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ABSTRACT

Based on molecular aberrations, in particular the NPM1 mutation (NPA1™) and the FLT3 internal tandem dupli-
cation (F/t3-ITD), prognostic subgroups have been defined among patients with acute myeloid leukemia with nor-
mal karyotype. Whereas these subgroups are known to play an important role in outcome in first complete remis-
sion, and also in the indication for allogeneic stem cell transplantation, data are limited on their role after trans-
plantation in advanced disease. To evaluate the role of molecular subgroups of acute myeloid leukemia with nor-
mal karyotype after allogeneic stem cell transplantation beyond first complete remission, we analyzed the data
from 141 consecutive adults (median age: 51.0 years, range 18.4-69.3 years) who had received an allogeneic trans-
plant either in primary induction failure or beyond first complete remission. A sequential regimen of cytoreductive
chemotherapy (fludarabine, high-dose AraC, amsacrine) followed by reduced intensity conditioning (FLAMSA-
RIC), was uniformly used for conditioning. After a median follow up of three years, overall survival from trans-
plantation was 64+4%, 53+4% and 44+5% at one, two and four years, respectively. Forty patients transplanted in
primary induction failure achieved an encouraging 2-year survival of 69%. Among 101 patients transplanted
beyond first complete remission, 2-year survival was 81% among patients with the NPA11™/FLT3" genotype in
contrast to 43% in other genotypes. Higher numbers of transfused CD34" cells (hazard ratio 2.155, 95% confi-
dence interval 0.263-0.964, P=0.039) and favorable genotype (hazard ratio 0.142, 95% confidence interval: 0.19-
0.898, P=0.048) were associated with superior overall survival in multivariate analysis. In conclusion, patients with
acute myeloid leukemia with normal karyotype can frequently be rescued after primary induction failure by allo-
geneic transplantation following FLAMSA-RIC. The prognostic role of NPM1™/FLT3-ITD based subgroups was
carried through after allogeneic stem cell transplantation beyond first complete remission.

Introduction viding insight into leukemogenesis and allowing for the defi-
nition of distinct subgroups of CN-AML with different sensi-

Acute myeloid leukemia with normal cytogenetics (CN-  tivity to treatment and prognosis.! Among the numerous
AML) is diagnosed in more than 40% of AML patients. Over  aberrations described, three somatically acquired mutations
recent years, a variety of gene mutations and deregulated are currently recommended for analysis in clinical trials and
expression of genes and microRNA have been described, pro-  routine practice: mutations in the nucleophosmin 1 gene
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(NPM 1™ affecting 45-54% of CN-AML), mutations in the
myeloid transcription factor CEBPA (affecting 10-18% of
CN-AML), and internal tandem duplications of the fis-
related tyrosine kinase 3 gene (FLT3-ITD, observed in 28-
34% of CN-AML).” Patients combining NPA11"™* and wild
type of FLT3", and patients with a biallelic CEBPA muta-
tion have a better prognosis. In contrast, CN-AML with
FLT3-ITD, or with negativity for both FLT3-ITD and
NPM 1™ represent unfavorable subgroups with poorer
outcome.**

Allogeneic transplantation of hematopoietic stem cells
(alloHSCT) has been evaluated as consolidation therapy in
first complete remission (CR1) for molecularly defined
sub-entities of CN-AML. Recently, the European Bone
Marrow Transplantation Group (EBMT) has shown a neg-
ative influence of FLT3-ITD after related and unrelated
alloHSCT in CR1.° In a large German study’ the availabil-
ity of a related donor for alloHSCT was associated with
improved overall survival (OS) in CR1 in patients with an
unfavorable (high-risk) genotype (FLT3-ITD with or with-
out NPM1™, or NPM1**/FLT3"), but not in patients with
favorable genotype (the role of CEBPA was not evaluated
due to limited numbers). Similar results had been reported
by others® although the issue remains controversial.”

