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Abstract

Background: Acute myeloid leukaemia (AML) with 17p abnormalities (abn(17p)) carries a very poor prognosis due
to high refractoriness to conventional chemotherapy, and allogeneic stem cell transplantation (allo-SCT) appears as
the only potential curative option.

Methods: To address outcomes after allo-SCT in patients with abn(17p), we retrospectively analysed de novo or
secondary AML undergoing SCT between 2000 and 2013 from the EBMT registry.

Results: One hundred thirty-nine patients with confirmed abn(17p) have been selected. At the time of transplant,
one hundred twenty-five were in first remission (CR1). Median age was 54 years old. Abn(17p) was associated with
a monosomal karyotype in 83% of patients, complex karyotype in 91%, monosomy 5 or 5q deletion (-5/5q-) in 55%,
monosomy 7 (-7) in 39% and both -5/5q and -7 in 27%. Seventy-three patients (59%) had a reduced-intensity
conditioning regimen. The 2-year overall survival (OS) and leukaemia-free survival (LFS) were 28 and 24%,
respectively. The 2-year non-relapse mortality (NRM) was 15%, and 2-year relapse incidence (RI) was 61%. The
cumulative incidence of grade II to IV acute graft-versus-host disease (GvHD) was 24% and that of chronic GvHD
was 21%. In multivariate analysis, the presence of a -5/5q- in addition to abn(17p) was significantly and
independently associated with worse OS, LFS and higher RI. Age and donor types did not correlate with outcome.
Conditioning intensity was not statistically associated with OS, LFS and NRM when adjusted for patients’ age.

Conclusions: In contrast to the dismal prognosis reported for AML patients harbouring abn(17p) undergoing
conventional chemotherapy, allogeneic SCT provides responses in about 25% of those patients transplanted in CR1.
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Background
Allogeneic stem cell transplantation (allo-SCT) is now a
standard approach recommended for patients with high-
risk acute myeloid leukaemia (AML) in remission [1, 2].
High-risk AML is mainly defined by the presence of de-
termined poor-risk cytogenetic abnormalities at diagno-
sis together with specific mutational events [3–6]. In
general, conventional post-remission high-dose chemo-
therapy is not capable to eradicate the initiating stem
cell leukemic clone of high-risk AML, harbouring strong
chemoresistance mechanisms [7], and only the potent
graft-versus-leukaemia arising after allo-SCT may over-
come the poor prognosis of these high-risk AML sub-
types [8]. Indeed, several reports have confirmed the
significant advantage of allo-SCT in high-risk AML,
especially when performed early in the course of the
disease [9–11]. Among the heterogeneous group of
high-risk AML, prognosis can be further stratified based
on specific genetic abnormalities, and the potential
benefit of allo-SCT differs between these diverse AML
subtypes [12–16]. While, it is still questionable if distinct
genetic abnormalities with a known worse outcome like
complex karyotype (CK) and monosomal karyotype
(MK) AML will get the same benefit from allo-SCT [17].
TP53 is located in 17p13 chromosomal region and is

one of the major tumour suppressor genes, often inacti-
vated by deletion and/or mutation in many tumours
[18]. It has been described in 10 to 15% of AML pa-
tients, with an increased frequency in elderly patients
and secondary AML [19]. TP53 inactivation is associated
in AML with a significantly lower response to intensive
chemotherapy, translating into a poor outcome [20]. Al-
though TP53 mutations/deletions show a high correl-
ation with complex karyotype in AML [21–23], TP53
mutations and/or loss have emerged as a strong and in-
dependent prognostic marker of very poor outcomes re-
gardless of associated cytogenetic abnormalities [24, 25].
Thus, long-term disease control is observed in less than
5% of the patients harbouring the TP53 mutations with
conventional chemotherapy [25, 26]. Molecular screen-
ing for TP53 mutations is not routinely performed, and
loss or disruption of 17p13 (17p abnormalities,
abn(17p)) is usually identified by FISH analysis [27]. In
this context, the potential capability of allo-SCT to over-
come the dismal prognosis of abn(17p) AML is of great
interest, scarcely explored until now. A first report from
Mohr et al. described the outcome of 47 allografted pa-
tients and did not show a different outcome compared
to non-transplanted patients, raising the hypothesis of a
lack of sensitivity of this entity to the potential benefit of
graft-versus-leukaemia effect [28]. This detrimental ef-
fect of abn(17p) on allo-SCT outcomes has been con-
firmed in another report with an event-free survival
(EFS) of only 11% due to a very high incidence of relapse

