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Abstract. Background/Aim: For intermediate risk acute
myeloid leukemia patients, allogeneic hematopoietic stem
cell transplantation (alloSCT) and chemotherapy are equally
recommended as consolidation after first complete remission
(CR1). In real-world, alloSCT might not be readily available,
but there is paucity of data on the optimal timing of alloSCT
for these patients. Patients and Methods: In this pilot study,
we compared the outcomes of 13 patients undergoing
alloSCT in CR1 with 13 patients undergoing alloSCT after
relapse (non-CR1) to examine whether upfront alloSCT
yields a better prognosis. Results: There were no differences
between the two groups with regards to relapse-free survival
(p=0.507) and overall survival (p=0.798). There were more
chronic graft-versus-host-disease (GVHD) in the CR1 group
compared to the non-CR group (p=0.001), but no difference
in acute GVHD. Conclusion: The outcome of alloSCT after
relapse is not inferior to that of alloSCT in CR1, supporting
the role of alloSCT after relapse in the setting of limited
donors and resources.

Allogeneic stem cell transplantation (alloSCT) remains an
integral part of acute myeloid leukemia (AML) treatment due
to its curative potential (1). For poor risk AML patients,
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alloSCT in first complete remission (CR1) is an established
treatment (2, 3). For intermediate risk AML patients on the
other hand, both alloSCT and high-dose cytarabine-based
chemotherapy are recommended as consolidation treatments,
leaving the decision to the attending physician. A
comprehensive meta-analysis of 24 prospective clinical trials
showed that alloSCT can improve relapse-free survival
(RFS) in intermediate risk AML patients (4). However, this
study was based on meticulously controlled clinical trial
results, and in real-world there are unfortunate circumstances
in which alloSCT in CR1 is not readily available. If alloSCT
in non-CR1 can procure similar outcomes as alloSCT in CR1
for these patients, postponing the transplant until after
relapse can be an attractive option. Recognizing the paucity
of data on the optimal timing of alloSCT in intermediate risk
AML patients, we conducted this pilot study.

Patients and Methods

Study design and subjects. This study was a single-center,
retrospective, longitudinal cohort study of de novo, non-acute
promyeocytic AML patients over 18 years old, who were newly
diagnosed and treated at Seoul National University. Biphenotypic
leukemias were excluded. The study period was set between January
2013 and December 2018. During the study period, a total of 282
patients were screened. After excluding 94 patients for undergoing
hypomethylating agent-based treatment, the remaining 188 patients
were stratified according to prognostic grouping per Southwest
Oncology Group (SWOG) criteria (5). One hundred-and-twentythree intermediate risk AML patients were recognized, among whom
49 underwent alloSCT in CR1 and 18 in non-CR1. After case
matching according to age, sex, year of alloSCT and induction
regimen, 13 patients who underwent alloSCT in CR1 and 13 patients
who underwent alloSCT in non-CR1 were enrolled for final analyses.
Their medical records were reviewed and analyzed for
demographics, baseline disease characteristics, chemotherapy, factors
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Figure 1. CONSORT diagram.

related to alloSCT, response to alloSCT, adverse events, and survival
outcomes (Figure 1). This study was conducted according to the
Declaration of Helsinki and was approved by the institutional review
board of Seoul National University Hospital (H-1911-042-107).

Definitions. The diagnosis of AML was made according to the
WHO Classification of Hematopoietic Neoplasms, which requires
identification of 20% or more leukemic blasts in the bone marrow
(6). Complex karyotype was defined as any karyotype with at least
3 chromosome aberrations, regardless of their type and the
individual chromosomes involved. Cytogenetic studies were
performed in-house. Bone marrow cells were cultured for 24 h, and
then, karyotypes were analyzed using the standard G-banding
technique. The karyotypes were constructed and chromosomal
abnormalities were reported in accordance with the International
System for Human Cytogenetic Nomenclature (ISCN 2009). Fmsrelated tyrosine kinase 3 (FLT3) internal tandem duplication (ITD)
mutations were analyzed using DNA samples obtained at diagnosis
and with use of polymerase chain reaction (PCR). Relapse was
defined by the morphologic evidence of disease in the peripheral
blood, bone marrow, or extra-medullary sites.
Acute graft-versus-host-disease (GVHD) was graded according to
the Glucksberg grading system (7), and chronic GVHD was classified
as mild, moderate, or severe according to the 2014 National Institutes
of Health consensus (8). Neutrophil engraftment was defined as an
absolute neutrophil count (ANC) >0.5×109/l on 3 consecutive
measurements after the nadir. Platelet recovery was defined as 7
consecutive measurements of 20.0×109/l without transfusion.
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Statistical analysis. The RFS and overall survival (OS) curves were
estimated using the Kaplan-Meier method. RFS was defined as the
time from the date of alloSCT to that of relapse or death from any
cause. OS was defined as the time from AML diagnosis to death of
any cause. If patients survived without relapse, RFS was censored
on the latest date of follow-up when no relapse was confirmed.
Student’s t-test was used to compare continuous variables when
the two groups showed a normal distribution, and otherwise, MannWhitney test was used. For categorical variables, chi-square test was
used, but when the expected counts were below 5, Fisher’s exact test
was used instead. All data were analyzed using the Statistical Package
for the Social Sciences software (IBM® SPSS®Statistics, version
22.0). p-Values of <0.05 were considered statistically significant.