In contrast to CR1, few studies have addressed the role of
molecular markers in relapsed patients or patients with pri-
mary induction failure (PIF), although the cumulative inci-
dence (CI) of PIF and relapse in CN-AML is around 15%
and 44%, respectively." Recently, the favorable genotype
was shown to maintain a good prognosis in relapsed and
refractory AML after gemtuzumab-ozogamicin based ther-
apy,® whereas FLT3-ITD retained its negative prognostic
value in two series of relapsed patients which both included
a limited number of patients receiving salvage alloHSCT.*"
Here, we present the results of a large cohort of patients
who had all received the FLAMSA-RIC regimen before
alloHSCT for CN-AML, either in PIF or beyond CR1. The
study aimed to further evaluate the role of the most com-
mon molecular aberrations in this setting, and to determine
the efficacy of FLAMSA-RIC based alloHSCT in clinically
and molecularly defined patient subgroups.

Design and Methods

Patients

In 1999, a preparative regimen for alloHSCT in high-risk AML,
comprised of a sequence of cytoreductive chemotherapy [fludara-
bine, high-dose AraC (HiDAC), and amsacrine, (FLAMSA)] and
reduced intensity conditioning (RIC) was introduced."" Over the
following years, a registry was established for patients receiving
FLAMSA-RIC to allow for specific analysis against the background
of a uniform conditioning. So far, more than 700 patients have
been reported by 16 centers where this protocol was used for all
consecutive patients with high-risk AML. For the present analysis,
all consecutive patients who had undergone alloHSCT for
advanced CN-AML and had information on mutational status of
FLT3 and NPM1 at time of diagnosis available, were selected from
the database. As in other studies,”"” the number of patients with
the CEBPA™ genotype was low, which is why the role of this
favorable subgroup could not be evaluated. No other selection cri-
teria were used. The outcome of 18 previously published
patients"” was updated as of October 15, 2011. Review of submit-
ted data, personal contact with the treating physicians, and repeat-
ed visits in the reporting centers guaranteed quality of data.

Treatment

Salvage treatment for relapse or PIF was at the respective cen-
ters’ discretion. The FLAMSA-RIC regimen has been described
previously.'" In brief, fludarabine (30 mg/m?), HIDAC (2 g/m?), and
amsacrine (100 mg/m’®) were applied from Day -12 to Day -9. After
three days of rest, 4 Gy total body irradiation (TBI) on Day -5,
cyclophosphamide (40 mg/kg for related, 60 mg/kg for unrelated
or mismatched transplants) on Days -4 and -3, and rabbit anti-thy-
mococyte globulin (ATG Fresenius; 10 mg/kg for related, 20 mg/kg
for unrelated or mismatched transplants) from Day -4 to Day -2
were given. Intravenous (iv) busulfan (8 x 0.8 mg/kg) was substi-
tuted for TBI in patients not eligible for TBI. For transplantation, G-
CSF mobilized peripheral blood stem cells (PBSC) were preferred;
bone marrow (BM) was also accepted. Graft-versus-host disease
(GvHD) prophylaxis consisted of cyclosporine and mycophenolate
mofetil (2 x 15 mg/kg). Rapamycin could be substituted for
cyclosporine according to the centers’ preference. Supportive med-
ication followed local standards. From Day +120, prophylactic
transfusion of donor lymphocytes (pDLT) was recommended in
patients in remission, without infection, and free of GvHD after 30
days off immunosuppression. The initial cell dose was 1x10° CD3
cells/kg; in the absence of GvHD, pDLT was repeated up to 3
times, with 5- to 10-fold increase in cell dose per transfusion.