[17]. A recent report from Middeke et al. described 201
patients with abn(17p) AML transplanted during the
past decade, showing an overall EFS of only 12%, with a
slight better outcome among the 84 patients allografted
in first complete remission (3-year EFS 18 vs 7%) p <
0.001) [29]. The purpose of the current study was to ex-
plore the potential role of early-phase allo-SCT in
abn(17p) AML in the multicenter, registry context of
EBMT, with the aim to identify specific subsets of pa-
tients who could benefit from the procedure.

Methods
Data collection and patient selection
The data on patients over 18 years of age with a diagno-
sis of de novo or secondary AML transplanted with a re-
lated or unrelated donor were available from the EBMT
registry. The latter is a voluntary working group of more
than 450 transplant centres reporting regularly on their
transplant activity. Only patients having available cyto-
genetics and transplanted between 1 January 2000 and
31 December 2013 have been selected. Patients with sec-
ond allo-SCT have been excluded as well as those re-
ceiving a haplo-identical transplantation. Audits are
routinely performed to insure the quality of the reported
data. All patients provided informed consent on the use
of their data in retrospective studies. The Review Board
of EBMT approved this study. We identified a dataset of
10,799 patients with 5495 patients displaying an abnor-
mal karyotype. All cytogenetic abnormalities have been
carefully reviewed by two physicians (Xavier Poiré and
Lucienne Michaux). Most centres report conventional
karyotype and a few report also FISH results. Cytogen-
etic results found in the registry are complete or often
partial depending on the reporting center. Based on
available data, we kept for further analysis only patients
for whom data were sufficient to confirm the presence
of abn(17p). Abn(17p) were defined as loss of 17p13
(TP53 locus) such as monosomy 17, deletion (17p), iso-
chromosome 17q (i(17q)), addition (17p) or other abnor-
malities that disrupt the 17p13 locus. Only one center
reported a patient with TP53 mutation. Those selected
patients have been further categorised as CK, MK, pres-
ence of monosomy 7, presence of loss of 5q and/or pres-
ence of a inversion of chromosome 3 (inv(3)). CK has
been defined as the presence of 3 or more cytogenetic
abnormalities. MK has been defined as two or more
autosomal monosomies or one autosomal monosomy in
combination with at least one structural chromosomal
abnormality. A total of 139 patients from 78 centres met
the criteria and have been selected for further analysis.
Myeloablative conditioning (MAC) has been defined as a

regimen including total body irradiation (TBI) of more than
8 Gy or a busulfan dose of more than 10 mg/kg. Reduced-
intensity conditioning (RIC) includes intermediate doses of
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alkylating agents such as 8–10 mg/kg busulfan, 80–
140 mg/m2 melphalan, 600–1200 mg/m2 cyclophospha-
mide or 5–10 mg/kg thiotepa, and/or low-dose TBI
(<3 Gy). The following variables have been selected and in-
cluded in the analysis: year of transplantation, age, gender,
status at transplantation, time to diagnosis to complete re-
mission, time to complete remission to allo-SCT, number
of induction courses, type of conditioning regimen, in vivo
T cell depletion, type of T cell depletion, cytomegalovirus
(CMV) status of donor and recipient, donor type, source of
stem cells, Karnofsky performance status at transplantation,
engraftment, presence of acute and chronic graft-versus-
host disease (GvHD), grade of acute GvHD, presence of
CK, MK, monosomy 7, loss of 5q and/or inv(3), cause of
death. HLA typing was determined at 10 loci (A, B, C,
DRB1, DQB1) by high-resolution techniques, although not
all the centres report complete data on HLA. All unrelated
donors were defined as HLA matched (10/10) or mis-
matched at 1 locus (9/10). Additional data have been col-
lected on the therapy of relapsing patients when available.
HLA data on cord blood (CB) were not captured in this
study. Methods and definitions were similar to other stud-
ies performed by the Acute Leukemia Working Party of the
EBMT [30–32].

