeneic stem-cell
transplantation in patients with refractory acute leukemia:
a long-term follow-up. Bone Marrow Transplant. 2006;37:45-50.

8. Champlin R, Khouri I, Shimoni A, etal. Harnessing graft-versus-
malignancy: non-myeloablative preparative regimens for alloge-
neic haematopoietic transplantation, an evolving strategy for
adoptive immunotherapy. Br 7 Haematol. 2000;111:18-29.

9. Schrappe M, Reiter A, Ludwig WD, et al. Improved outcome in
childhood acute lymphoblastic leukemia despite reduced use of
anthracyclines and cranial radiotherapy: results of trial ALL-
BFM 90. German-Austrian-Swiss ALL-BFM Study Group. Blood.
2000;95:3310-3322.

10.

11.

12.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24.

25.

26.

27,

Biol Blood Marrow Transplant 17:516-523, 2011

Gaynon PS, Trigg ME, Heerema NA, et al. Children’s Cancer
Group trials in childhood acute lymphoblastic leukemia: 1983—
1995. Leukemia. 2000;14:2223-2233.

Pui CH, Boyett JM, Rivera GK, et al. Long-term results of Total
Therapy studies 11, 12 and 13A for childhood acute lymphoblas-
tic leukemia at St. Jude Children’s Research Hospital. Leukemia.
2000;14:2286-2294.

Webb DK, Harrison G, Stevens RF, et al. Relationships between
age at diagnosis, clinical features, and outcome of therapy in
children treated in the Medical Research Council AML 10 and
12 trials for acute myeloid leukemia. Blood. 2001;98:1714-1720.

. Woods WG, Neudorf S, Gold S, et al. A comparison of alloge-

neic bone marrow transplantation, autologous bone marrow
transplantation, and aggressive chemotherapy in children with
acute myeloid leukemia in remission. Blood. 2001;97:56-62.

. Creutzig U, Ritter ], Zimmermann M, et al. Improved treatment

results in high-risk pediatric acute myeloid leukemia patients after
intensificadon with high-dose cytarabine and mitoxantrone:
results of Study Acute Myeloid Leukemia-Berlin-Frankfurt-
Munster 93. 7 Clin Oncol. 2001;19:2705-2713.

Schmid C, Schleuning M, Schwerdtfeger R, et al. Long-term sur-
vival in refractory acute myeloid leukemia after sequential treat-
ment with chemotherapy and reduced-intensity conditioning for
allogeneic stem cell transplantation. Blood. 2006;108:1092-1099.
Wong R, Shahjahan M, Wang X, etal. Prognostic factors for out-
comes of patients with refractory or relapsed acute myelogenous
leukemia or myelodysplastic syndromes undergoing allogeneic
progenitor cell transplantation. Bio/ Blood Marrow Transplant.
2005;11:108-114.

Hosing C, Saliba RM, Shahjahan M, et al. Disease burden may
idendfy patients more likely to benefit from second allogeneic he-
matopoietic stem cell transplantation to treat relapsed acute my-
elogenous leukemia. Bone Marrow Transplant. 2005;36:157-162.
Sierra J, Storer B, Hansen JA, et al. Transplantation of marrow
cells from unrelated donors for treatment of high-risk acute leu-
kemia: the effect of leukemic burden, donor HLA-matching, and
marrow cell dose. Blood. 1997;89:4226-4235.

Huang XJ, Liu DH, Liu KY, et al. Haploidentical hematopoietic
stem cell transplantation without in vitro T-cell depletion for
the treatment of hematological malignancies. Bone Marrow
Transplant. 2006;38:291-297.

Aurer I, Gale RP. Are new conditioning regimens for transplants
in acute myelogenous leukemia better? Bone Marrow Transplant.
1991;7:255-261.

Grigg AP, Szer], Beresford J, etal. Factors affecting the outcome
ofallogeneic bone marrow transplantation for adult patients with
refractory or relapsed acute leukaemia. Br 7 Haematol. 1999;107:
409-418.

Ringden O, Labopin M, Gluckman E, et al. Graft-versus-
leukemia effect in allogeneic marrow transplant recipients with
acute leukemia is maintained using cyclosporin A combined with
methotrexate as prophylaxis. Acute Leukemia Working Party of
the European Group for Blood and Marrow Transplantation. Bone
Marrow Transplant. 1996;18:921-929.