Results

Baseline characteristics and details of alloSCT. Baseline
characteristics of all patients are summarized in Table I.
Baseline white blood cell (WBC) count was higher
(p=0.014) in the non-CR1 group, but the percentage of blasts
in the bone marrow showed no difference. There was no
significant difference between the two groups regarding
FLT3-ITD mutation and extramedullary involvement.
All patients in the CR1 group were in complete remission
at the time of alloSCT (Table II). On the other hand, in the
non-CR1 group, 8 out of 13 patients were in complete
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Table I. Baseline characteristics at initial AML diagnosis.

Age (years)1
<60 years
≥60 years
Gender (male, %)
FLT3-ITD
Extramedullary involve
Laboratory findings
BM blast (%)2
WBC count (109/l)2
Platelet count (109/l)2
Hb (g/dl)2

Total
n=26

48.28 (26-62)
25 (96.2%)
1 (3.8%)
14 (53.8%)
5 (22.7%)
3 (11.5%)

58.15 (±31.23)
38.86 (±49.51)
93.44 (±56.11)
8.90 (±1.40)

CR1
n=13

45.10 (26-59)
13 (100%)
0 (0%)
7 (53.8%)
2 (16.7%)
2 (15.4%)

52.63 (±32.10)
27.35 (±56.38)
106.92 (±56.55)
9.12 (±0.96)

Non-CR1
n=13

p-Value

48.48 (34-62)
12 (92.3%)
1 (7.7%)
7 (53.8%)
3 (30.0%)
1 (7.7%)

63.68
51.34
78.83
8.66

(±30.71)
(±39.41)
(±54.16)
(±1.78)

0.545
1.00
0.624
1.000

0.319
0.014
0.211
0.434

AML: Acute myeloid leukemia; CR1: first complete remission; NA: not applicable; BM: bone marrow; WBC: white blood cell; Hb: hemoglobin.
are presented as median (range); 2Values are presented as mean (±standard deviation).

1Values

Table II. Details and outcomes of allogeneic hematopoietic stem cell transplantation.

Disease status at transplantation
CR
Non-CR
Conditioning regimen
Myeloablative
Reduced intensity
Donor source
Matched related donor
Matched unrelated donor
Partially matched unrelated
donor
Haplo-identical
Umbilical cord blood
Sex matching
Female donor to male recipient
Infused CD34, ×106/kg1
GVHD prophylaxis
Cyclosporine
Tacrolimus
ATG
Post-cyclophosphamide
Neutrophil engraftment
Time to engraftment, days1
Platelet engraftment
Time to engraftment, days1
Acute GVHD, any
Grade II-IV acute GVHD
Chronic GVHD, any
Moderate-severe chronic GVHD
Causes of death
Disease progression
Infection
GVHD related
Others

Total
n=26

CR1
n=13

Non-CR1
n=13

p-Value

21 (80.8%)
5 (19.2%)

13 (100.0%)
0 (0.0%)

8 (61.5%)
5 (38.5%)

0.039

11 (42.3%)
7 (26.9%)
2 (7.7%)

7 (53.8%)
5 (38.5%)
0 (0.0%)

4 (30.8%)
2 (15.4%)
2 (15.4%)

0.160

3 (23.1%)
5.06 (1.76)

0.593
0.406

10 (38.5%)
16 (61.5%)

5 (19.2%)
1 (3.8%)

4 (15.4%)
4.71 (1.94)

21 (80.8%)
5 (19.2%)
18 (69.2%)
3 (11.5%)
25 (96.2%)
19 (11-30)
22 (84.6%)
23.5 (21-42)
15 (57.7%)
13 (50.0%)
10 (38.5%)
9 (34.6%)
7 (41.2%)
5 (29.45%)
4 (23.5%)
1 (5.9%)

3 (23.1%)
10 (76.9%)

1 (7.7%)
0 (0.0%)

1 (7.7%)
4.38 (2.12)

11 (84.6%)
2 (15.4%)
11 (84.6%)
1 (7.7%)
13 (100%)
19 (17-29)
13 (100%)
23 (22-42)
9 (69.2%)
8 (61.5%)
9 (69.2%)
9 (69.2%)
3 (42.9%)
1 (14.3%)
3 (42.9%)
0 (0%)

7 (53.8%)
6 (46.2%)

4 (30.8%)
1 (7.7%)

10 (76.9%)
3 (23.1%)
7 (53.8%)
2 (15.4%)
12 (92.3%)
20 (11-30)
9 (69.2%)
28 (21-40)
6 (46.2%)
5 (38.5%)
1 (7.7%)
0 (0.0%)
4
4
1
1

(40.0%)
(40.0%)
(10.0%)
(10.0%)

CR1: First complete remission; CR: complete remission; GVHD: graft-versus-host-disease; 1Values are presented as median (range).