Statistical analysis and endpoint definitions
Endpoints included leukaemia-free survival (LFS), re-
lapse incidence (RI), non-relapse mortality (NRM),
overall survival (OS), acute and chronic GVHD and
GVHD-free/relapse-free survival (GRFS). All outcomes
were measured from the time of stem cell infusion. LFS
was defined as survival without relapse; patients alive
without relapse were censored at the time of last con-
tact. OS was based on death from any cause. NRM was
defined as death without previous relapse. GRFS was
defined as survival without grade 3–4 acute GVHD, ex-
tensive chronic GVHD, relapse or death. Surviving pa-
tients were censored at the time of last contact. The
probabilities of OS and LFS were calculated by the
Kaplan-Meier test, and those of acute and chronic
GVHD, NRM, and relapse by the cumulative incidence
estimator to accommodate competing risks. Results are
expressed with a 95% confidence interval (CI). For
NRM, relapse was the competing risk, and for relapse,
the competing risk was NRM. For acute and chronic
GVHD, death without the event and relapse were the
competing risks.
For all prognostic analyses, continuous variables were

categorised and the median was used as a cut-off point.
A Cox proportional hazards model was used for multi-
variate regression. Factors associated with a p value less
than 0.05 by univariate analysis were included in the
model. Results were expressed as hazard ratio (HR) with
95% confidence interval

All tests were two-sided. The type 1 error rate was
fixed at 0.05 for determination of factors associated with
time to event outcomes. Statistical analyses were per-
formed with SPSS 19 (SPSS Inc./IBM, Armonk, NY) and
R 3.0.1 (R Development Core Team, Vienna, Austria)
software packages.

Results
Patients’ characteristics
A total of 139 patients with abn(17p) have been iden-
tified. There were 125 patients transplanted in first
complete remission (CR1), while only 14 patients
were transplanted in second remission (CR2). Because
of the small number of patients transplanted in CR2,
further analysis has been focused on CR1 patients. A
detailed table of the different abn(17p) is available as
a Additional file 1: Table S1.
A total of 125 patients with abn(17p) transplanted in

CR1 have been analysed in November 2015. The median
follow-up of the cohort was 21 months (ranging 3–
146 months). The median age at transplantation was
54 years old (ranging 18–69 years old). The median year
of transplantation was 2009 (ranging 2000–2013). The
median time from diagnosis to CR1 was 57 days (ran-
ging 18–170 days), and median time from CR1 to trans-
plantation was 82 days (ranging 11–286 days). For 81
patients, we had information about the number of in-
duction courses to reach CR1. Fifty-two had just one
course, 27 had 2 and 3 needed 3 rounds of chemother-
apy. Most patients were de novo AML (85%) and only
19 patients corresponded to secondary AML, seven of
them arising from an antecedent myelodysplastic syn-
drome. The majority of patients were male (57%) and
were transplanted with a Karnofsky performance status
of more than 90% (70%). A sibling donor was used in
48% and an unrelated donor in 43% (10/10: N = 23
(64%); 9/10: N = 13 (33%), missing: N = 36) whereas a
cord blood was used in 10 patients. Source of stem cell
was mostly peripheral blood (76%). CMV status was
positive in 68% of the patients and also 68% of the do-
nors. Fifty-one patients received a MAC and 74 patients
a RIC. In patients less than 50 years old, only 14 patients
(26.4%) received a RIC but this number increased up to
60 (83.3%) in patients over 50 years old (p < 10−5). Most
frequent MAC were the combination of cyclophospha-
mide and busulfan (N = 19) followed by the association
of total body irradiation (TBI) with cyclophosphamide
(N = 14). Most RIC were fludarabine and TBI (N = 25)
closely followed by fludarabine and busulfan (N = 24).
Seven patients received the sequential FLAMSA-RIC ap-
proach [33]. In vivo T cell depletion has been used in 64
patients. Among those, 47 patients received anti-
thymocyte globulin (ATG) and 17 patients alemtuzu-
mab. Regarding associated cytogenetic categories, most
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patients carried also a CK (N = 98) or a MK (N = 86). An
inv(3) was present in only 3 patients. Monosomy 7 (-7)
was seen in 41 patients and a monosomy 5 or a loss of
5q (-5/5q-) in 58 patients. Both -7 and -5/5q- were
present together in 28 patients. Table 1 summarises the
patients’ characteristics.