Evaluation and definition

Disease response,”’® HSCT-related risk," and GvHD" were
classified as recommended. As proposed by Schlenk and co-
workers, """ molecular subgroups were defined on the basis of the
mutational status of NPAI1 and the presence or absence of FLT3-
ITD and CEBPA™: The favorable group was defined by presence
of an NPM1 mutation in absence of FLT3-ITD. As described
above, the CEBPAmut genotype was not observed in enough
patients to include this subgroup into the analysis. Conversely, the
unfavorable genotype was defined by absence of CEBPA™ and
either NPVI1™/FLT3-ITD, NPAM1*/FLT3-ITD, or NPM1*/FLT3™.
As suggested, primary induction failure was defined as persistence
of more than 5% blasts in BM or detection of circulating blasts,
following either two courses of conventional induction
chemotherapy, or induction chemotherapy including at least one
course of HIDAC (i.e. >1 g/m”/d) with or without a second course
of conventional or HIDAC-based chemotherapy.”'*'*" Relapse
was defined by reappearance of blasts in peripheral blood (PB), by
any leukemia infiltration outside the hematopoietic system, or by
BM infiltration of more than 5% blasts. Refractory relapse was
defined by circulating blasts or more than 5% BM blasts following
at least one course of salvage chemotherapy.

Date of neutrophil engraftment was defined as the first of two
consecutive days with a PB neutrophil count over 0.5 x 10°/L. Date
of platelet engraftment was defined as the first of three consecutive
days with a platelet count over 20 x 10°/L without transfusion.
Disease response and chimerism were assessed by Day +30. Since
platelet regeneration could be postponed by factors other than
leukemia and cytotoxic therapy (i.e. GVHD, drugs, viral infection),
CR after transplantation was defined by less than 5% blasts without
evidence of dysplasia in BM, and more than 1500 neutrophils/uL in
PB. Non-relapse mortality (NRM) after HSCT was defined as death
from any reason in the absence of leukemia, whereas death with
persisting leukemia after alloHSCT or after post transplant relapse
was classified as leukemia-associated death (LAD).