Horowitz MM, Gale RP, Sondel PM, et al. Graft-versus-leukemia
reactions after bone marrow transplantation. Blood. 1990;75:
555-562.

Kuwatsuka Y, Miyamura K, Suzuki R, et al. Hematopoietic stem
cell transplantation for core binding factor acute myeloid leuke-
mia: t(8;21) and inv(16) represent different clinical outcomes.
Blood. 2009;113:2096-2103.

Bourquin JP, Thornley I, Neuberg D, et al. Favorable outcome
of allogeneic hematopoietic stem cell transplantation for re-
lapsed or refractory acute promyelocytic leukemia in childhood.
Bone Marvow Transplant. 2004;34:795-798.

Eapen M, Rubinstein P, Zhang M]J, et al. Outcomes of trans-
plantation of unrelated donor umbilical cord blood and bone
marrow in children with acute leukaemia. Lancet. 2007;369:
1947-1954.

Remberger M, Storer B, Ringden O, et al. Association between
pretransplant thymoglobulin and reduced non-relapse mortality



Biol Blood Marrow Transplant 17:516-523, 201 |

28.

Prognostic Factors for Refractory or Relapsed Leukemia 523

rate after marrow transplantation from unrelated donors. Bone 29. Schmid C, Schleuning M, Ledderose G, et al. Sequential

Marrow Transplant. 2002;29:391-397.

Thomas ED, Buckner CD, Banaji M, etal. One hundred patients
with acute leukemia treated by chemotherapy, total body irradi-
ation, and allogeneic marrow transplantation. Blood. 1977;49:

511-533.

regimen of chemotherapy, reduced-intensity conditioning for
allogeneic stem-cell transplantation, and prophylactic donor
lymphocyte transfusion in high-risk acute myeloid leukemia
and myelodysplastic syndrome. 7 Clin Oncol. 2005;23:
5675-5687.



Int J Hematol (2010) 91:630-635
DOI 10.1007/s12185-010-0549-1

Mosaic Down syndrome-associated acute myeloid leukemia does
not require high-dose cytarabine treatment for induction and

consolidation therapy

Kazuko Kudo - Asahito Hama - Seiji Kojima - Ruriko Ishii - Akira Morimoto -
Fumio Bessho - Shosuke Sunami - Naoyuki Kobayashi - Akitoshi Kinoshita -

Yuri Okimoto + Akio Tawa * Ichiro Tsukimoto

Received: 13 January 2010/ Revised: 11 February 2010/ Accepted: 24 February 2010/ Published online: 18 March 2010

© The Japanese Society of Hematology 2010

Abstract The present study aimed to identify optimal
treatment intensity in children with mosaic Down syn-
drome (DS) and acute megakaryoblastic leukemia
(AMKL). A retrospective review of AMKL patients was
undertaken to identify mosaic DS children. Between
November 1992 and November 2007, seven children were
diagnosed as mosaic DS and AMKL. The median age at
diagnosis was 29 months (range 4-34 months). Three
patients had a past history of transient abnormal myelo-
poiesis. UPN1-4 were treated with intermediate-dose
cytarabine and UPN4 received additional one course of
high-dose cytarabine. All of these patients were remained
in first CR. UPN5-7 were treated with high-dose
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cytarabine according to the AML99 protocol. UPN5 with
GATA! mutation suffered from acute pneumonia and
pancreatitis and discontinued chemotherapy. UPN7
relapsed after cessation of chemotherapy and was rescued
with allo-PBSCT. The cumulative doses of cytarabine were
3.5-10.65 g/m? in the UPN1-4 and 40.4-78.4 g/m” in the
UPNS5-7. The 8-year overall survival was 100% and the 8-
year event-free survival 85.7%, respectively. Our retro-
spective study reveals that patients with mosaic DS and
AMKL have a good prognosis. Reduction in intensity may
work in patients with mosaic DS as well as with AML-DS.
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1 Introduction

Acute megakaryoblastic leukemia (AMKL) is rare in the
general pediatric population but accounts for one half of
acute myeloid leukemia (AML) patients in children with
Down syndrome (DS). The association of AML with DS
(AML-DS) is well recognized, as is mosaicism of DS.
Mosaic trisomy 21 occurs in 3.85% of the DS popula-
tion [1]. The physical features may be milder in these
individuals, particularly if there are a large proportion of
normal cells. Therefore, it makes it more difficult to detect
mosaic DS patients, which can lead to a late diagnosis.