Engraftment and graft-versus-host disease
Engraftment was successful in 117 patients (94%). Six
patients showed a graft failure and 1 patient lost his
graft. The cumulative incidence of grade II to IV acute
GvHD was 24%. The 2-year cumulative incidence of
chronic GvHD was only 21% [95% CI 14.2–29.5]
(Fig. 1). This low incidence is explained because many
patients relapsed before developing chronic GvHD. A
Cox proportional hazards model including age, donor
type, use of ATG during the conditioning regimen,
source of stem cells and conditioning intensity has
been performed for cGvHD (Table 2). Only the use of
ATG during the conditioning regimen was signifi-
cantly associated with less chronic GvHD (HR 0.33,
95% CI 0.11–0.97; p = 0.04), whereas donor other than
an HLA-matched sibling showed just a trend towards
more chronic GvHD (p = 0.07).

Non-relapse mortality and relapse incidence
The 2-year cumulative incidence of NRM was 15% [95%
CI 8.9–21.8] as illustrated in Fig. 2a. None of the ana-
lysed variables (i.e. conditioning intensity, in vivo T cell
depletion, use of ATG, age, donor or patient gender, fe-
male donor to male recipient, Karnofsky performance
status, donor type, number of induction course, CK,
MK, -7, -5/5q- or both -7 and -5/5q-) were significantly
associated with NRM neither in univariate analysis nor
in multivariate analysis.
Seventy-six patients relapsed at a median interval of

4 months from allo-SCT (range 0.2–92.8 months) trans-
lating into a 2-year cumulative incidence of relapse of
61.3% [95% CI 51.5–69.7] as illustrated in Fig. 2b. The 2
factors significantly associated with a higher RI were
conditioning intensity and presence of -5/5q-. On the

Table 1 Patients’ characteristics (N = 125)

Median age at SCT (range) 53.6 years old (18–69)

Median follow-up (range) 21 months (3.3–146)

Interval between diagnosis and CR1 (range) 56.5 days (18–170)

Intervals from CR1 to SCT (range) 81.5 days (11–286)

Median year of SCT 2009 (2000–2013)

Secondary AML, N (%) 19 (15.2%)

CMV+ patient, N (%) 84 (68.3%)

CMV+ donor, N (%) 65 (68.3%)

Karnofsky >90% at SCT, N (%) 83 (70.3%)

Gender, N (%)

Male 71 (57%)

Female 54 (43%)

Donor type, N (%)

Sibling 60 (48%)

Unrelated 54 (43.2%)

Cord blood 10 (8%)

Source of SC, N (%)

BM 19 (15.2%)

PB 95 (76%)

CB 10 (8%)

Conditioning regimen, N (%)

MAC 51 (41%)

RIC 73 (59%)

In vivo T cell depletion, N (%) 64 (51%)

ATG 47 (38%)

Alemtuzumab 17 (14%)

Monosomal karyotype, N (%) 86 (82.7%)

Missing, N 21

Complex karyotype, N (%) 98 (90.7%)

Missing, N 17

Inv(3), N (%) 3 (2.9%)

Missing, N 20

-7, N (%) 41 (39%)

Missing, N 20

-5/5q-, N (%) 58 (55.2%)

Missing, N 20

Both -7 and -5/5q-, N (%) 28 (26.9%)

Abbreviations; N number, CR1 first complete remission, SCT stem cell
transplantation, AML acute myeloid leukaemia, CMV cytomegalovirus, BM bone
marrow, PB peripheral blood, CB cord blood, MAC myeloablative conditioning,
RIC reduced-intensity conditioning, ATG anti-thymocyte globulin