Cytogenetics and molecular genetic analysis

Chromosome analysis was performed using short-term cultures
following standard protocols.” The chromosomes were interpret-
ed according to the International System for Human Cytogenetic
Nomenclature.”
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® Molecular analyses were performed according to the local stan-  Table 1. Characteristics of 141 patients undergoing allogeneic HSCT for advanced
dard at each center following published protocols.**** AML.
Beyond CR1
Statistical analysis First First (V)
Cumulative incidence of LAD and NRM after HSCT were untreated refractory
simultaneously calculated, accounting for competing risks. relapse* relapse
Overall survival (OS) was calculated from day of transplant to N
: . umber
day of death or last follow up. Leukemia free survival (LFS) was . 141 40 51 39 1
calculated from day of transplant to day of relapse or death in
remission. OS and LES were estimated using the Kaplan-Meier
method. The log rank test and a Cox’s model were used for analy- Age (year, median, 3l 4 o4 49 48
sis of risk factors for time-to-event variables. Hazard ratio (HR) and range) (18-69) (18-66)  (23-68) (22-68)  (22-69)
95% confidence interval (CI) were reported. R version 2.14.1 and ~ Patient gender
SPSS version 18 (SPSS Inc., Chicago, IL, USA) software were used. male 70 26 20 18 6
female 71 14 31 21 5
Study conduct Donor gender
The study was performed according to the modified Declaration male 72 18 33 15 6
of Helsinki, and was approved by the local institutional review female 51 16 14 16 5
board. Written informed consent for inclusion of data into national missing 18 6 4 8 0
and international registries was obtained from all patients. Donor type
HLAid 38 10 18 9 1
mismatched family 3 0 2 1 0
Results matched unrelated 72 17 24 23 8
mismatched unrelated 28 13 7 6 2
We analyzed 141 consecutive patients (median age  Molecular subgroups
51.0 years, range 18.4-69.3 years) transplanted in pri- favorable
mary induction failure (PIF, n=40), or beyond CRI1 NPMI1™/FLT3" 13 3 3 7 0
(untreated first relapse, n=51; refractory first relapse, unfavorable
n=39, CR2, n=11). Fourteen had a favorable and 127 an NPMI™/FLT3-ITD 18 3 11 3 1
unfavorable genotype. Patients’ characteristics are  NPMIY/FLT3-ITD 3 9 12 11 1
shown in Table 1. unfavorable
NPMI"/FLT3* 7 25 25 18 9
Courses of conventional
Response and outcome chemotherapy prior to HSCT
After alloHSCT, 127 patients (90%) achieved CR, with 1 7 3 1 2 0
no differences with respect to genotype or stage at HSCT. 2 45 29 16 0 0
Seven patients (5%) each died in aplasia or showed refrac- 3 24 6 13 > 1
tory disease after HSCT. Median time to engraftment of 4 - - 11 7 2
both neutrophils and platelets was 16 days. Median follow >4 39 0 6 % 8
up among 67 survivors was 36 months. OS at one, two missing 4 0 4 0 0
and four years was 64+4%, 53+4% and 44+5%, respec- ~ CMVserostatus (pt/don)
tively; the respective LES was 58+4%, 48+4% and  Deghneg 3 10 15 > 5
40+4%. OS and LES were superior after alloHSCT in PIE,  Pos/nes 33 10 11 8 4
as compared to transplantation beyond CR1 (P=0.013,  N€g/pos 8 3 3 2 0
HR=2.097, 95%ClL: 1.17-3.759 for OS, P=0.017, HR 1.997, ~ Pos/os %8 15 19 2 2
95%ClI: 1.131-3.525 for LES, Figure 1). Forty-three patients -~ MS$ing8 i 2 E ! !
(34% of responders) relapsed. Cumulative incidence of  Circulating blasts
LAD and NAM was 552% and 822% at Day 100, and 10 Sl loa UGm) 0am) 11
28+4% and 18+3% at two years (Figure 2). Causes of ~ Y& (% 0 0 0 0
NRM were infections (nzlé%l, acuEe gor chr)onic GvHD %blasts in BM, 13% (1-98) 2% (2-89) 5% (1-76) 6% (1-98) ~ na.
(n=5), GVHD + infection (n=4), and other reasons (n=6). mfedl.an.(range) 2 5 " 5 0
AGvHD grades I, II, IIl and IV occurred in 30%, 16%, 8% MISSIng 0.
and 6% of patients at risk, respectively, aGvHD of grade ~ Bone marrow blasts
[II/IV was associated with higher NRM (P=0.011) and % median (range) 13 (0-100) 16 (4-90) 30 (4-100) 50 (3-%5)  <5%
inferior OS (P=0.004). Twenty-four percent and 22% of ~ ~ MiSSINg 13 ! b 6 0
patients alive by Day 100 developed limited and extensive ~ Duration of CR1
cGvHD, respectively. CGvHD was associated with lower — days, median (range) n.a. 185; 240; 426;
incidence of relapse (P=0.034) and LAD (P=0.001), and (37-1553)  (59-762) ~ (31-1046)
superior OS (P=0.01). Effects of both aGvHD and cGvHD  EBMT risk score(14)
were observed without significant differences across all 1 0 0 0 0 0
disease stages and molecular subgroups. 2 0 0 0 0 0
Thirty-four patients (24% of the entire cohort) fulfilled 3 o 0 2 1 2
the criteria for pDLT and received one (n=13), 2 (n=6) and 4 36 13 14 7 2
3 (n=15) transfusions. Development of GvHD and relapse >4 9 a i 2 [
were reasons for giving less than 3 transfusions. missing 4 0 ! 2 0

-“ haematologica | 2013; 98(4)



Molecular subgroups in alloHSCT for advanced AML with normal karyotype -

continued from previous page

Conditioning**
FLAMSA-4Gy-Cy, 121 36 39 36 10
no(%) (86%) (90%) (80%) (92%) (91%)
FLAMSA-Bu8-Cy, 20 4 12 3 1
no (%) (14%) (10%) (20%) (8%) (9%)
CD34" cells / kg ***
10°CD34+/kg, (range) 7.1; 72; 70; 6.8; 72;