AMKL was unfavorable in non-DS children. Recent
studies showed that children with AML-DS had a favor-
able outcome with less intensive chemotherapy [2-8].
Simon et al. [9] described a patient with mosaic DS and
AML with a favorable response to therapy. To date, only
several case reports have reported with mosaic DS and
AML. A treatment regimen specifically designed for
AML-DS has been used in Japan since the mid-1980s. We
analyzed the mosaic DS and AMKL patients who were
treated with different protocols, retrospectively. The pres-
ent study aimed to identify optimal treatment intensity in
children with mosaic DS and AMKL.

2 Methods

A retrospective review of AMKL patients who registered in
the AML99 trial [10] and the previous multi-center trial
was undertaken to identify mosaic DS children. Four
patients were identified among 351 patients who registered
in the AML99 trial. Three patients, who were treated fol-
lowing to the AT-Down protocol [2], were identified
among the previous multi-center trial. Their clinical char-
acteristics are summarized in Table 1.

2.1 Statistical analyses

The event-free survival (EFS) and overall survival (OS)
rate with standard error (SE) was estimated using the
Kaplan—-Meier method [11]. The outcome data were
updated in March 2009.

3 Results

Between November 1992 and November 2007, seven
children (4 males, 3 females) were diagnosed as mosaic DS
and AML at six institutions. The characteristics of all seven
patients are summarized in Table 1, and the details of each
patient are shown in Table 2. The median age at diagnosis
was 29 months (range 4-34 months). Six patients were

Table 1 Summary of the clinical characteristics of patients with
mosaic Down syndrome and acute megakaryoblastic leukemia

No. of patients 7
29 months (4-34 months)
4 male, 3 female

Age, median (range)
Sex, male/female
FAB classification
M7
MDS
Preceding TAM
Mental retardation

B W W =

Dysmorphic features
Frequency of +21 (%)
PBL 0-23
Skin 8.5-30

Chemotherapy
AML99 [10] 3
AML99 Down [3] 1
AT-Down [2] 2
AT-Down [2] + high-dose cytarabine 1

FAB French-American—British classification, MDS myelodysplastic
syndrome, TAM transient abnormal myelopoiesis

diagnosed as having AMKL (FAB classification M7) and
one was myelodysplastic syndrome (MDS) at initial diag-
nosis. CD41 and/or CD42 marker were positive in 29.4—
96.5% of bone marrow (BM) cells. Three patients had a
past history of transient abnormal myelopoiesis (TAM)
during the neonatal period (UPNI1, 3, 4). Mosaic DS had
been diagnosed in UPN1-4 before chemotherapy. In other
patients (UPN5-7), the diagnosis of mosaic DS was made
during treatment. Three patients had mild mental retarda-
tion. Four patients had dysmorphic features such as
hypertelorism and epicanthal folds. Cytogenetic analyses
of peripheral blood lymphocytes (PBL) or BM cells were
done at diagnosis and during complete remission in all
patients. In UPN1-3, 5 and 7, initial BM cytogenetics
revealed complex chromosomal abnormalities in addition
of 4+21. Fluorescence in situ hybridization (FISH) analyses
of any of PBL, BM in complete remission (CR) or skin
fibroblasts showed that frequency of trisomy 21 varied
from 4 to 30%.

UPNI was treated according to the AML99 Down
protocol and remained in first CR. UPN2—4 were treated
according to the AT-Down protocol and remained in first
CR. UPN4 received additional one course of high-dose
cytarabine after AT-Down protocol and suffered from
acute respiratory distress syndrome (ARDS). The other
three patients (UPN5-7) were treated according to the
AML99 protocol with increasing cytarabine dose density.
UPNS suffered from acute pneumonia and pancreatitis and
discontinued chemotherapy. UPN6 was treated according
to the AML99 protocol without any serious complications

@ Springer
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Table 2 continued

UPN6 UPN7

UPNS

UPN4

UPN3

UPN2

UPN1

Chromosomal analyses

47, XY, +21[2/

46, XX[15/
20]

47, XY, del(11)

48, XX, +19, +21[9/20] 47, XY, +21[20/20]

49, XX, 59—, 79+, +8,

47, XX,

BM at diagnosis

(G-band)

20147,

+13, +21[7]

der(2)t(2;11)(q37;q13),

der(15)
t(1;15)(g23;p13),

idem, add(1)(p11)
der(9)add(9)(p13)add

47, XX,

(P?), +21[18/20]