Fig. 1 Cumulative incidence of chronic GvHD. The 2-year cumulative
incidence of chronic GvHD was 21% [95% CI 14.2–29.5]
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contrary, in vivo T cell depletion was not associated with
higher relapse rate. The relapse incidence was 53% [95%
CI 37–66.2] after a MAC and 68% [95% CI 55.2–78.2]
when a RIC was used (p = 0.01). The presence of -5/5q-
was associated with a significant higher RI (70% [95% CI

55.4–80.9]) compared to patients without -5/5q- (51%
[95% CI 35.4–65.4], p = 0.03). Patients’ age above 50 years
old and MK showed only a trend towards a higher RI (p
= 0.06 and p = 0.05, respectively). The number of induc-
tion courses to reach CR1 did not impact on relapse
rate. In multivariate analysis, only the presence of -5/5q-
kept its significant impact on RI (p = 0.03) while condi-
tioning intensity, age and MK did not show a significant
impact on relapse risk (Table 3). Among the 56 relapsed
patients with available information, 16 patients received
donor leukocyte infusion (DLI). Thirteen of them re-
ceived a second allo-SCT thereafter and 2 additional pa-
tients received a second allo-SCT as the only cell-based
therapy for relapse. The 2-year probabilities of OS were
8.4% after DLI [95% CI 0–24.1] and 20% after second
allo-SCT [95% CI 0–55.1].

Survival
The 2-year probability of OS was 28% [95% CI 19.7–
37.1] (Fig. 3a). In univariate analysis, factors significantly
associated with a worse OS were RIC, older age, MK
and presence of -5/5q-. Monosomy 7 showed only a
trend towards a decreased OS (p = 0.06 and p = 0.08, re-
spectively). Thus, the 2-year probability of OS was 40%
[95% CI 25–55] after a MAC and 21% after a RIC [95%
CI 10–31] (p < 0.005). Patients above 50 years old had a
worse OS (22%, [95% CI 12–36]) than younger patients
(39%, [95% CI 23–54], p < 0.005). Given the strong inter-
action between use of RIC and older age, as previously
described, conditioning intensity did not show any im-
pact on OS when adjusted for age. Concerning associ-
ated cytogenetic categories, patients harbouring a MK
had a decreased 2-year OS (19%, [95% CI 17–36]) com-
pared to patients without this cytogenetic abnormality

Table 2 Multivariate analysis using a Cox proportional hazards
model, N = 96. Chronic GvHD

p HR 95% CI

Age ≥50 years old 0.41 1.51 0.56 4.06

Donor other than MSD 0.07 2.39 0.92 6.2

ATG vs No 0.04 0.33 0.11 0.97

PB vs BM 0.89 0.92 0.31 2.71

RIC vs MAC 0.12 2.34 0.8 6.86

Abbreviations: MSD matched sibling donor, ATG anti-thymocyte globulins, PB
peripheral blood, BM bone marrow, RIC reduced-intensity conditioning, MAC
myeloablative conditioning, HR hazard ratio, CI confidence interval

Fig. 2 Non-relapse mortality (NRM) (a) and relapse incidence (RI) (b).
The 2-year cumulative incidence of NRM was 15% [95% CI 8.9–21.8]
(a) and the 2-year cumulative incidence of relapse was 61.3% [95%
CI 51.5–69.7] (b)

Table 3 Multivariate analysis using a Cox proportional hazards
model, N = 90. Only variables with p < 0.05 in univariate analysis.
LFS, OS and RI