(L1346 @2153) (30346 (26200 (23-153)

*10 patients had received low-dose AraC for control of leukemic proliferation during preparation for
alloHSCT. ** Substitution of Busulfan for vTBI was allowed per protocol. Reasons for the use of i.v.
busulfan instead of TBI were a history of prior irradiation, patient decision, and older age. Fatients
receiving busulfan were older (median age: 61 vs. 51 years,P=0.06),all other characteristics including
genotype and stage at transplantation were equally distributed. ***Data restricted to PBSC recipients.
Note: as allowed per protocol, 13 patients received rapamycin instead of cyclosporine for prophylactic
immunosuppression, according to the centers’ preference. All risk factors were equally distributed
among patients receiving rapamycine or cyclosporine. HSCT: hematopoietic stem cell transplantation;
AML: acute myeloid leukemia, PIF: primary induction failure; CR: complete remission; n: number; y:
years, HLA id: human leukocyte antigen identical, CMV: cytomegalovirus; EBMT: European Group of
Blood and Marrow Transplantation; Gy: Gray; Bu: intravenous busulfan; Cy: cyclophosphamide; CD:
cluster of differentiation.

Transplantation in primary induction failure

Among 40 patients fulfilling the definition of primary
induction failure (PIF), 8 had received two cycles of con-
ventional induction, 3 had received one course of HIDAC-
based chemotherapy, and 29 had received more than one
course, including at least one HiDAC-based course. A
median of two cycles was given before FLAMSA-RIC. At
start of FLAMSA, 59% of patients had circulating blasts
(median 22%, range 2-89%), median percentage of blast
in BM was 15.5% (range 4-90%). Following alloHSCT,
one patient each died in aplasia and from persisting AML;
38 achieved CR. Relapse occurred in 8 responders at a
median of 7.8 (range 1.9-49.8) months from transplanta-
tion. OS/LES at two and four years were
69%=+7 %/63+8%, and 68+7%/58+9%, respectively
(Figure 1). Two-year cumulative incidence of both LAD
(15+£6%) and NRM (10+5%) were low. Thirteen patients
had received pDLT; only one of them relapsed.

Only 3 of 40 patients had a favorable genotype, preclud-
ing the analysis of the role of the predefined molecular
subgroups after alloHSCT for CN-AML in PIE There was
a trend for superior outcome in patients without an FLT3-
ITD (2-year OS: 80+/-9% vs. 56+/-15% in patients with an
FLT3-ITD, P=0.093, HR: 2.552, 95%CI: 0.821-7.923) and
in patients without circulating blasts at start of condition-
ing (2-year OS: 97% vs. 61%, P=0.085, HR=3.848, 95%
CI: 0.8294-17.874). The following factors had no influence
on outcome: gender and age of patient and donor, type of
donor, use of HIDAC prior to conditioning, CMV status,
the EBMT risk score," percentage of blasts in BM before
conditioning, type of conditioning (4Gy TBI/Cy vs. busul-
fan/Cy) and CD34" cell counts in the transplant.

Transplantation beyond CR1

Among 101 patients undergoing alloHSCT beyond first
remission, CR was achieved after alloHSCT in 92%, 82%,
and 91% of patients transplanted in untreated relapse,
refractory relapse or CR2, respectively (P=0.42). OS/LES
from transplantation of the entire cohort was
45+£5%/40+£5% at two years, and 36+5%/33+5% at four
years (Figure 1). In comparison to HSCT in PIE both
increased rates of LAD (41+6%) and NRM (33+6) were
responsible for treatment failure. Patients in CR2 achieved
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Figure 1. Overall survival (in black) and leukemia free survival (in
gray) after allogeneic HSCT for 141 patients with CN-AML as of stage
at transplantation. Patients transplanted in primary induction failure
(PIF, solid curves) achieved superior 0S (P=0.013) and LFS
(P=0.017) as compared to patients transplanted beyond CR1
(dashed curves).
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Figure 2. Cumulative incidence of leukemia-associated death (solid
curve) and non-relapse mortality (dashed curve) among 141
patients transplanted for advanced CN-AML.

an OS of 73%, whereas outcome of patients in both
untreated and refractory relapse was inferior (P=0.07, HR
2.927,95% CI: 0.941-9.371; Figure 3A).

