preference recommendation for HLA mismatch types from
our study. The increase in the number of HLA-DRB1 mis-
match was associated with decreased mortality; however, it
is important to note that HLA-DRB1 double mismatch was
associated with increased transplant-related mortality.
This study included a large number of HLA-A, HLA-B,
low-resolution and HLA-DRB1 high-resolution typed CB
recipients, but there are limitations. UCB selection is
mainly influenced by the availability of an acceptable cell
dose, but is also influenced by many unmeasured factors
that can affect the outcome. Although we adjusted for
known risk factors and disparities between groups, we
cannot rule out the influence of a potential selection bias.
Another limitation involves the results for 3/6. Since, in
current practice in Japan, HLA-DR typing for UCB unit
selection is performed at low resolution, with a preference
of up to two HLAantigen-mismatched UCB units, most
(97%) of the HLA-A, HLA-B, low-resolution and HLA-
DRB1 high-resolution 3/6 UCB in the present study were
selected as one- or two-antigen-mismatched for theHLA-
A, HLA-B, and HLA-DR low-resolution level. If we con-
sider the effect of the current practice for UCB unit selec-
tion regarding 3/6 UCB, our conclusions should only apply
to HLA-A, HLA-B, and HLA-DRB1 or HLA-A, HLA-B, and
HLA-DR zero- to two-mismatched UCBT. Furthermore,
we may have underestimated the impact of HLA-match-
ing, since we did not have enough data to include low- or
high-resolution information on HLA-C matching, which

References

was recently reported to affect mortality.*®

In conclusion, we found that the effects of HLA dispar-
ity on transplant outcome differed between children and
adults. In children, an increased number of mismatched
HLA loci correlated with an increased risk of mortality.
These findings support the selection of a UCB unit with
HLA 6/6 followed by 5/6, consistent with the recommen-
dations from the US and Europe. In adults, there was no
increase in mortality with an increase in the number of
mismatched HLA loci. In this case, a UCB unit with up to
4/6 can be selected if transplant is urgently needed.
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: Key SIS Theoptimal treatments for relapsed acute promyelocytic leukemia (APL) remain equivocal.
AL 2 R & We conducted a phase 2 study ta evaluate the efficacy and feasibility of a sequential
* Woe conducted a phase 2 treatment consisting of induction and consolidation with arsenic trioxide (ATO), peripheral
study of ATO followed by blood stem cell (PBSC) harvest after high-dose cytarabine chemotherapy, and autologous
autologous HCT for relapsed | hematopoietic cell transplantation (HCT). Between 2005 and 2009, 35 patients (26 with

APL.
¢ This sequential treatment is
effective and feasible.

hematologic and 9 with molecular relapse) were enrolled. Induction therapy resulted in
camplete remission in 81% of those with hematologic relapse, and most patients became
negative for PML-RARa after the first ATQ consolidation course, but 4 remained positive.
Administration of the second ATQ consolidation course further decreased the transcript
levels in 3 patients. In total, 25 patients proceeded to PBSC harvest, all of whom successfully achieved the target CD34-+ cell doses, and
23 underwent autologous HCT with PML-RARx-negative PBSC graft. Posttransplant relapse accurred in 3 patients, and there was no
transplant-related mortality. With a median follow-up of 4.9 years, the 5-year event-free and averall survival rates were 65% and 77%,
respectively. These findings demonstrate the outstanding efficacy and feasibility of the sequential treatment featuring ATO and autologous

HCT for relapsed APL. This study was registered at hitp/www.umin.ac.jp/ctr/ as #C000000302. (Blood. 2013;121(16):3095-3102)

Introduction

Outcomes for acute promyelocytic lenkemia (APL) have improved
significantly since the advent of all-frans retinoic acid (ATRA), and
the recently introduced frontline therapy that combines ATRA and
chemotherapy can provide long-term complete remission (CR) for
a majority of patients with newly diagnosed APL."® Nevertheless,
relapse still occurs in ~20% of cases, for which arsenic trioxide
(ATO) has been shown to provide high CR rates exceeding 80%, ™
thus making it a current recommendation for reinduction ther-
apy.'™'! After returning to CR, autologous or allogeneic hemato-
poietic cell transplantation (HCT) for consolidating the CR status is
generally considered if the patient is eligible for the procedure.'®2
However, because there have been few prospective studies for this
very small patient population, the therapeutic approach after
achievement of second or subsequent CR is mostly based on findings
from retrospective studies.