p HR 95% CI

LFS Age ≥50 years old 0.48 1.23 0.69 2.20

RIC vs MAC 0.13 1.54 0.89 2.68

MK 0.21 1.57 0.77 3.19

Monosomy 5q 0.02 1.83 1.09 3.07

OS Age ≥50 years old 0.35 1.37 0.71 2.64

RIC vs MAC 0.07 1.75 0.95 3.24

MK 0.14 1.79 0.82 3.91

Monosomy 5q 0.01 2.02 1.18 3.47

RI Age ≥50 years old 0.54 1.21 0.65 2.25

RIC vs MAC 0.13 1.58 0.87 2.88

Monosomy 5q 0.03 1.84 1.06 3.19

Abbreviations: N number, LFS leukaemia-free survival, OS overall survival, RI re-
lapse incidence, HR hazard ratio, CI confidence interval, MAC myeloablative
conditioning, RIC reduced-intensity conditioning, MK monosomal karyotype
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(58%, [95% CI 34–82], p = 0.005) as well as patient with
concomitant -5/5q- (12%, [95% CI 2–22] vs 44%, [95%
CI 28–59], p < 0.005). Taking together -7 and -5/5q- sta-
tus, absence of -5/5q- was associated to a better out-
come (2-year OS 47% [95% CI 30–65] and 31% [95% CI
0–63] in patients without and with concomitant -7, re-
spectively) compared to the subset of patients harbour-
ing -5/5q- (2-year OS 16% [95% CI 1–31] and 10% [95%
CI 0–22], according to simultaneous -7 or not, respect-
ively) (Fig. 4a). Thus, in multivariate analysis, the pres-
ence of -5/5q- was significantly associated with a
decreased OS (HR 2.02; 95% CI 1.2–3.5, p = 0.01),
whereas RIC was associated with a trend towards a
worse OS (p = 0.07) (Table 3). Causes of death were dis-
ease related in 63 patients, infections in 13, GvHD in 11,
haemorrhage in 1 and others in 2 patients.
The 2-year probability of LFS was 24% [95% CI

15.7–31.9] as illustrated in Fig. 3b. In univariate

analysis, decreased LFS was significantly associated
with RIC (2-year LFS of 20% [95% CI 8–29] and 30%
[95% CI 16–44] after RIC and MAC allo-SCT, respect-
ively, p = 0.01), age above 50 years old (2-year LFS:
20% [95% CI 10–30] vs 29% [95% CI 15–43], p <
0.005), MK (2-year LFS 17% [95% CI 8–25] vs 49%
[95% CI 25–72], p = 0.02), and presence of -5/5q-).
The deleterious impact of 5q loss was independent of
presence of additional -7, with a 2-year LFS of 11%
[95% CI 0–23] (-5/5q- without -7) and 13% [95% CI

Fig. 3 Overall survival (OS) (a) and leukaemia-free survival (LFS) (b).
In the whole cohort, the 2-year probability of OS was 28% [95% CI
19.7–37.1] (a) and the 2-year probability of LFS was 24% [95% CI
15.7–31.9] (b)

Fig. 4 Overall survival (OS) (a) and leukaemia-free survival (LFS) (b)
by cytogenetics subgroup. Mono5 refers as the presence of mono-
somy 5 or loss of 5q and mono7 refers as the presence of mono-
somy 7. Absence of Mono5 was associated to a better OS (2-year OS
47% [95% CI 30–65] and 31% [95% CI 0–63] in patients without and
with mono7, respectively) compared to the subset of patients har-
bouring mono5 (2-year OS: 16% [95% CI 1–31] and 10% [95% CI 0–
22], according to simultaneous mono7 or not, respectively) (a). The
deleterious impact of mono5 on LFS was independent of presence
of additional mono7, with a 2-year LFS of 11% [95% CI 0–23]
(mono5 without mono7) and 13% [95% CI 0–27] (mono5 with
mono7) vs 38% [95% CI 9–67] (absence of mono5 with mono7) and
37% [95% CI 20–53] (absence of both abnormalities, p = 0.007) (b)
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0–27] (-5/5q- with -7) vs 38% [95% CI 9–67] (absence
of -5/5q- with -7) and 37% [95% CI 20–53] (absence
of both abnormalities, p = 0.007; Fig. 4b). In vivo T cell
depletion and the use of ATG were not significantly
associated with worse LFS. In multivariate analysis,
only the presence of -5/5q- remained significantly as-
sociated with a decreased LFS (p = 0.02) (Table 3).
The presence of chronic GvHD was associated with

significantly decreased risk of RI, but resulted in higher
NRM, and worse OS and LFS (p < 0.005) (Table 4). The
2-year probability of GvHD and relapse-free survival
(GRFS) was 16% [95% CI 9–23]. Among the 10 patients
transplanted with CB, we found similar 2-year OS and
LFS of 27% [95% CI 0–56] and 27% [95% CI 2–58], re-
spectively. No significant differences were found with
the other patients (p = 0.95 and p = 0.81, respectively). In
this small cohort, four out of them showed the combin-
ation of abn(17p) and -5/5q-.

