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Introduction: Allogeneic hematopoietic cell transplantation (HCT) during chemotherapy-induced aplasia may offer long-term
survival in acute myeloid leukemia (AML) with otherwise poor prognosis including ELN adverse risk, relapsed or refractory disease.
However, the value of residual morphologic disease prior HCT in this context has not been conclusively settled until yet. Therefore, we
aimed to investigate variables predicting outcome in this unique setting of sequential conditioning therapy, with a focus on
pretreatment morphologic blast count. In contrast to the most popular FLAMSA-RIC protocol, we used a melphalan-based condition-
ing regimen during aplasia.
Methods: We retrospectively analyzed data from 173 AML patients who underwent a sequential melphalan-based conditioning
therapy between 2003 and 2015 at our centre. All patients participated either in the prospective Phase 2 BRIDGE trial
(NCT01295307), the Phase 3 AML2003 study (NCT00180102) or were treated according to this protocol and underwent allogeneic
HCT after melphalan-based conditioning in treatment-induced aplasia.
Results:Median bone marrow blast count prior to conditioning was 10% (range, 0–96%). Four year probabilities of EFS and OS were
34% (95% CI, 28–43%) and 43% (95% CI, 36–52%), respectively. In multivariate analysis, blast count >20% was associated with
worse EFS (HR = 1.93; p = 0.009) and OS (HR = 1.80; p = 0.026). This effect was not significant anymore for HCT during 1st line
therapy.
Conclusion: Allogeneic HCT in aplasia with a melphalan-based conditioning regimen has the potential to cure a subset of adverse
risk AML patients, even with persistent morphological disease prior HCT. However, a high pre-transplant blast count still indicates
patients with a dismal prognosis, especially in the relapsed patient group, for whom post-transplant strategies should be considered to
further optimize post HCT outcome.
Keywords: acute myeloid leukemia, ELN high risk, AML relapse/refractory, early allogeneic transplantation in aplasia, blast count,
melphalan-based conditioning, sequential conditioning

Introduction
Despite recent progress in the molecular characterization of AML and the resulting clinical development for individua-
lized therapeutic approaches, the prognosis of ELN adverse risk AML remains poor with frequent primary induction
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failures and relapse rates of 70–90%.1 The chance for long-term survival in relapsed patients is only around 10%.2–4

Allogeneic hematopoietic cell transplantation (HCT) represents the most potent anti-leukemic treatment for this
unfavorable patient group. However, less than half of the relapsed/refractory patients will proceed to allogeneic
HCT5,6 due to treatment-related morbidity, absence of a suitable donor or inability to achieve any kind of remission
before HCT.

The value of allogeneic HCT for AML patients who are not in complete remission (CR) before transplantation is still
a matter of debate, as long-term survival rates in patients undergoing classical allogeneic HCT without CR are poor at
approximately 10–30%.7,8 Therefore, salvage chemotherapy prior to HCT is generally recommended to achieve blast
reduction or ideally blast clearance. But what about patients who will unlikely respond to salvage chemotherapy attempts
due to their unfavorable genetic characteristics? In general, only 50% of patients will achieve complete remission after
intensive chemotherapy,9,10 with increased risk of treatment-related morbidity and mortality, leaving a part of them
ineligible for a curative allogeneic HSCT procedure. In addition, repeated application of salvage courses could select
chemo-resistant leukemia clones.

Several studies indicate that allogeneic HCT from chemotherapy-induced aplasia (so-called “sequential transplanta-
tion”) could be a promising approach to offer this curative treatment strategy to patients who have not yet achieved
a complete remission and would therefore not be considered for a standard curative transplant concept.11–14 However, the
impact of residual bone marrow blasts prior to early HCT in aplasia has not been clearly defined yet.

Therefore, we aimed to investigate the impact of pretransplant variables predicting outcome in this specific setup of
allogeneic HCT in aplasia for patients with ELN high-risk or refractory/relapsed AML, with a focus on residual
morphologic blast count prior HCT.