48, idem, add(3)(q21),

47, XX, +21[5]46,

(9)(q22), add(10)
(q22)[7/20146XY[11/

+21[5/20]

add(7)(q?11)[8/20]

46, XX[3/20]

XX[14]

46, XX[16] 47, XX,

del(20)(q17), +21[18/20]

46, XX [2/20]

46, XY[2/20]

20]
47, XY, +21 (2, 6, 3/

+21[4]

47, XY, +21]0, 4, 47, XX,

BM; 46, XY[20/20]

BM; 46, XX[20/20]

In CR PBL/BM 47, XX, +21[2/30]

(G-band)

20]
46, XY[18, 14, 17/

+21[1/20]

1, 1/20]

46, XY[20, 16, 19,

46, XX [28/30]

201

19/20]

WBC white blood cell, Hb hemoglobin, Plt platelet, BM bone marrow, FAB French—American—British classification, MDS myelodysplastic syndrome, TAM transient abnormal myelopoiesis,

PBL peripheral blood lymphocyte, RRT regimen-related toxicity, CCR continuous the first complete remission, ND not done, NA not available, PBSCT peripheral blood stem cell trans-

plantation, FISH fluorescence in situ hybridization analyses of any of PBL, BM in CR or skin fibroblasts

# Anthracycline dose was converted as doxorubicin dose as follows; doxorubicin = 1, daunorubicin = 0.83, idarubicin = 5, mitoxantrone = 4, and pirarubicin = 0.6

except for an anaphylactic reaction to etoposide. She has
remained in first CR. UPN7 relapsed in the bone marrow
after cessation of chemotherapy and was rescued with allo-
peripheral blood stem cell transplantation (PBSCT).

The cumulative doses of cytarabine were 3.5-10.65 g/m’
in the UPN1-4 and 40.4-784 g/m> in the UPN5-7.
Cytogenetic analysis at diagnosis revealed acquired chro-
mosome changes occurring in addition to the constitutional
+21 except UPN4 and 6. The 8-year OS was 100% and the
8-year EFS 85.7%, respectively (Fig. 1).

4 Discussion

The prevalence of mosaic DS was reported to be 3.85% of
the DS population, and an accurate clinical diagnosis was
made in only 37.5% of mosaic patients [1]. The physical
features may be milder in these individuals. About one half
of AMKL patients have DS. It is necessary to exclude
mosaic DS when AMKL is diagnosed, because sometimes
DS individuals are more sensitive to antileukemic agents
than non-DS individuals. Our recent report demonstrated
that toxicity-related unfavorable events were reduced with
less intensive chemotherapy for AML with DS [3]. Simon
et al. [9] described a patient with mosaic DS and AML
with a favorable response to therapy. The same explana-
tion may apply to the seven patients described in the
present series.

A treatment regimen specifically designed for AML
with DS has been used in Japan since mid-1980s. The
regimen was less intensive and did not include high-dose
cytarabine and prophylaxis against CNS leukemia.
Remission induction chemotherapy consisted of pirarubi-
cin (25 mg/m?/day on days 1 and 2), cytarabine (100 mg/
m?/day on days 1-7), and etoposide (150 mg/m*day on

100
90
80
70
60
50

40 === EFS 85.7+-13.2%
30 - 0S 100%

20

Probability of survival (%)

0 50 100 150 200 250
Months after diagnosis

Fig. 1 Actuarial survival rate of seven patients with mosaic Down
syndrome and AMKL. All of seven achieved complete remission
(CR). One patient relapsed and rescued with allo-PBSCT. The 8-year
overall survival (OS) was 100% and the 8-year event-free survival
(EFS) 85.7%, respectively

@ Springer
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Table 3 Clinical courses of patients with mosaic Down syndrome and acute megakaryoblastic leukemia
UPN  Age TAM  Dysmorphic  Frequency of +21?* Cytarabine dose RRT  Outcome References