Discussion
P53 loss of function resulting from chromosomal losses
of 17p region and TP53 gene mutations result in marked
chemorefractoriness and very poor prognosis, with virtu-
ally incurability for most patients treated with conven-
tional AML chemotherapy [24, 25, 28, 29]. The present
study focused on the capability of allo-SCT to circum-
vent this dismal prognosis. In patients allografted in
CR1, LFS at 2 years was 24%, suggesting the potential
curability of a proportion of these patients with this ap-
proach, and the existence of a potent graft-versus-
tumour effect capable to sustain response. Our cohort
might correspond to a highly selected patient popula-
tion, with some degree of chemosensitivity sufficient to
achieve an initial response, and is therefore not repre-
sentative of the whole abn(17p) AML. However, these
results confirm the role of allo-SCT as a reasonable op-
tion for the subset of patients achieving sufficient cytore-
duction at the time of transplantation. Abn(17p) are
highly represented in overlapping cytogenetically very
high-risk AML, such as MK and CK, and might partici-
pate in the underlying mechanisms responsible of the
their refractoriness to standard intensive AML therapy.

Nonetheless, the study provides evidences of the urgent
unmet need to develop novel strategies for these pa-
tients. Different transplant modalities, concerning donor
source or conditioning regimen, did not have a major
impact on transplant outcome in our study, and future
improvement attempts must explore pre- and post-
transplant interventions, together with innovative modi-
fications of allo-SCT conditioning regimen.
Our results are quite comparable to those reported by

Middeke et al. [29]. The 2-year LFS and OS of 24 and
28%, respectively, in our cohort are more favourable
compared to the previous retrospective study from Mohr
et al., based on 47 transplanted patients, which did not
show any advantage compared to conventional therapy,
with a 4-year probability of survival for the entire cohort
of only 4% [28]. Relapse was the main cause of treatment
failure, achieving 70% at 2 years after RIC conditioning,
and these relapses occurred at a median interval from
transplant of 4 months, indicating the need of imple-
menting early interventions in the post-transplant period
to prevent relapse. Notably, the current results in pa-
tients with AML harbouring abn(17p) are similar to
those observed with MK and CK AML. In those studies,
an independent effect of abn(17p) has not been found
[13–15]. In fact, genomic losses of 17p, together with
losses of 5q and 7q, and gains 11q and 8q, are the most
frequent cytogenetic abnormalities described in CK [34].
Nevertheless, our study cohort represents a more homo-
geneous population than the one addressed in the stud-
ies evaluating MK and CK AML. On the other hand, we
were not able to find a significant effect of the presence
of MK, probably because 83% of patients displayed MK
at diagnosis.
NRM was only 17%, probably reflecting the positive

selection effect in this population, enriched with respon-
sive patients to previous chemotherapy. In fact, these
139 patients represent only 1.3% of 10,799 patients with
an available karyotype in the EBMT database, a lower
proportion than the expected rate of 5–10% in general
AML population [19]. These 1.3% of patients refer only
to the proportion of abn(17p) AML patients who were
in remission and fit enough to survive until the trans-
plantation procedure. Lower intensity conditioning regi-
mens were associated to a higher relapse risk, up to
70%, in the univariate analysis, an association not con-
firmed in the multivariate analysis adjusted for other
variable such as concomitant presence of 5q loss and
age. Nonetheless, the effect of different regimens aimed
to enhance antitumour effect without increasing toxicity
must also be explored in the next future.
Presence of chronic GvHD, analysed as time-

dependant variable, was independently associated with a
lower relapse risk (HR 0.76), supporting the existence of
a genuine and potent graft-versus-leukaemia. This