Materials and Methods
Study Design and Patient Eligibility
This retrospective study included all AML patients with either high ELN 2010 risk at initial diagnosis (irrespective of
a documented CR) or poor early response after first induction therapy (IT), as well as primary induction failure or even
relapse after standard therapy, who participated either in the prospective phase 2 BRIDGE trial (NCT01295307),15 in the
phase 3 AML2003 study (NCT00180102)16 or were treated according to the AML 2003 protocol. All patients underwent
allogeneic HCT after melphalan-based conditioning in treatment-induced aplasia between January, 1, 2003 and May, 1,
2015 at the University Hospital Dresden, a tertiary care center with a large transplant program.

The AML2003 study was a randomized 1st line therapy study with a genetic-based risk stratification. All patients received
at least one induction chemotherapy with daunorubicin (60 mg/m2 days 3–5) and cytarabine (100 mg/m2 days 1–7). Patients
with adverse risk AML were randomized to the control arm (HCT in 1st CR) or the experimental arm (early HCT in aplasia
after the 1st or 2nd IT cycle without previously documented CR), while the melphalan-based conditioning regimen was only
applied to patients in the experimental arm (details see “transplant procedure”). The BRIDGE trial, on the other hand,
investigated a salvage therapy approach for relapsed/refractory AML patients. Refractory disease was defined as ⩾5% blasts
in the bone marrow (BM) after the 2 induction cycles or no reduction in BM blasts at day +15 after 1st induction therapy. All
patients received at least one cycle of salvage therapy according to the CLARA protocol (clofarabine 30 mg/m2 day1-5 and
cytarabine 1 g/m2 day 1–5). All patients within the BRIDGE trial received a melphalan-based conditioning regimen.

A bone marrow assessment within 30 days prior to transplantation was required for inclusion into the analysis.
Patients with second allogeneic HCT or missing written informed consent for analyses of clinical data were excluded.
Out of 228 poor risk AML patients 173 met the eligibility criteria and could be analyzed.

Morphological Evaluation
The most recent bone marrow assessment prior to the start of conditioning therapy was evaluated. In general, the blast
count was assessed from bone marrow aspirates. The average blast count was evaluated under the microscope by two
experienced medical technical assistants as well as two haematologists with long experience in cytomorphological AML
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diagnostics. At least 200 cells were counted. If no spicules were present, the blast count was evaluated via bone marrow
biopsy by two experienced hematopathologists.

Transplant Procedures
All patients received a dose-reduced melphalan-based conditioning regimen with either fludarabine (30 mg/m2, day - 6
to day - 2) and melphalan (150 mg/m2 on day - 2) according to the AML2003 trial protocol16 or clofarabine (30 mg/
m2, day −6 to day - 3) and melphalan (140 mg/m2 on day - 2) according to the BRIDGE trial protocol.15 Anti-thymocyte
globulin (ATG) was given to all patients with an unrelated donor within the AML 2003 study, while patients participating
in the BRIDGE trial only received ATG in case of a partially mismatched donor. HLA compatibility of patient and donor
was assessed at the maximum level of available HLA typing (4-digit PCR or sequence-based typing results). Graft versus
Host Disease (GVHD) prophylaxis consisted of a calcineurin inhibitor in combination with short-course methotrexate or
mycophenolate mofetil, while posttransplant-cyclophosphamide was used in haploidentical transplantations.

Definitions
The remission status prior to HCT and cytogenetic risk group was defined according to the ELN 2010
recommendations.17 Grading of acute and chronic graft versus host disease (GVHD) was performed according to
consensus criteria.18,19

Statistical Analysis
Data from 173 patients meeting eligibility criteria were included in the analyses. Primary objective of the study was to
investigate variables, including residual bone marrow blast count, predicting event-free survival (EFS) – with relapse/
progression or death as events, overall survival (OS), cumulative incidence of relapse (CIR) and non-relapse-mortality
(NRM). All time-dependent events were calculated from time of allogeneic transplantation. Relapse and NRM were
considered as competing events. The cumulative incidences of acute GVHD and chronic GVHD were also assessed, with
death considered as competing event.

