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in complete remission (CR) of the disease; for 26 
patients this was the first remission (CR1), 8 pa‑
tients were in the second or subsequent remis‑
sion (>CR1), and 4 patients were transplanted in 
active disease (nCR). Genetic risk was defined in 
23 cases, and adverse cytogenetics were found in 
10 patients. The most frequently used condition‑
ing protocol was busulfan‑based (77.5%; + cyclo‑
phosphamide [BuCy2], 10 patients; + fludarabine 
[FluBu], 21 patients). Most patients (80%) re‑
ceived myeloablative first conditioning. The do‑
nor at the first alloHSCT was a matched sibling in 
16 patients (40%), matched / mismatched unre‑
lated person in 23 cases (57.5%), or a haploiden‑
tical individual in 1 case (2.5%). Only 7 patients 
presented graft versus host disease (GvHD) symp‑
toms after the first alloHSCT.

Median time between the first alloHSCT and 
relapse of the disease was 10 (3–120) months; 13 
patients relapsed within 6 months after the first 
alloHSCT, 21 patients between 7 and 24 months, 
6 patients after longer than 2 years, including 1 
after 10 years.

At the relapse of the disease, all but 2 patients 
received reinduction chemotherapy (mostly based 
on cytarabine), 1 patient received donor lympho‑
cyte infusion. At the time of the second trans‑
plant, 28 patients were in CR, and 12 were trans‑
planted in active disease.

Median age at the time of the second trans‑
plant was 41 (20–69) years. Only 14 patients 
(35%) received myeloablative conditioning (bu‑
sulfan- or treosulfan-based) before the second al‑
loHSCT, usually the younger ones in good general 
condition; 26 patients received reduced‑intensity 
conditioning regimen. Five patients transplanted 
in active disease received myeloablative prolonged 
conditioning based on melfalan and treosulfan. 

Introduction  Relapse of acute leukemia after al‑
logeneic hematopoietic stem cell transplanta‑
tion (alloHSCT) is the principal cause of treat‑
ment failure and, consequently, patient death.1,2 
Prognosis for the patients who relapsed is poor, 
with 1-year probability of survival between 7% 
and 33%, and with median overall survival (OS) 
of about 3 months.3,4

Treatment options include chemotherapy, do‑
nor lymphocyte infusion, and second alloHSCT.5 
The last option seems to be the most effective 
but it also involves a high risk of serious, life
‑threatening complications.4 A strategy of this 
procedure, especially optimal reinduction, choice 
of donor, type of conditioning and immunosup‑
pression remain unknown. So far, no randomized 
controlled trial to compare second alloHSCT with 
other treatments has been conducted.

In this study, we evaluated the outcome in a ho‑
mogenous group of patients who underwent sec‑
ond alloHSCT for acute myeloid leukemia (AML) 
only, with the main focus on the reason of treat‑
ment failure and relapse.

Patients and methods  We retrospectively analyzed 
the outcome of second alloHSCT in 40 patients 
(21 women, 19 men) with AML, transplanted in 
our center between 2005 and 2021. We includ‑
ed only the patients with AML, 2 of them were 
transplanted for the first time due to myelodys‑
plastic syndrome (MDS), but AML was recognized 
at relapse after the first alloHSCT. The patients 
with acute lymphoblastic leukemia were exclud‑
ed from the analysis.

The first transplant took place between 2004 
and 2020. Median (range) age at the first al‑
loHSCT was 40 (19–68) years. At the first al‑
loHSCT most patients (90%) were transplanted 
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multiorgan failure [MOF]), 1 patient died before 
100 days due to early relapse. Three of those pa‑
tients were transplanted in active disease.

Only 7 patients (17.5%) presented GvHD symp‑
toms, 5 in an acute and 3 in a chronic form. Re‑
lapse occurred in 17 patients (42%) and was 
the cause of death in 15 cases. The median time 
between the second alloHSCT and relapse was 
7 (2–30) months. After the median follow‑up 
of 37.5 months among survivors, 15 patients 
(37%) remained alive, with 14 in remission of 
the disease.