Table 4 Multivariate analysis using a Cox proportional hazards
model. Impact of cGvHD on outcomes (time-dependant
variable)

p HR 95% CI

RI <10−4 0.76 0.69 0.85

NRM <10−4 2.92 2.62 3.25

LFS <10−4 1.45 1.35 1.56

OS <10−4 1.25 1.17 1.35

Abbreviations: N number, LFS leukaemia-free survival, OS overall survival,
RI relapse incidence, NRM non-relapse mortality, HR hazard ratio, CI
confidence interval
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antitumour effect of chronic GvHD, nonetheless, did not
result in a neat benefit due to its association to a higher
NRM translating into worse OS and LFS. Recognition of
a potential graft-versus-leukaemia effect in abn(17p)
AML would give the basis to develop strategies aimed to
harness this alloimmune effect in the early post-
transplant period, such as early withdrawal of immuno-
suppression or administration of prophylactic donor
leukocyte infusion [35, 36]. Post-transplant administra-
tion azacytidine might contribute to stimulate the anti-
tumour donor graft effect by enhancing the expression
of tumour and minor histocompatibility antigens, with
the theoretical added advantage of avoiding an increased
GvHD rate by expansion of T regulatory cell population.
Several studies have demonstrated feasibility of azacyti-
dine during the post-transplant period, and the correl-
ation of the expansion determined cytotoxic T cell
subsets against tumour antigens with a lower relapse in-
cidence, but the clinical benefit of such strategy should
be further proven [37–40]. Other innovative donor cell
strategies such as NK cell infusion or Cytokine-induced
killer population, with a theoretical lower potential of
GvHD induction, must be of high interest in this setting
[41–43]. Anyhow, based on the very short median time
to relapse, post-transplantation interventions should be
given early as a prophylactic or maintenance strategy.
Vosaroxin [44, 45] is a quinolone derivative reported to
be TP53 independent and shows some clinical benefit in
combination with high-dose cytarabine in relapsed pa-
tients. Currently, it is completely unknown if this agent,
administered prior to allo-SCT, might result into im-
proved outcome after allo-SCT, but it might constitute a
model to bring abn(17p) AML with better response to
allo-SCT.
Additional chromosomal 5q loss conferred an even

worse outcome in this cohort of patients, with an in-
creased relapse risk and 2-year OS and LFS of only 10
and 11%, respectively, regardless the presence of con-
comitant monosomy 7. It was the only independent
prognostic factor in this patient population. While the
biological basis accounting for this combined deleterious
effect is mostly unknown, TP53 mutations have been fre-
quently observed in association with loss of 5q, up to
80% of cases in some series, suggesting cooperation be-
tween TP53 mutations and loss of putative tumour sup-
pressor genes localised in 5q region [46–48]. Previous
reports supported this hypothesis that multiple candi-
date genes localised on 5q cooperate with TP53 muta-
tions in the pathogenesis of myelodysplastic syndrome
or AML [49–51]. Many genes on 5q have been pro-
posed, but recently, haploinsufficiency of ERG1 and APC
in combination with the early acquisition of TP53 muta-
tions have emerged as a potential mechanism leading to
the development of a leukemic clone resistant to

apoptosis and with increased genomic instability [48].
This translates into chemoresistance and worse out-
comes confirmed in our study with patients harbouring
both abn(17p) and -5/5q-. In this subgroup of patients,
the benefit of allo-SCT appears very limited and new
therapeutic strategies are strongly warranted. On the
contrary, patients with abn(17p) without -5/5q- showed
a relative good outcome after allo-SCT with a 2-year
probability of LFS of 37–38%.

Conclusions
Allo-SCT arises as the best therapeutic option to im-
prove survival in selected patients harbouring abn(17p)
and achieving CR after frontline chemotherapy, espe-
cially in the absence of -5/5q-. Nonetheless, clinical
benefit of allo-HCT remains very limited, followed by a
high relapse incidence. Recognition of a potential graft-
versus-leukaemia effect preventing relapse in some pa-
tients gives the rationale basis for the development of
early chemotherapy-based or cell-based strategies to pre-
vent relapse and therefore to increase the potential
benefit of allo-SCT in these patients.
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