Survival rates and cumulative incidences at different time intervals were calculated using Kaplan Meier estimators
and cumulative incidence estimators. Univariate analyses were performed by means of Log rank test for EFS and OS and
score test of univariate cause-specific Cox models for the competing risk outcomes. The bone marrow blast count was
modeled a priori in 3 categories in analogue to common classification systems (<5%, 5–20% and ≥20%). To analyze the
continuous effect of blast count on EFS and CIR, splines-based hazard ratio (HR) curves were applied. Multivariate
analyses were performed by Cox regression models, adjusted for bone marrow blast count, age, Karnofsky performance
status, AML type, genetic risk according to ELN 2010, treatment line, conditioning regimen and donor type. Competing
events were analyzed by cause-specific Cox models. A p-value <0.05 was considered to indicate statistical significance
without correction for multiple testing.

Results
Patient Characteristics and Transplant Characteristic
Data from 173 patients were evaluable. Median patient age was 56 years (range, 17 to 75 years). Half of the patients
had a pre-HCT Karnofsky score less than 90%. Sixty-one percent of the patients suffered from de novo AML, 30%
had secondary AML and 9% treatment related acute leukemia (tAML). Detailed patient characteristics are listed in
Table 1.

The conditioning regimen consisted of Fludarabine/Melphalan (Flu/Mel) in 140 (81%) patients and Clofarabine/
Melphalan (Clo/Mel) in 33 (19%) patients. Anti-thymocyte globulin was given to 70 patients (41%). Most patients
received peripheral blood stem cells, while 15 patients (9%) received bone marrow stem cells. GVHD prophylaxis was
cyclosporin A-based in the majority of patients (88%), in 8% tacrolimus-based and only 4% received alternative
prophylaxis regimen. Donor types included 40 matched siblings (23%), 82 matched unrelated (47%), 34 (20%) partially
matched unrelated and 17 haploidentical donors (10%).
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Table 1 Patient Characteristics

Characteristics N = 173 (%)

Age

Median [Range], years 56 [17–75]

≤65 years 138 (80%)

>65 years 35 (20%)

Patient gender

Male 92 (53%)

Female 81 (47%)

Karnofsky Score

90–100 85 (49%)

<90 56 (32%)

<80 25 (14%)

Missing 7 (4%)

Sorror Score

0 29 (17%)

1–2 78 (45%)

>2 64 (37%)

Missing 2 (1%)

AML type

De novo 106 (61%)

Secondary 52 (30%)

Therapy-related 15 (9%)

Treatment status prior HCT conditioning

1st line 110 (64%)

1x Induction therapy 35 (20%)

2x Induction therapy 22 (13%)

1x IT and 1x consolidation 53 (31%)

Relapse 63 (36%)

Bone marrow blast count prior HCT conditioning

Median [Range], % 10 [0–96]

Bone marrow cellularity (cytomorphology)

Aplastic/Hypocellular 112 (65%)

Normocellular 20 (12%)

Hypercellular 11 (6%)

Unknown/not done 30 (17%)

ELN

Low 15 (9%)

Intermediate I 47 (27%)

Intermediate II 63 (36%)

High 48 (28%)

FLT3 mutation (N=156)

Positive 30 (19%)

Negativ 126 (81%)

NPM1 mutation (N=152)

Positiv 23 (15%)

Negativ 129 (85%)

Abbreviations: AML, acute myeloid leukemia; HCT, allogeneic hematopoietic cell
transplantation; IT, induction chemotherapy; ELN, European Leukemia Net.
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Treatment status and blast count at HCT
Allogeneic HCT was part of the first-line treatment in 64% of the patients, while 36% suffered from relapsed disease. In
the latter group, 27 patients (43%) had experienced relapse within the first six months after first CR. First-line treatment
consisted of either one or two cycles of classic 7+3 induction with cytarabine and daunorubicin (DA) or one cycle of DA
followed by a high-dose cytarabine containing regimen.