Overall survival  Median OS for the whole group 
was 16 months. The 1‑year, 2‑year, and 5‑year OS 
was 62.31%, 45.8%, and 34.17%, respectively. Dis‑
ease status at the time of the second alloHSCT, 
that is, CR vs nCR, significantly improved OS 
(Figure 1). The 1‑year, 2‑year, and 5‑year OS was 
69.23%, 55.53%, and 49.98% for the patients 
transplanted in CR, and 50%, 28.57%, and 9.52% 
for the patients transplanted in nCR. Median OS 
for the CR group was 31 months, and for the nCR 
group 12 months (P = 0.04; HR, 0.39; 95% CI, 
0.17–0.89). Among the patients who were trans‑
planted in CR, 14 (50%) remained alive at the time 
of the data collection, while of those who were not 
in CR at the second transplant only 1 was alive.

We analyzed the impact of the remission dura‑
tion after the first alloHSCT on OS after the sec‑
ond alloHSCT. For this analysis, we divided 
the patients into 2 groups (relapse before or af‑
ter 12 months), or into 3 groups (relapse before 
6 months, between 7 and 24 months, and later 
than 24 months). We found no effect of time to 
relapse on OS. We also analyzed other factors, 
such as the type of conditioning, donor type, or 
donor change, and concluded that they did not af‑
fect OS. No difference was found between the pa‑
tients who received myeloablative and those on 
the reduced-intensity conditioning regimen.

Event-free survival  Median EFS for the whole 
group was 12 months. The 1‑year, 2‑year and 
5‑year EFS was 47.14%, 41.9%, and 26.19%, 
respectively.

Only disease status at the time of the second 
alloHSCT (CR vs nCR) significantly influenced 
EFS. The 1‑year, 2‑year, and 5‑year EFS was 61.3%, 
57.21%, and 36.62%, respectively, for the patients 
transplanted in CR, and 21.43%, 14.29%, and 
7.14% for those transplanted in nCR. Median EFS 
for the CR group was 30 months, and for the nCR 
group it was 6 months (P = 0.01; HR, 0.39; 95% 
CI, 0.17–0.89). EFS remained unaffected by oth‑
er factors, such as the time from the first trans‑
plantation to the first relapse, type of condition‑
ing, type of donor, and donor change.

Nonrelapse mortality  Ten patients (25%) died 
due to treatment‑related mortality. In all cas‑
es an infection, mostly bacterial, was the main 
cause of death. Additionally, in 2 cases MOF was 
recognized. Eight patients died within up to 100 

Stem cells from peripheral blood were used in 
39 patients, and from bone marrow in 1 patient.

The  donor at  the second alloHSCT was 
a  matched sibling in 11 patients (27.5%), 
matched / mismatched unrelated person in 13 
patients (32.5%), and a haploidentical individ‑
ual in 16 cases (40%). Twenty two patients re‑
ceived the second alloHSCT from the same do‑
nor as the first transplant, and 18 from different 
ones. Additional data are provided in Supplemen‑
tary material, Table S1.

We defined OS as the time from the second 
alloHSCT to death or the end of the follow‑up, 
and event-free survival (EFS) as the time from 
the second alloHSCT to relapse or progression 
or the end of the follow‑up.

Statistical analysis  The Kaplan–Meier curves 
for OS and EFS were compared with the log‑rank 
test. For competing risks of relapse mortality, 
nonrelapse mortality, and relapse incidence, 
the Aalen–Johansen curves were used and com‑
pared with the Gray test. Significance level for all 
statistical tests was set to 0.05. For univariable 
analyses, 12-, 24- and 60‑month survival rates 
in the compared groups were shown along with 
median survival time. For multivariable analyses, 
hazard ratios (HRs) with corresponding 95% Cl 
were shown. R 4.1.2. software was used for com‑
putations (R Foundation for Statistical Comput‑
ing, Vienna, Austria).6

Results  After the second alloHSCT, neutrophil 
engraftment was achieved in 35 patients, with 
median time of 22 days (IQR, 10–47). Five pa‑
tients died before reconstitution due to infection.