(months)/gender features -

PBL/BM Skin

1 31/F + 7% 21% 1D - CCR (69 months+) Present case
2 20/F — + 23% NA ID — CCR (196 months+)  Present case
3 29/F -+ + NA 30% ID — CCR (177 months+) Present case
4 34/M + + 4% NA ID + CCR (165 months+)  Present case
5 29/M - + 12% 30% HD + CCR (80 months+) Present case
6 24/F — 1.5% 8.5% HD - CCR (41 months+) Present case
7 4/M - - 0% 12.5% HD - 2nd CR after PBSCT  Present case
8 10M — + 50% 50% LD - CCR (24 months+) [12]
9 24/M + -+ NA NA LD _— CCR(12mo +) [13]
10 23/F - + 50% NA NA =+ CCR (24 months+) [9]
11 16/M + — 13% 6% NA - CCR (24 months+) [14]
12 14/F — + +1(21); 79% NA — CCR (24 months+) [15]
13 32/M — - 0-6% NA HD + Dead (7 months) [16]

TAM transient abnormal myelopoiesis, PBL peripheral blood lymphocyte, CCR continuous the first complete remission, NA not available, ID
intermediate dose, HD high dose, LD low dose, RRT regimen-related toxicity, PBSCT peripheral blood stem cell transplantation

* Fluorescence in situ hybridization (FISH) analyses of any of PBL, BM in complete remission or skin fibroblasts

days 3-5). Pirarubicin was used in the above protocol
instead of daunorubicin, which was originally used in the
previous AT-Down protocol [2], to reduce the cardiotox-
icity. Patients who achieved CR received four courses of
intensification therapy of the same regimen. On the other
hand, the AML99 protocol for non-DS patients with AML
included a repetitive high-dose cytarabine course [10]. In
the AML99 protocol, three or four high-dose cytarabine
courses administered at 12-h intervals and cumulative dose
of cytarabine was 59.4-78.4 g during total six courses of
chemotherapy.

The clinical courses of the seven patients in this series
and the six patients in the literature [9, 12-16] are sum-
marized in Table 3. The median age at diagnosis was
24 months (range 4-34 months). Five patients (UPN1, 3, 4,
9, 11) had a past history of TAM during the neonatal
period. Eight patients (UPN2-5, 8-10, 12) had dysmorphic
features and the majority of them were found the frequency
of +21 over 20%. Presence of either TAM or dysmorphic
features was found in 10 patients among 13 patients. Five
patients (UPN1, 6-7, 11, 13) were phenotypically normal,
whose levels of +21 varied from 8.5 to 21%, mostly below
20%. UPN5-7 and 13 were treated with high-dose cyt-
arabine. UPNG, 7 and 13 were well tolerable to repetitive
high-dose cytarabine regimen. On the other hand, UPNS
suffered from acute pneumonia and pancreatitis and dis-
continued chemotherapy. UPN4 received one course of
high-dose cytarabine in addition to intermediate-dose cyt-
arabine, resulting in the development of ARDS. Three
patients (UPN1-3) who were treated with intermediate-
dose cytarabine and two patients (UPN8-9) who received

@ Springer

low-dose cytarabine [12, 13] had no serious therapy-related
complication.

Recent studies showed that children with AML-DS had
a favorable outcome with an approximately 80% cure rate
[2-8]. The 8-year EFS of the seven patients was 85.7%.
UPNT7 relapsed after cessation of chemotherapy and was
rescued with allo-PBSCT. In the Western literature,
UPN13, whose age at diagnosis was 3 years or younger,
relapsed and died despite chemotherapy with idarubicin
and high-dose cytarabine [16]. Hasle et al. [17] analyzed
GATA] mutation in ten children 4 years or older and pro-
posed that GATAI mutation might be a good prognostic
marker of the ML-DS rather than age, blast count or FAB
type. This is retrospective study and GATAI mutation was
analyzed in only one patient. As GATAI mutation was
identified in UPNS, he was considered to possess typical
DS characteristics. Intensified chemotherapy might be
unnecessary for him to achieve and continue first CR.
Unfortunately, clinical samples were not obtained except
UPNS5; we could not reveal the correlation between the
presence of GATAI mutations and the good prognosis in
our series. Sandoval et al. [18] reported a patient of TAM
with GATAI mutation in a mosaic DS. The same inter-
pretations would be made concerning GATAI mutations in
mosaic DS and AMKL.

In conclusion, our recent report demonstrated that tox-
icity-related unfavorable events were reduced with less
intensive chemotherapy of AML-DS. Reduction in inten-
sity may also work in mosaic DS patients. On the basis of
the retrospective observation, we have designed a treatment
protocol for AML-DS that is less intensive than that
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for non-DS. AML should include AML patients with
mosaic DS.
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