The median bone marrow blast count prior to allogeneic HCT was 10% (range, 0–96%) with 33% of patients having
a blast count <5%, 33% of patients with a blast count of 5–20% and 27% of patients with a blast count greater than 20%.
Bone marrow evaluation was done median 10 days before allogeneic HCT (range 4–30 days before HCT). Bone marrow
cellularity was either aplastic or hypocellular in the majority of patients (n = 112; 64%) and only 31 patients (18%) had
a normo- or hypercellular marrow.

GVHD
The cumulative incidences of acute GVHD of grade II–IV and grade III–IV at day +100 were 42% (95% CI, 35–50%)
and 22% (95% CI, 15–28%), respectively. The cumulative incidences of chronic GVHD (limited or extensive) or
extensive chronic GVHD at 4 years post-transplantation were 31% (95% CI, 24–39%) and 21% (95% CI, 14–28%),
respectively.

Survival, Relapse and TRM
The median follow-up time from transplantation was 4.3 years (range, 0.1–11 years). At four years, the probabilities of
OS and EFS were 43% (95% CI, 36–52%) and 34% (95% CI, 28–43%), respectively (Figure 1).

Figure 1 OS, EFS, CIR and NRM for the entire cohort.
Abbreviations: OS, overall survival; EFS, event-free survival; CIR, cumulative incidence of relapse; NRM, non-relapse mortality; Prob., probability; HCT, allogeneic
hematopoietic cell transplantation.
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The 4 year CIR was 30% (95% CI, 23–38%) and the 4 year NRM 36% (95% CI, 28–43%). Main causes of NRM
were infectious complications (n = 33; 19%), GVHD (n = 14; 8%) and bleeding (n = 3; 3%). The median time to relapse
following HCT was 5 months (range, 1–47).

Multivariate Analysis
In multivariate analysis for EFS, a high blast count >20% vs <5% (HR = 1.93; p = 0.009) and increasing age (HR 1.19;
p = 0.040) were significant adverse risk factors. Overall survival (OS) was negatively impacted by a high blast count
>20% vs blast count <5% (HR 1.8; p = 0.026), increasing age (HR 1.26; p = 0.012) and tAML vs de novo AML (HR 2.1;
p = 0.039). Complete results of multivariate analyses are summarized in Table 2.

Impact of Blast Count Prior to HCT
The pretransplant bone marrow blast count impacted patient outcome significantly (Figure 2). The 4 year EFS and OS
was 46% (95% CI, 34–62%) and 54% (95% CI, 42–69%) in patients with less than 5% blasts, 30% (95% CI, 20–45%)
and 40% (95% CI, 28–57%) in patients with 5–20% blasts and only 27% (95% CI, 17–42%) and 36% (95% CI, 25–52%)
in patients with more than 20% blasts, respectively.

To investigate the impact of the residual blasts count on EFS and CIR the hazard ratio was analyzed as a continuous
variable, adjusted for relevant covariates (Figure 3). While the HR of EFS rises almost linearly with increasing blast
counts up to 20%, the curve starts to flatten from 20%, indicating that a blast count greater than 20% has no additional
detrimental impact on EFS. In contrast, the continuous HR for CIR increased almost linearly.

Notably, the impact of residual blast counts on the risk of relapse, EFS and OS was more pronounced (see Figure 4)
for relapsed patients than for patients who underwent allogeneic HCT during 1st line therapy (ELN adverse risk, poor
early response after 1st IT or primary refractoriness). This was indicated by interaction tests for a blast count greater
than 20% and treatment status (p = 0.045 for EFS, p = 0.09 for OS, p = 0.07 for the risk of relapse, and p = 0.3
for NRM).

Discussion
Allogeneic stem cell transplantation represents the only curative treatment strategy for poor risk AML including ELN
high-risk disease, poor early response, induction failure or relapse.9,20 Whether the induction of complete remission prior
HCT by induction- or salvage chemotherapy is superior to a sequential conditioning approach from aplasia (without
documented CR) is a matter of debate. While patients who survived salvage treatment and achieved a complete remission
may benefit from remission induction chemotherapy, patients who do not achieve at least a morphological blast-free
marrow may simply accumulate toxicity by multiple salvage approaches.