In 2005, the Japan Adult Leukemia Study Group (JALSG)
initiated a phase 2 study entitled APL205R for patients with relapsed
APL.. The main purpose of this study was to evaluate the efficacy and

feasibility of a sequential treatment consisting of induction and con-
solidation with ATO, peripheral blood stem cell (PBSC) harvest after
chemotherapy using high-dose cytarabine (AraC), and autologous
HCT. This report presents and discusses the results of this study.

Methods

Patients

This study enrolled patients with relapsed APL between December 2005 and
June 2009. At least a single documentation of cytogenetic and/or molecular
evidence of t(15;17)/PML-RAR« was required at the time of entry. Eligibility
criteria consisted of age between 18 and 65 years; an Eastern Cooperative
Oncology Group performance status between 0 and 3; and adequate
functioning of the liver (serum bilirubin level <2.0 mg/L), kidneys (serum
creatinine level <2.0 mg/dL), lungs (Pao, =60 mm Hg or SpO, =93%), and
heart (no severe abnormalities detected on electrocardiograms). Patients who
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Table 1. Treatment schedule
Drug Dose Route Days
Induction
ATO 0.15 mg/kg IV (2 h) 1-*
IDA 12 mg/m? IV (30 min) t
MTX, AraC, PSL 15 mg, 40 mg, 10 mg IT : 5
Consollidation #1
ATO 0.15 mg/kg IV (2h) 1-25
MTX, AraC, PSL 15 mg, 40 mg, 10 mg T ¥
Consolldation #2
ATO 0.15 mg/kg IV (2 h) 1-25
MTX, AraC, PSL 18 mg, 40 mg, 10 mg IT -
Consolldation #3
AraC 2g/m? every 12 h vV @h) 1-4
PBSCH §
Autologous HCT
Busulfan 1 mg/kg, every 6 h po -6, -5, ~4
Melphalan 70 mg/m? IV (bolus) -8, ~2
PBSCT 0

IT, intrathecally; IV, intravenously; MTX, methotrexate; PBSCH, peripheral blood
stem cell harvest; PBSCT, peripheral blood stem cell transplantation; po, by mouth;
PSL, prednisolone.

*For induction, ATO was administered until complete remission or for 60 d,
whichever was shorter.

1IDA was added for 2 d if the WBC count exceeded 20.0 X 10%L before or
during the induction therapy, if the combined total count of myeloblasts and
promyelocytes in the peripheral blood exceeded 5.0 X 10%L before or during the
induction therapy, or if an extramedullary myeloid tumor was detected before the
induction therapy.

#$intrathecal injection was given when the platelet count recovered after the end
of the courses. PSL could be replaced with 4 mg of dexamethasone.

§PBSCH was performed when the WBC count had recovered.

had previously undergone autologous or allogeneic HCT were not eligible
for inclusion. Written informed consent was obtained from all patients prior
to registration. The protocol was reviewed and approved by the institutional
review board of each of the participating centers and was conducted in
accordance with the Declaration of Helsinki. This study is registered at http:/
www.umin.ac.jp/ctr/ as #C000000302.