Eight patients (20%) died within up to 100 
days due to transplant‑related reason (infection, 

Figure 1�  Impact of the disease status at the second allogeneic hematopoietic stem 
cell transplantation on overall survival (OS) (Kaplan–Meier analysis, P = 0.04) 
Abbreviations: CR, complete remission; nCR, noncomplete remission
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Conclusions  The second alloHSCT remains a cu‑
rative option for the patients with AML relapsing 
after the first alloHSCT. Achievement of CR before 
transplantation probably increases the chance for 
successful treatment. The rate of transplant re‑
lated mortality is high. Most patients died due to 
relapse of the disease.

supplementary material

Supplementary material is available at www.mp.pl/paim.

Article information

Acknowledgments  None.

Funding  This study was supported by statutory funds of the Depart-
ment of Hematology and Bone Marrow Transplantation, Poznan Universi-
ty of Medical Sciences.

Conflict of interest  None.

Open access  This is an Open Access article distributed under the terms 
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 Inter 
national License (CC BY‑NC‑SA 4.0), allowing third parties to copy and re 
distribute the material in any medium or format and to remix, transform, and 
build upon the material, provided the original work is properly cited, distrib-
uted under the same license, and used for noncommercial purposes only. For 
commercial use, please contact the journal office at pamw@mp.pl.

How to cite  Łojko A, Rupa‑Matysek J, Matuszak M, et al. Second allo-
geneic hematopoietic stem cell transplantation for relapsed acute myeloid 
leukemia: a retrospective single‑center analysis of the outcome. Pol Arch In-
tern Med. 2023; 133: 16437. doi:10.20452/pamw.16437

References

1  Harrison DT, Flournoy N, Ramberg R, et al. Relapse following marrow 
transplantation for acute leukemia. Am J Hematol. 1978; 5: 191-202. 

2  Rashidi A, Weisdorf DJ, Bejanyan N. Treatment of relapsed / refracto-
ry acute myeloid leukaemia in adults. Br J Haematol. 2018; 181: 27-37. 

3  Thanarajasingam G, Kim HT, Cutler C, et al. Outcome and prognostic fac-
tors for patients who relapse after allogeneic hematopoietic stem cell trans-
plantation. Biol Blood Marrow Transplant. 2013; 19: 1713-1718. 

4  Devillier R, Crocchiolo R, Etienne A, et al. Outcome of relapse after al-
logeneic stem cell transplant in patients with acute myeloid leukemia. Leuk 
Lymphoma. 2013; 54: 1228-1234. 

5  de Lima M, Porter DL, Battiwalla M, et al. Proceedings from the Nation-
al Cancer Institute’s Second International Workshop on the biology, preven-
tion, and treatment of relapse after hematopoietic stem cell transplantation: 
Part III. Prevention and treatment of relapse after allogeneic transplantation. 
Biol Blood Marrow Transplant. 2014; 20: 4-13. 

6  R Core Team (2021). R: A  language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Austria. 2021. 
https://www.R‑project.org/

7  Ruutu T, de Wreede LC, van Biezen A, et al. Second allogeneic trans-
plantation for relapse of malignant disease: retrospective analysis of out-
come and predictive factors by the EBMT. Bone Marrow Transplant. 2015; 
50: 1542-1550. 

8  Eapen M, Giralt SA, Horowitz MM, et al. Second transplant for acute and 
chronic leukemia relapsing after first HLA‑identical sibling transplant. Bone 
Marrow Transplant. 2004; 34: 721-727. 