At start of conditioning, there was a significant differ-
ence in patients’ characteristics among the molecular sub-
groups (Table 2). Patients with a favorable genotype had
experienced a longer remission (P<0.001) and presented
with less circulating blasts (P<0.001) and lower blast
counts in BM (P=0.032). Differences were most pro-
nounced in comparison to patients with an FLT3-ITD,
regardless of the presence or absence of NAIP1™. With
respect to OS from HSCT, patients with a favorable geno-
type achieved a superior outcome in comparison to all
other genotypes (2-year OS: 80.8% vs. 41.9%; Figure 3B).
Outcome was comparable among the double negative




patients (NPM1*/FLT3") and those with an FLT3-ITD
(with or without NMP1™; P=0.360). In a multivariate
Cox’s model for OS from alloHSCT, a CD34" cell content
in the graft above the median of 6.8 x 10%kg (HR: 2.155,
95% CI: 0.263-0.964, P=0.039), the molecular subgroup
(favorable vs. unfavorable, HR: 0.142, 95%CI: 0.19-0,898,
P=0.048) and presence of extramedullary manifestation of
AML (HR=2.17, 95%CI: 0.96-2.4.894, P=0.062) were the
most important variables (Table 3). pDLT could be given
to 22 patients (22%), with no difference between molecu-
lar subgroups. Among pDLT recipients, 8 patients relapsed
at a median of 23 months from alloHSCT.

Discussion
This study analyzed the efficacy of the FLAMSA-RIC

regimen and the role of molecular subgroups for outcome
after allogeneic HSCT in advanced CN-AML. Promising
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Figure 3. Overall survival from HSCT in 101 patients transplanted
beyond CR1. (A) OS as of stage at HSCT [CR2 (dotted curve), untreat-
ed relapse (solid curve) and refractory relapse (dashed curve)]. (B)
0S as of molecular subgroups [favorable genotype (NPM1™/FLT3",
solid curve), versus unfavorable genotypes (NPM1“/FLT3", dotted
curve, or FLT3-ITD with or without NPM1™, dashed curve)]
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results were observed after transplantation in PIE In
patients transplanted beyond CR1, the prognostic signifi-
cance of molecular subgroups, originally developed to esti-
mate the individual prognosis at time of diagnosis,* was
confirmed, as shown both by the different patients’ char-
acteristics at relapse and transplantation, and by the differ-
ences in outcome among patients with various genotypes.
Similar data have been reported in a smaller cohort of
patients with FLT3-ITD,” but so far not in patients with
double negative (NPM1*/FLT3*) CN-AML.

Considering the intrinsic limitations of a retrospective
analysis, several steps have been taken to assure data qual-
ity: i) the uniform use of FLAMSA-RIC as standard regi-
men for all consecutive patients with advanced AML in
the participating centers excluded a frequent bias of retro-
spective studies in HSCT, in which non-myeloablative,
RIC, and standard regimen are often mixed; ii) a strict def-
inition for PIF according to published guidelines®*"® was
applied, assuring a homogeneous cohort that had failed
double induction and/or HIDAC-based chemotherapy; iii)
median follow up was three years from HSCT in all sub-
groups, covering the vast majority of expected events,
which in advanced AML are usually seen within two
years;” iv) repeated questionnaires were completed, per-
sonal visits were made to centers, and direct contact with
the treating physicians was maintained.

Nevertheless, the study still has some limitations. First,

Table 2. Characteristics at time of relapse and transplantation among 101
patients with different molecular subtypes transplanted beyond CR1.