Treatments

The treatments used during the study are summarized in Table 1. For remission
induction, ATO was administered by a 2-hour infusion at a daily dose of
0.15 mg/kg until CR or a maximum of 60 days. In addition, patients received
12 mg/m? of idarubicin (IDA) on days 1 and 2 if | or more of the following
criteria were met when the treatment was started: (1) the white blood cell
(WBC) count exceeded 20.0 X 10%L; (2) the combined total count of
myeloblasts and promyelocytes in the peripheral blood exceeded 5.0 X 10%L;
and (3) there was the presence of an extramedullary myeloid tumor. Patients
who showed evidence of criteria 1 and/or 2 after the start of induction therapy
were given 2 extra doses of 12 mg/m® of IDA at that point. Those who
achieved CR were scheduled to receive an additional 2 courses of ATO (0.15
mg/kg for 25 days) for consolidation. During ATO administration, a 12-lead
electrocardiogram, complete blood cell counts, and chemistry parameters
including the electrolytes were monitored at least twice a week, and the serum
potassium and magnesium levels were maintained above the lower limits of
normal. After the end of each ATO course, central nervous system (CNS)
prophylaxis was attained by means of intrathecal injection of methotrexate,
AraC, and corticosteroids (3 times in total). Patients with cytological evidence
of CNS leukemia received intrathecal injections twice a week simultaneously
with ATO, until complete clearance of leukemic cells in the cerebrospinal fluid
(CSF) had been achieved. Following the third course of ATO, patients pro-
ceeded to PBSC harvest. For this purpose, high-dose AraC was administered at
2 g/ for 3 hours twice daily for 4 days, and granulocyte-colony-stimulating
factor was initiated from day 6. Upon recovery, autologous PBSCs were har-
vested by means of apheresis. Patients who attained a target CD34+ cell dose
of 2.0 X 10%kg or higher were allocated to undergo autologous HCT unless
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PML-RAR« transcripts were detected in PBSCs. The conditioning regimen
consisted of busulfan (1 mg/kg orally every 6 hours on days —6 to —4) and
melphalan (70 mg/m® intravenously on days —3 to —2),'* whereas unpurged
autologous PBSCs were infused on day 0. The study flow is shown in Figure 1.

Assessments and definitions

Hematologic CR was defined as the presence of all of the following: <5% of
blasts in the bone marow, no leukemic blasts in the peripheral blood or
extramedullary sites, and recovery of peripheral blood counts. Hematologic
relapse was defined as the presence of at least 1 of the following: recuwrence of
>10% leukemic cells in the bone marrow, recurrence of any leukemic cells in
the peripheral blood, or development of extramedullary disease.® Molecular
relapse was defined as the reappearance of polymerase chain reaction (PCR)
positivity for PML-RAR« in a single bone mamow or peripheral blood sample
for this study. Prospective molecular monitoring was performed with the real-
time quantitative reverse-transcription PCR (QRT-PCR) assay in a single
independent laboratory. The PML-RAR« levels in bone marrow samples were
assessed at enrollment and after each course of therapy. Harvested PBSCs
were also subjected to the gRT-PCR assay. The number of transcript copies
was normalized by means of glyceraldehyde-3-phosphate dehydrogenase, and
then converted into molecules per g RNA. The threshold for quantification
was 50 copies per pg RNA, which corresponds to a sensitivity of 107%,
whereas levels below the threshold were differentiated into “not detected” and
“detected but not quantifiable,” and PCR negativity was categorized as “not
detected.”

For posttransplant engraftment, neutrophil engraftment was defined as
achievement of a neutrophil count of at least 0.5 X 10°/L for 2 consecutive
days, and platelet engraftment as achievement of a platelet count of at Jeast
30 % 10°/L, independent of transfusions for 2 consecutive days.