We and others have previously published promising results for early HCT during chemotherapy-induced aplasia,
offering this curative treatment approach to patients who might otherwise not proceed to allogeneic HCT due to lack of
remission prior HCT.11–14,21 The most popular regimen in this context is the classical FLAMSA-RIC regimen -
a sequential treatment approach consisting of a cytoreductive chemotherapy with fludarabine, cytarabine and amsacrine
(FLAMSA) followed by a reduced intensity conditioning (RIC), containing 4 Gy TBI and high dose cyclophosphamide.
Reported 4-year OS rates range from 32% in the subgroup of relapsed/refractory AML patients13 up to 72.7% for high-
risk AML in first CR.22 Few variations of the classical FLAMSA-RIC regimen were established, using busulfan or
treosulfan instead of TBI,23,24 since retrospective studies suggested that the addition of low-dose TBI in the RIC context
did not improve outcomes.25

In contrast to the above-mentioned protocols, we used a melphalan-based RIC-conditioning regimen, given the fact
that melphalan-based regimens are well known for their good disease control and manageable toxicities26. These
properties represent a promising prerequisite in the context of sequential allogeneic HCT, where some of the patients
are still dealing with toxic effects of the preceding intensive chemotherapy and many of them are characterized by an
aplastic bone marrow. Another group27 has currently published data using melphalan in the context of sequential HCT. In
their approach, however, a single melphalan infusion was administered in median 5 days (1–18) before start of the
remaining conditioning regimen.
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Table 2 Multivariate Analysis for Overall Survival, Event-Free Survival, Relapse Incidence and Non-Relapse Mortality

Characteristics N Overall Survival Event-Free Survival Relapse Incidence Non-Relapse Mortality

HR (95%-CI) p HR (95%-CI) p HR (95%-CI) p HR (95%-CI) p

Bone marrow blasts prior to HCT
<5% 57 1 1 1 1

5–20% 58 1.40 (0.82–2.38) 0.22 1.62 (0.99–2.64) 0.056 2.44 (1.09–5.46) 0.030 1.18 (0.62–2.22) 0.61
>20% 58 1.80 (1.07–3.02) 0.026 1.93 (1.18–3.14) 0.009 3.43 (1.56–7.54) 0.002 1.24 (0.66–2.36) 0.50

Age at HCT (cont. in decades from 18years) 173 1.26 (1.05–1.50) 0.012 1.19 (1.01–1.40) 0.040 1.10 (0.87–1.40) 0.42 1.26 (1.00–1.58) 0.047

Karnofsky
90–100 85 1 1 1 1
≤80 or missing information 88 1.44 (0.94–2.20) 0.09 1.33 (0.89–1.97) 0.16 1.26 (0.68–2.34) 0.47 1.39 (0.82–2.35) 0.23

AML type
De novo 106 1 1 1 1

Secondary 52 0.76 (0.46–1.26) 0.29 0.74 (0.46–1.17) 0.20 0.65 (0.32–1.31) 0.23 0.84 (0.45–1.58) 0.59
Therapy-related 15 2.10 (1.04–4.24) 0.039 1.64 (0.83–3.26) 0.16 0.00 - - 3.39 (1.59–7.22) 0.002

ELN 2010 risk
Low/intermediate 125 1 1 1 1

High 48 1.18 (0.72–1.93) 0.51 1.23 (0.77–1.94) 0.39 1.62 (0.80–3.30) 0.18 1.01 (0.53–1.89) 0.99

Treatment status at HCT
1st line 110 1 1 1 1

Relapse 63 1.66 (0.99–2.78) 0.053 1.56 (0.97–2.52) 0.07 1.47 (0.72–3.04) 0.29 1.61 (0.84–3.07) 0.15