Favorable genotype  Unfavorable genotype
NPM1™/FLT3*  FLT3-ITD NPM1"/FLT3"
withor without
NPM1™
Total n=101 11 38 52
Remission duration
median/range (d) 360 (191-1551) 141 (31-822) 284 (53-1065)  0.000
<3 months; n. (%) - 16 (45%) 6 (13%)
3-6 months n. (%) - 7 (19%) 6 (13%)
>6 months n. (%) 9 (100%) 13 (36%) 35 (14%)
missing (n.) 2 2 5
Circulating blasts
no; n. (%) 5 (56%) 3 (10%) 23 (56%) 0.000
yes; 0. (%) 4 (44%) 26 (90%) 18 (44%)
median/range (%) 32 (1-91) 19 (1-96) 6 (1-98%)
missing (n.) 2 9 11
Blasts in bone marrow
median/range (%) 17 (0-91) 49 (0-90) 16,5 (0-100) 0.032
<20%; n. (%) 5 (56%) 9 (25%) 23 (52%)
>=20%; n. (%) 4 (44%) 27 (15%) 21 (48%)
missing (n.) 2 2 8
Donor
HLAid sibling;n. (%) 3 (27%) 15 (39%) 10 (20%) 0.485
1 Ag mm sibling; n. (%) - 1 (3%) -
MUD; n. (%) 7 (63%) 16 (42%) 33 (65%)
1 Ag mMUD; n. (%) - 6 (16%) 8 (16%)
Stage at HSCT
untreated first relapse 3 (27%) 23 (61%) 25 (48%) 0.078
refractory first relapse  7(64%) 14 (37%) 18 (35%)
CR2 1 (9%) 1 (2%) 9 (17%)

mm: mismatched; MUD: matched unrelated donor, mMUD mismatched unrelated donor; explana-
tions for further abbreviations are provided in Table 1.
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the molecular status was analyzed as determined at diag-
nosis rather than at relapse. However, NPAI1 has been
shown to be relatively stable during the course of AML,
and can reliably be used as a marker for minimal residual
disease (MRD) and relapse.””® FLT3-ITD is less stable and
is more difficult to monitor, but de novo acquisition at a
later stage is rare.**”® Second, the mutant/wild-type ratio
and the FLT3-ITD insertion site were not systematically
determined. Both parameters have been shown to influ-
ence outcome after conventional chemotherapy and
alloHSCT in CR1.**" Although there are no published
data addressing their role in advanced disease, integration
into the regular monitoring might be useful. Restriction to
the analysis of NPAM 1™ and FLT3-ITD is another limita-
tion. However, these are the two most common and most
intensively studied markers, and are both recommended
for routine clinical practice.” In contrast, the clinical rele-
vance and mutual interaction of a variety of mutations
(NRAS, IDH1/2, TET2, DNMT3A) or altered gene expres-
sion levels (BAALC, WT1, ERG, EVI1) is not completely
clear, meaning these markers still only have investigational
status.”” Furthermore, in a recently published multivari-
able scoring system for CN-AML® 92% of the patients
classified as high-risk could be identified by a high-risk
NPMA1/FLT3-ITD status.