Statistical analysis

The primary end point was event-free survival (EFS) at 1 year after
registration, which was defined as the time from registration to failure to
achieve CR, relapse, death, or last visit, whichever came first. The expected
and threshold EFS rates at 1 year were estimated to be 50% and 20%,
respectively. The threshold EFS rate of 20% was determined based on
historical control data of fapanese patients with relapsed APL who were

Entry

Early death (N=1)

Induction: ATO
N=34

Adverse events (N=3)
l——-————o Persistent CNS disease (N=2)

MRD increase (N=1)
Consolidation #1: ATO
N=28

Allogeneic HCT (N=1)
Lost to follow-up (N=1)

Consolidation #2. ATO
N=26

k——-——-———-‘ Refusal fo continue (N=1}

Consolidation #3: HDAraC

=25
l MRD positivity in PBSC graft (N=1)
Prophylactic CNS irradiation (N=1)
Autologous HCT
N=23

Flgure 1, Patlent flow dlagram. HDAraC, high-dose cytarabine; MRD, minimal
residual.
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Table 2. Patient characteristics at enroliment
Characteristics Values
Age In years, median (range) 48 (20-84)
Gender, maleffemale 23/12
WEC count, x 10%L

Medlan (range) 2.6 (0.5-18.1)

s10/>10 341
Platelet count, x 10%L

Median (range) 79 (8-260)

=40/>40 9f26
Performance status, 0/1/2/3 27/8/0/2
Number of prior relapses, 1/2 323
Type of relapse, hematologic/molecular 26/9
Interval between primary diagnosis and enrofiment in years, 2.5 (0.8-11.0)

median (range)

treated with ATRA-based therapy.'* With a statistical power of 80% and a 1-
sided, type I error of 5%, the minimum number of 17 eligible patients required
for this study was calculated by means of binomial analysis. Allowing for
a premature dropout rate of 15%, we aimed for inclusion of at least 20 patients.
Primary end point analysis was performed with the Kaplan-Meier method for
the calculation of probability of EFS. The treatment was considered to be
effective if the lower limit of the 90% confidence interval (CI) exceeded the
threshold EFS (ie, 20%). Overall survival (OS) was defined as the time from
registration to death or last visit, and failure-free survival as the time from
registration to failure to achieve CR, withdrawal from study, relapse, death, or
last visit. Survival estimates and Cls were calculated with the Kaplan-Meier
method and Greenwood’s formula. The log-rank test was used for group
comparison.

Results
Patient characteristics

A total of 35 patients with relapsed APL were enrolled in this study.
Patient enrollment was allowed to exceed the originally planned
minimum requirement after having ensured it ethical to expand the
number of patients. Table 2 summarizes baseline characteristics of
the patients. There were 23 males and 12 females, with a median age
at enrollment of 46 years (range, 20-64 years). The median interval
between primary diagnosis and enrollment was 2.5 years (range,
0.8-11.0 years).

All of the patients had been initially treated with ATRA-based
therapy, and most of them in accordance with the protocols of JALSG
or modifications thereof.>!* Thirty-two patients were in first relapse,
and 3 in second relapse, with hematologic relapse accounting for 26,
and molecular for 9. None of the patients had received ATO before.

Induction with ATO

ATO was administered to all patients except for 1 who developed
intracranial hemomhage immediately after enrollment and suc-
cumbed to early death (unique patient number [UPN] 26). Of the
remaining 34 patients who underwent induction therapy, IDA was
added for 2 patients on days 1 and 2, and during the induction course
for 8 patients as per protocol. None of the patients developed
differentiation syndrome. Three patients discontinued the study due
to adverse events (grade 3 skin rash [UPN 10], grade 3 QT
prolongation [UPN 19], and grade 4 QT prolongation accompanied
by firequent ventricular premature contraction [UPN 23]). CSF
examination performed at the end of the induction therapy revealed
cytological evidence of CNS involvement in 4 patients, 2 of whom
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discontinued due to persistent CNS disease despite repeated
intrathecal injections (UPN 13 and UPN 33). Of the 26 patients
with hematologic relapse, 5 were taken off the study as mentioned
previously, whereas the other 21 (81%) achieved CR. Of the 9
patients presenting with molecular relapse, 7 proceeded to con-
solidation therapy, and 2 were withdrawn from the study because of
persistent CNS disease (UPN 13) or at the physician’s discretion
because the PML-RARa levels increased significantly after induction
therapy (UPN 29).