9  Yalniz FF, Saliba RM, Greenbaum U, et al. Outcomes of second allogene-
ic hematopoietic cell transplantation for patients with acute myeloid leuke-
mia. Transplant Cell Ther. 2021; 7: 689-695. 

10  Zuanelli Brambilla C, Lobaugh SM, Ruiz JD, et al. Relapse after alloge-
neic stem cell transplantation of acute myelogenous leukemia and myelo-
dysplastic syndrome and the importance of second cellular therapy. Trans-
plant Cell Ther. 2021; 27: 771.e1‑771.e10. 

11  Mensah‑Glanowska P, Magda P, Sacha T. Presence of copy number ab-
errations and clinical prognostic factors in patients with acute myeloid leu-
kemia: an analysis of effect modification. Pol Arch Intern Med. 2020; 130: 
346-347. 

12  Helbig G, Duda K, Krzemień H, et al. Multiple tyrosine kinase inhibi-
tors before allogeneic stem cell transplantation for chronic myeloid leuke-
mia: toxicity and efficacy in a single‑center experience. Pol Arch Intern Med. 
2020; 130: 553-556. 

days after the transplant, 5 before neutrophil en‑
graftment. One patient died 6 months follow‑
ing the transplant due to infectious complica‑
tions, including a fungal infection, and central 
nervous system hemorrhage, and 1 patient died 
16 months after the second transplant due to an 
infection in the course of severe GvHD. The last 
2 patients were in remission of leukemia at the 
post‑transplant assessment.

Cumulative incidence of nonrelapse mortal‑
ity (NRM) was 22.5% at 12 months, and 25.1% 
at 24 and 60 months. None of such factors as dis‑
ease status at the second alloHSCT, time from 
the first alloHSCT to relapse, donor type, donor 
change, and type of conditioning had any influ‑
ence on NRM.

Discussion  Currently, there is no standard ap‑
proach to the treatment of patients with AML 
who relapse after alloHSCT. A majority of avail‑
able published observational studies or registry
‑based studies include heterogenous groups 
with various malignancies. None randomized 
controlled study has been published that com‑
pares the result of the second alloHSCT and oth‑
er methods of treatment, such as chemotherapy, 
donor lymphocyte infusion, or other new agents, 
for example, FLT3 inhibitor or inhibitor of anti
‑apoptosis factor B‑cell lymphoma 2.

One of the largest registry‑based, retrospec‑
tive study performed on behalf of the Europe‑
an Group for Blood and Marrow Transplantation, 
in which the outcomes and predictors of the sec‑
ond alloHSCT were analyzed, included as many 
as 2632 patients, however, only 36% of the pa‑
tients (n = 948) had AML. For the AML patients, 
the study reported a 5‑year OS after the second al‑
loHSCT of 17%, and a very high NRM of 42%.7 De‑
spite these poor results, cellular therapy seems to 
be better than classic chemotherapy alone.4,8 Pre‑
vious studies identified several different prognos‑
tic factors that corresponded to better outcomes, 
such as longer duration of remission, remission 
of disease at the time of transplantation, young‑
er age, as well as factors associated with signifi‑
cant mortality, such as GvHD, infections, or ongo‑
ing immunosuppression at the time of relapse.8-11

In our report, only 1 factor influenced OS 
and EFS. The patients in remission of the dis‑
ease at the time of transplantation had longer OS 
and EFS than those without remission. Howev‑
er, the analyzed group was small. The second al‑
loHSCT should not be proposed to a patient with‑
out remission of the disease or to older patients, 
with high hematopoietic cell transplantation
‑specific comorbidity index and the Eastern Co‑
operative Oncology Group score above 2 due to 
both low efficacy and high NRM.10,12

Several novel molecule inhibitors and im‑
munotherapeutic options are being investigat‑
ed. Current data suggest that the response to 
these drugs is often short‑term. Perhaps their 
combination with cellular therapy will improve 
their effectiveness.
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