Conditioning regimen
Flu/Mel 140 1 1 1 1
Clo/Mel 33 0.57 (0.31–1.05) 0.07 0.85 (0.50–1.45) 0.56 1.55 (0.73–3.28) 0.26 0.53 (0.24–1.14) 0.10

Donor type
HLA-identical Sibling 40 1 1 1 1

8/8 HLA-matched unrelated donor 82 1.60 (0.89–2.85) 0.12 1.25 (0.74–2.10) 0.40 0.64 (0.32–1.30) 0.22 2.46 (1.07–5.65) 0.033
Partially matched unrelated or haploidentical 51 1.78 (0.96–3.29) 0.07 1.35 (0.77–2.38) 0.30 0.85 (0.37–1.96) 0.71 2.34 (0.98–5.55) 0.054

Notes: P-values are italicized. Bold p-values indicate a statistically significant difference with a p-value <0.05.
Abbreviations: OS, overall survival; EFS, event-free survival; RI, incidence of relapse; NRM, non-relapse mortality; HCT, allogeneic hematopoietic cell transplantation; cont., continously; AML, acute myeloid leukemia; ELN, European
leukemia net; Flu/Mel, fludarabin/melphalan; Clo/Mel, clofarabine/melphalan.
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We could demonstrate a good long-term survival in this unfavorable risk group after transplantation in aplasia with an
OS rate of 44% at 4 years (95% CI, 35% to 51%). These results are within the upper level of previously published data in
a conventional allogeneic HCT setting with myeloablative (MAC) conditioning, where 5-year OS rates of 19–42% have
been reported for ELN high-risk patients in CR, primary refractory or relapsed patients.28–30

Considering the median age of 56 years in our patient cohort (representing the standard patient group for whom MAC
conditioning is usually considered), our results raise the question whether MAC regimen is really necessary in the
younger poor risk AML group or whether early allogeneic HCT in aplasia with a dose reduced conditioning might be

Figure 2 Four year point estimator of treatment outcome by pretransplant bone marrow blast count. The dots display the point estimates, whereas the bars display the
corresponding 95% confidence intervals. The p values represent the Log rank test for OS and EFS and the score test of univariate cause-specific Cox models for CIR and
NRM.
Abbreviations: OS, overall Survival; EFS, event-free survival; CIR, cumulative incidence of relapse; NRM, non-relapse mortality.

Figure 3 Effect of bone marrow blast count prior to HCTon event-free survival and on incidence of relapse. The red curve displays the smoothed spline-based hazard ratio
of the dependence of the bone marrow blast count prior to HCTon the all-time risk of relapse or death (left panel) and the all-time risk of relapse (right panel). The hazard
ratio is adjusted for age, Karnofsky performance status, AML type, ELN risk, treatment status at HCT, conditioning and donor type. The ribbon represent the pointwise 90%
confidence intervals of the hazard ratios. The small lines on x-axis display the individual blast counts of patients having blast counts of 50% at most.
Abbreviation: EFS, event-free survival; CIR, cumulative incidence of relapse; HCT, allogeneic hematopoietic cell transplantation.
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Figure 4 OS, EFS, CIR and NRM for relapsed patients (left side) and first-line patients (right side).
Abbreviations: OS, overall survival; EFS, event-free survival; CIR, cumulative incidence of relapse; NRM, non-relapse mortality; Prob., probability; HCT, allogeneic
hematopoietic cell transplantation.
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more appropriate. A similar assumption was stated recently by Rodríguez-Arbolí et al,31 who analyzed a total of 1018
active relapsed/refractory AML patients between 18 and 50 years within a large EBMT registry data analysis, concluding
that FLAMSA-RIC may be more beneficial than MAC conditioning in terms of similar 2-year RFS but lower NRM in
patients with active relapsed/refractory AML.