Consolidation with ATO

During the 2 consolidation courses with ATO, 3 patients were taken
off the study: 1 discontinued the protocol after the first consolidation
course to receive umbilical cord blood transplantation (UPN 1), 1 was
lost to follow-up after completing the first consolidation course (UPN
14), and the other refused to continue for unknown reasons after the
second consolidation course (UPN 30). None of the patients dis-
continued the study because of relapse or adverse events during this
phase of the treatment.

High-dose AraC and PBSC harvest

For PBSC harvest, 25 patients were given high-dose AraC as the third
consolidation therapy, and all of them attained the target CD34+ cell
doses of 2.0 X 10%kg. The median value of the CD34+ cell doses
was 6.5 X 10%kg (range, 2.0-42.2 X 10%kg). One patient (UPN 18)
whose PBSC sample was positive for PML-RAR« was taken off the
study because of ineligibility for autologous HCT as per protocol.
One other patient (UPN 3), who had documented CNS leukemia at
the end of induction therapy, but whose leukemic cells in the CSF
were completely cleared with intrathecal injections, was withdrawn
from the protocol at the physician’s discretion to undergo prophy-
lactic CNS irradiation. This patient received autologous HCT, but not
as part of this study, and subsequently suffered posttransplant relapse
in the CNS with fatal outcome. All of the other patients proceeded to
autologous HCT. No dropouts due to relapse or adverse events were
reported during this phase of the treatment.

Autologous HCT

The remaining 23 patients underwent autologous HCT as per
protocol. The median time until engraftment was 12 days (range,
11-39 days) for neutrophils and 15 days (range, 12-136 days) for
platelets. Posttransplant relapse occurred in 3 patients after a
median duration of 5 months (range, 3-6 months). There was no
transplant-related mortality.

Kinetics of the PML-RAR« transcript levels

The results of the serial QRT-PCR tests during the treatment are
summarized in Table 3. Most patients achieved PCR negativity after
the first consolidation, but 4 were still positive for PML-RARx at this
time, The PCR results turned negative after the second and third
consolidation in 1 patient each (UPN 25 and 17, respectively). Of the
2 patients who remained positive for PML-RAR« after the third con-
solidation, 1 (UPN 18) showed positive and the other (UPN 5) nega-
tive PCR test results for PBSCs. The latter underwent autologous
HCT with a PML-RARa~negative graft but relapsed 5 months after
transplantation.

Overall outcome

The probability of EFS was 77% at 1 year, with the 90% Cls ranging
from 63% to 86%, thus demonstrating that this study has met its
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Table 3. Kinetics of PML-RAR« transcript levels
After After After
After lidati lidation lidatlon

UPN Atentry induction # #2 #3

1 3000 N N Off study Off study

2 460 N N N N

3 80000 <50 N N N

4 4200 <50 N N NA

5 63000 28000 760 140 <50

8 32000 8000 N N N

7 16000 290 N N N

8 360000 <50 N N N

9 NA 1000 N NA N

10 NA Offt study Off study Off study Off study
1" 950 N NA N N
12 64000 50 N NA N
13 10000 7100 Off study Off study Off study
14 120000 400 NA Off study Off study
15 510000 180 N N NA
16 190000 <50 N N NA
17 95000 1800 110 110 N

18 67000 1800 480 390 280
19 130000  Off study Off study Off study Off study
20 450000 280000 N N N
21 140000 170 N N N
22 26000 61 N N N
23 24000  Off study Off study Off study Off study
24 730000 <50 N N N
25 1800 2500 <80 N N
26 440000 Off study Off study Off study Off study
27 NA 7800 N N N
28 NA 2600 N N N
29 510 6300 Off study Off study Off study
30 45000 65 N N Off study
3t NA 300 000 NA N N
32 NA 50 N N N
33 180000 NA Off study Off study Off study
34 20000 N N N N
35 150 000 10000 N N N

“Off study” indicates that the patient discontinued the study for reasons detalled
in the text.