0.107

1.000

1.000
0.538
0.096
0.431
0.234
0.239
0.001
0.000

0.352
0.135
0.277
1.000
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Figure 2. Survival curves after allogeneic hematopoietic stem cell transplantation for the CR1 group versus non-CR1 group. (A) Relapse-free
survival, (B) Overall survival. CR1: First complete.

remission at the time of alloSCT and the remaining 5
patients underwent salvage alloSCT after induction failure.
There were no significant differences with regards to the
conditioning intensity, donor source, infused CD34 count,
and GVHD prophylaxis strategies.

Outcomes of alloSCT. The median follow-up duration for the
whole cohort was 345 days. As shown in Figure 2, the RFS
for alloSCT in CR1 was similar to that in non-CR1 (median
RFS 10 months vs. 7 months, p=0.507, respectively). The OS
was also similar between the two groups (median OS 13.9
months vs. 21.5 months, p=0.798, respectively). There were
2 patients in the CR1 group who underwent second alloSCT
after relapse. One patient underwent alloSCT from a
matched unrelated donor after achieving second complete
remission with FLAG (fludarabine-cytarabine-G-CSF)
induction. The other patient underwent salvage alloSCT
using umbilical cord blood after engraftment failure from the
first alloSCT from haplo-identical donor.
There was no difference in neutrophil engraftment rates
between the two groups as shown in Table II. Although the
rates of platelet engraftment were slightly lower in the nonCR1 group, the difference did not reach statistical
significance (100% in the CR1 group vs. 69.2% in the nonCR1 group, p=0.096). There was no difference in median
time to neutrophil engraftment and platelet recovery with
regards to exposure to consolidation chemotherapy.
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GVHD and other complications. The rate of grades II-IV
acute GVHD was 61.5% for the CR1 group versus 38.5% for
the non-CR1 group (p=0.234, Table II). More patients in the
CR1 group developed chronic GVHD compared to the nonCR1 group (p=0.001).
There were seven deaths in the CR1 group versus 10 deaths
in the non-CR1 group. The most common cause of death was
disease progression, followed by infection and GVHD. There
was one case of transplant-related mortality in the non-CR1
group, and none in the CR1 group. Although there was more
infection-related morality in the non-CR1 group, the difference
did not reach clinical significance (p=0.135).
During follow-up, there was no incidence of veno-occlusive
disease/sinusoidal obstruction syndrome (VOD/SOS) or posttransplant lymphoproliferative disease (PTLD).

Discussion

As alloSCT in CR1 for intermediate risk AML is somewhat
optional according to current guidelines, we carried out this
pilot study to provide some guidance regarding the optimal
timing of alloSCT. Although based on small number of
patients, we found that alloSCT in non-CR1 yields similar
outcomes compared to alloSCT in CR1, supporting alloSCT
as a reasonable post-remission treatment option after relapse
from CR1. The importance of this finding lies in that it can
be readily incorporated into daily practice and that we
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provide evidence to justify postponement of alloSCT in
difficult circumstances, thereby relieving moral conundrum
of attending physicians.
There are only a few previous studies comparing the timing
of alloSCT for intermediate risk AML, but existing reports
support our findings. Burnett et al. showed a survival benefit
of alloSCT after the second CR after relapse, especially in the
intermediate risk patients (9). Another cohort study showed no
significant difference in OS between patients who underwent
alloSCT in CR1 and patients who underwent alloHSCT in
subsequent CR after relapse (10). The latter study included
AML patients of all risk groups, but the risk group did not
affect the OS. In our study, the survival outcomes were similar
between patients undergoing alloSCT in CR1 compared to
those undergoing alloSCT after relapse and not necessarily
achieving CR before alloSCT. More representative of realworld situations, we believe our findings provide more
insights into the timing to perform alloSCT.
Interestingly, there were more cases of chronic GVHD in
the CR1 group. This could possibly be due to the shorter
follow-up duration in the non-CR1 group (median follow-up
after alloSCT 223 days, range=11-1,001 days) compared to
the CR1 group (median follow-up after alloSCT 466 days,
range=120-1,732 days). However, as all of the patients in the
CR1 group ultimately relapsed, this means that many patients
were subjected to second line treatment in lieu of chronic
GVHD making the subsequent treatment much more difficult.
One of the most obvious limitations of our study is its
small sample size, but since this was a pilot study, we are
planning to expand the study to validate our findings.
Another major pitfall is the lack of next-generation
sequencing (NGS) data for half of the patients, thus, the risk
stratification was done according to SWOG criteria rather
than the updated ELN guidelines (11, 12). However, since
not all centers can perform NGS, risk stratification based on
cytogenetics and molecular abnormalities is still widely used,
thus if anything, our data are more representative of realworld practice.
In conclusion, our study shows that the outcomes of
alloSCT after relapse are not inferior to alloSCT in CR1,
supporting the role of alloSCT after relapse in the setting of
limited donors and resources.
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