According to our data, CN-AML patients in PIF have a
relatively favorable prognosis following FLAMSA-RIC and
alloHSCT, with 69% being alive at two years from
alloHSCT. A better outcome after transplantation in PIF as
compared to early relapse has been observed in a large
CIBMTR study;” this difference might be more pro-
nounced in CN-AML. High-risk clinical characteristics
(80% of patients resistant to HIDAC, circulating blasts at
start of conditioning in 59 %, EBMT risk score >3 in 100%)
argue against a selection bias in this cohort transplanted in
PIE Unfortunately, limited numbers precluded a meaning-
ful analysis of risk factors after alloHSCT in PIE Since 37
of 40 patients showed a genotype other than the favorable
NPM1™/FLT3", the role of the predefined molecular sub-
groups could not be evaluated either. Among the unfavor-
able genotypes, patients with NPA1**/FLT3* achieved an
OS of 80% at two years from alloHSCT in PIE whereas
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OS was 56% in patients with FLT3-ITD. Nevertheless,
these results still compare favorably to published data in
refractory FLT3-ITD* AML. A median of two chemother-
apy cycles was given prior to FLAMSA-RIC. Results after
alloHSCT wrere identical, whether or not the patients had
received HiDAC-based induction or salvage. Hence, the
sequence of initial cytoreduction applied by FLAMSA, fol-
lowed by an allogeneic graft-versus-leukemia reaction
applied by the graft, can be effective even in CN-AML not
achieving CR after HIDAC-based chemotherapy alone.
Furthermore, early transplantation instead of repeated
attempts for remission induction might improve the
results of alloHSCT, once the definition of PIF is ful-
filled.”" Repeated courses of chemotherapy have even
been suggested to promote relapse or more aggressive dis-
ease in FLT3-ITD* CN-AML.*

In patients transplanted beyond CR1, the different biol-
ogy of the molecular subgroups was reflected by signifi-
cant differences in characteristics at relapse and start of
conditioning (Table 2). Within the favorable subgroup,
patients’ characteristics (longer CR1, lower numbers of
blasts in BM and PB) indicated a less aggressive disease in
spite of having relapsed. In contrast, patients with an unfa-
vorable genotype showed a significantly shorter CR,
including a remission of less than six months in 39% of
patients who would have been regarded as primary refrac-
tory by many groups.'*®* Moreover, the FLT3-ITD* sub-
group was characterized by a higher number of patients
with circulating blasts, and a higher leukemia burden in
BM. As compared to the favorable genotype, OS and LES
after HSCT beyond CR1 were clearly inferior among
patients showing an unfavorable genotype at time of diag-
nosis. No significant differences were observed among
patients with double negative genotype and those harbor-
ing an FLT3-ITD. Consequently, the genotype at diagnosis
was a decisive factor for OS after alloHSCT beyond CR1
in a multivariate analysis. Similarly, a higher CD34" cell
content in the graft was advantageous for OS, as it has
been shown previously in advanced AML.”¥ No single
explanation could be found within our data. However,
higher CD34" cell counts showed a trend for association
with more cGvHD (cumulative incidence 38% vs. 20%,

Table 3. Analysis of risk factors for overall survival among 101 patients transplanted for CN-AML beyond CR1.

Univariate Multivariate
HR 95% confidence interval P HR 95% confidence interval

Patient age (<>median) 1.067 0,639-1.782 0.804 n.d.
Patient sex (female vs. male) 1,048 0.810-1.358 0.72 n.d.
Extramedullary disease (yes vs. no) 1.846 0.953-3.573 0.069 2.17 0.962-4.894
Molecular subgroup (NPM1mut/FLT3wt vs. other) 0.239 0.058-0.979 0.047 0.142 0.19-0.898
Duration of CR1 (<> 6 months) 0.591 0.348-1.004 0.052 0.591 0.307-1.138
Stage at HSCT (CR2 us. active disease) 2.927 0.914-9.371 0.07 0.735 0.185-2.929
Blasts in BM (<=20% vs. >20%) 0.683 0.384-1.214 0.194 n.d.
Circulating blasts (no vs. yes) 1.749 0.951-3.214 0.072 1.233 0.615-2.474
Type of donor (HLA id sibling vs. other) 0.871 (.498-1.532 0.632 n.d.
Donor sex (female vs. male) 0.64 0.399-1.150 0.139 n.d.
CMV status (-/- vs. other) 1.231 0.671-2.255 0.502 n.d.
Conditioning (TBI vs. Bu) 0.750 0.356-1.579 0.449 n.d.
CD34* (<> median) 0.616 0.354-1.073 0.087 2.155 0.263-0.964

Abbreviations are provided in Table 1.
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