The threshold for quantification was 50 copies per ug RNA, which corresponds
to a sensltivity of 10™%. The levels below the threshold were differentiated into “not
detected (N)” and “detected but not quantifiable (<50).”

N, not detected; NA, not assessed.

primary end point. Figure 2 shows Kaplan-Meier estimates for EFS
and OS. With a median follow-up for surviving patients of 4.9 years
(range, 0.3-6.3 years), the 5-year EFS and OS rates were 65% and
77%, respectively. The probability of failure-free survival was
estimated to be 59% at S years.

Discussion

Current comprehensive practice guidelines have provided recom-
mendations on the management of APL,'™'" but what the optimal
treatments for relapsed APL are remains equivocal. This is primarily
because of the lack of prospective studies due to the rarity of relapses
in APL, so that we initiated a phase 2 study for patients with relapsed
APL in 2005 to evaluate the efficacy and feasibility of a sequential
treatment featuring ATO and autologous HCT and enrolled 35
patients from 25 institutions nationwide. The treatment immediately
induced molecular remission in a majority of patients, and only 3
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patients were taken off the protocol because of adverse events
thronghout the entire study period, so that 23 patients conld receive
autologous HCT with a PML-RARo-negative PBSC graft. The 5-
year probabilities of EFS and OS for the entire cohort were 65% and
75%, respectively, Of note, the EFS curve reached a stable plateau
after 2 years from registration, These results have led us to conclude
that this sequential treatment is effective and feasible.

ATO is currently the most active agent available for APL.
Accumulated evidence has shown that >80% of patients with relapsed
APL can achieve CR with ATO monotherapy.” In addition to high
CR rates, the capability of this agent to induce molecular remission is
another significant advantage because molecular remission is a pre-
requisite for long-term disease control in APL and is thus considered
an important therapeutic milestone.'™'® By contrast, ATRA alone is
less likely to induce molecular remission, which results in this agent
being used generally in combination with intensive chemotherapy
rather than as monotherapy.'” Although high CR rates can be expected
for such combined use, this approach is limited by unsustained CR,
especially for patients with hematologic relapse, and, more impor-
tantly, by quite high toxicity.'®'® A retrospective study by Thomas
et al'® reported better survival for relapsed APL patients treated with
ATO-based therapy than for historical control patients treated with
ATRA-based therapy. The favorable safety profile of ATO is also an
important advantage, as was seen in our study, where only 3 patients
(8%) had to discontinue the protocol because of adverse events during
induction therapy. This ratio seems to be only slightly higher than that
observed in a US Intergroup study (5%).% It is further worth noting
that none of our patients developed differentiation syndrome. This
contrasts with a high incidence of this complication (25%) in the
American study.® It can be assumed that the additional use of IDA for
cases with high WBC counts may have contributed to reducing the risk
of differentiation syndrome in our cohort.

Although the beneficial effect of ATO for induction has been well
documented in relapsed APL, it is far less clear what the best con-
solidation strategy is after achieving CR. Previous studies showed
that patients who achieved second or subsequent CR with ATO but
did not receive transplantation thereafter had poor outcome; the
proportion of those remaining alive and relapse-free ranged from
22% to 37%."'7% Although some patients may remain in CR
without transplantation, overall prognosis is far from satisfactory,
and the outcome seems much better for those who receive autol-
ogous or allogeneic HCT.'”?® Owing to its posttransplant graft-
versus-leukemia effect, allogeneic HCT is generally considered the
most effective treatment of preventing relapse in acute myeloid
leukemia,?' In APL, however, the relapse rate after autologous HCT
may be quite low provided the patient is in molecular remission at the
time of transplantation.””* Given the lower risk of transplant-
related mortality with autologous HCT, the balance of benefits and
risks may well favor autologous HCT over allogeneic HCT. For
autologous HCT to be successful, it is imperative to reduce the tumor
burden substantially at the molecular level before transplantation.
For this reason, what constitutes an adequate number of cycles of
ATO therapy is a subject of clinical interest. Similar to the obser-
vation by the US Intergroup,® our study found that 2 courses of ATO
therapy induced most patients into molecular remission, although 4
patients remained positive for PML-RAR« after the second course
(ie, consolidation #1). Administration of the third ATO course
reduced the transcript levels in 3 of the patients, whereas the level
stayed unchanged in the remaining patient. It was possible to
administer the third course of ATO because none of the 26 patients
who had received this course had to withdraw from the study due to
relapse or adverse events. These findings lead us to consider that