Of note, Rodriguez-Arboli et al reported a very low 2-year NRM of 7% in the FLAMSA-RIC group – however, the
young median age of 39 years must be taken into account.31 Higher NRM rates were described by Schmid et al13 with
a 1-year NRM of 27%. Similar NRM rates were published by Craddock et al,32 who used a modified FLAMSA-Bu
regimen and by Sheth et al23 who reported a 2-year NRM of 25% (median age 52 years). In our cohort, we observed
a 4-year NRM of 36% among patients with a median age of 56 years. This was mainly due to infectious complications,
especially in the early course after transplantation, highlighting a potential risk of the long neutropenic period between
aplasia-inducing chemotherapy and transplantation. Further improvements especially in the selection and timing of the
preceding aplasia-inducing chemotherapy are warranted. Nevertheless, the high NRM highlights the fragility of this
patient population, indicating that additional chemotherapy attempts to achieve remission prior HCT will unlikely
contribute to improved survival.

Multivariate analysis for overall survival and event free survival revealed an increased blast count as a strong
predictor for poor outcome. The association between lower blast counts before HCT and higher survival rates has been
described by other investigators.30,33,34 Notably, some retrospective studies indicate that the blast count in the HCT
setting during aplasia may not be as significant as in the conventional transplantation scheme. In the publication of
Stoelzel et al,12 who retrospectively evaluated 65 high-risk and 30 relapsed AML patients, no significant impact of
a marrow blast count less or higher than 20% was found. In contrast, Pfrepper et al34 reported a significant adverse effect
of blast counts >20% on OS in a small group of 44 refractory AML patients and Schmid et al13 reported at least
a predictive trend of bone marrow blast count <50% or >50% on treatment outcome. A slightly different patient
population may have been causal for these differences and we have to point out that in comparison to the other cited
publications one-third of our study cohort underwent HCT in complete remission.

Notably, while increased blast count strongly predicted outcome for the entire cohort, subgroup and interaction
analyses suggest that this effect was less pronounced in patients who underwent HCT during 1st line therapy (ELN high-
risk, poor early response or primary refractoriness after standard induction) compared to relapsed AML. Similarly,
Schmid et al made the observation that outcome after HCT in aplasia was superior for patients proceeding to HCT early
in their disease course after no more than 2 IT courses.13 Prospective trials are necessary to answer which patients with
residual disease will benefit from proceeding to allo HCTwith sequential conditioning and which patients need additional
attempts to induce remission prior to allo HCT. In an ongoing multicenter randomized controlled trial, we are currently
challenging the value of salvage chemotherapy versus immediate allo HCT after sequential conditioning for patients with
residual AML (NCT02461537). Interestingly, ELN 2010 criteria showed no significant impact on EFS and OS. The
impact of the current active ELN 2017 criteria could not be assessed since comprehensive molecular data were not
available for the entire patient cohort transplanted between 2003 and 2015. It is worth noting that supportive therapy has
further evolved in recent years. Better outcomes might thus be expected in contemporary patients.

Conclusion
In conclusion, although this study has limitations, regarding the retrospective design and the lack of comprehensive
molecular data, allogeneic HCT in aplasia after melphalan-based conditioning provided good long-term relapse-free
survival in a large patient cohort of 178 poor risk AML patients. Consequently, this transplant concept allows for
a curative treatment approach even in AML patients with residual morphological disease prior HCT, who might
otherwise not proceed to HCT. Nevertheless, relapse risk, particularly within the first six months, remains considerably
high. Indeed, the pretransplant blast count has a relevant impact on survival rates, especially in the relapsed patient
group. Since high residual blast counts after an attempt to induce remission or at relapse might rather indicate aggressive
AML biology and chemotherapy resistance, further salvage chemotherapy to induce a remission prior HCT appears less
attractive compared to early alloHCT after sequential conditioning. Post-transplant pre-emptive or prophylactic therapy
(eg, hypomethylating agents or tyrosine kinase inhibitors with or without donor lymphocyte infusions)35–42 will be
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necessary to maintain remission after alloHCT in more of these poor risk AML patients. Finally, a prospective study
concept combining sequential conditioning HCT in aplasia with a posttransplant maintenance strategy might be
a promising approach to offer a curative treatment strategy to patients who might otherwise not be considered for
a standard curative transplant concept at all.
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