From bloodjournal. hematologylibrary. org at MEDICAL LIBRARY OF NAGOYA UNIV on April 23, 2014, For personal use

only.
BLOOD, 18 APRIL 2013 * VOLUME 121, NUMBER 16 ATO FOLLOWED BY AUTOLOGOUS HCT FOR RELAPSED APL 3099
Figure 2. Kaplan-Meler curves for EFS (A) and OS 8
{B). The probabilities of EFS and OS for the entire ]
cohort (N = 85) were 85% and 77% at 5 years, e
respectively.
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administration of a total of 3 courses of ATO before PBSC collection
is feasible.

For the PBSC-mobilizing regimen, we chose high-dose AraC,
hoping it would produce highly efficient mobilization as well as exert
a systemic antileukemic effect. The fact that all the 25 patients un-
dergoing this procedure successfully achieved the target CD34+ cell
doses has convinced us of the usefulness of this regimen. In addition,
high-dose AraC is known to provide good coverage of the CNS,
the most common site of extramedullary involvement in APL.2%%
Above and beyond our expectations, routine CSF examination at the
end of the induction therapy identified 4 patients with cytological
evidence of CNS involvement, although they did not show any CNS-
related symptoms. This suggests that high-dose AraC may also play
a part in protecting against the potential risk of subsequent CNS
relapse for these patients.

Except for 1 patient whose PBSC sample was positive for PML-
RARa and another who was withdrawn from the study to receive
off-protocol prophylactic CNS irradiation, all the remaining patients
who had undergone PBSC harvest proceeded to autologous HCT

Years after registration

without any subsequent transplant-related mortality. This contrasts
with a previous prospective study conducted before the advent of
ATO, in which a combination of ATRA and intensive chemother-
apy was used.”® In that study, severe toxicity of induction therapy
precluded the subsequent conduct of PBSC harvest or autologous
HCT for some patients, and nearly 10% of the autografted patients
suffered transplant-related mortality. These results highlight the
need for active and less toxic therapies that give patients a better
chance to proceed to and receive autologous HCT safely. For this
reason, ATO can be considered to be an ideal treatment because of
its strong antileukemic effect and favorable safety profile.
Although relatively few patients were analyzed in our study, to
our knowledge this is the first prospective study to evaluate the use
of ATO in conjunction with autologous HCT for relapsed APL. The
results presented here provide evidence of the outstanding efficacy
and feasibility of the sequential treatment consisting of induction
and consolidation with ATO, PBSC harvest after high-dose AraC
chemotherapy, and autologous HCT. For patients who are not
eligible for this strategy, such as those for whom autologous HCT is
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not suitable or whose PML-RAR« levels do not decrease sufficiently
during treatment, other treatment approaches need to be investigated
that incorporate, for example, allogeneic HCT,2**° gemtuzumab
ozogamicin,*®*' tamibarotene,* or novel agents. It is desirable that
such studies can be conducted prospectively. Finally, we should
remember that the incorporation of ATO into initial therapy is
expected to further improve the outcome for newly diagnosed
APL,*** which will hopefully lead to reduction in the number of
patients who require salvage therapy.
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