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Primary refractory acute myeloid leukemia (AML) is associated with
a dismal prognosis. The FLAMSA-reduced intensity conditioning
protocol (total body irradiation or treosulfan-based) has been

described as an effective approach in patients with refractory leukemia
undergoing allogeneic hematopoietic cell transplantation. A modified
protocol (without amsacrine) has also recently been used. We retrospec-
tively analyzed the transplantation characteristics and outcomes of all
consecutive patients between the years 2003 and 2017 (n=51) diagnosed
with primary refractory AML who underwent transplantation at the
University of Cologne and the Tel Aviv Medical Center. Median age was
54 years and median follow up was 37 months. Median time to neu-
trophil and platelet engraftment was 13 (range, 8-19) and 13 (range, 7-30)
days, respectively. None of the patients had primary graft failure.
Incidences of grade 2-4 and grade 3-4 acute graft-versus-host disease
(GvHD), overall and moderate-severe chronic GvHD were 50% (95%CI:
41-67%), 12% (95%CI:  3-25%), 61% (95%CI: 47-72%), and 42%
(95%CI:  34-51%), respectively. Anti-thymocyte globulin administration
was associated with lower incidence of acute GvHD (HR: 0.327; P=0.02).
Non-relapse mortality at three months and three years were 6% and
16%, respectively. Relapse incidences were 6% and 29%, respectively.
Overall survival rates at three months, three and five years were 90%,
61%, and 53%, respectively. Chronic GvHD disease was associated with
a decreased mortality rate (HR: 0.397; P=0.045). We conclude that
sequential therapy in patients with primary refractory acute myeloid
leukemia is safe and provides a remarkable anti-leukemic effect with
durable survival and should be considered for every patient with primary
refractory disease. 
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ABSTRACT

Introduction

Primary refractory acute myeloid leukemia (AML) occurs in approximately 30%
of AML patients and is a significant challenge in disease management.1,2 Prognosis
is poor and the decision as to how to treat these patients depends on performance
status, baseline and concomitant comorbidities, disease characteristics, and patient
preference. Salvage chemotherapy, including protocols based on novel agents,
results in a dismal median overall survival (OS) of 12.5 months.3 

While attempts to reduce the rate of induction failure were seen to have only a
modest impact,4-8 the only treatment option shown to prolong survival in patients
with primary refractory disease is allogeneic hematopoietic cell transplantation
(HCT).9,10 In contrast, a second conventional chemotherapy option offers almost no
chance of cure for these patients.11,12 However, outcome after allogeneic HCT
remains unfavorable if no response is achieved prior to transplant.10 Moreover, a
substantial number of patients will never be able to undergo transplantation. 



A sequential therapy approach, based on the FLAMSA
protocol was designed to overcome these obstacles.13-15
This both shortened the time to transplant (thus reducing
ongoing repeated chemotherapy and neutropenia-associ-
ated side effects) and provided significant anti-leukemic
activity; it results in remarkable complete remission rates
and overall survival. Herein, we describe the German-
Israeli experience using sequential protocols in patients
with AML and primary induction failure, focusing on
transplantation outcomes and highlighting the importance
of this approach for patients with refractory AML and an
available donor.      

Methods

Patients
Only patients with primary refractory AML were included in

this study. Patients received either FLAMSA/total body irradiation
(TBI), FLAMSA/treosulfan, or FITCy conditioning regimen before
HCT. Primary refractory AML was defined as unresponsiveness
(at least 20% of blasts in marrow) after at least one course of 7+3
(defined on day 28-35 marrow), four courses of hypomethylating
agent, TAD/HAM, or sequential HAM-induction (s-HAM).
Percentage of blasts was documented just before the start of con-
ditioning. FLAMSA/ treosulfan instead of FLAMSA/TBI was used
in patients older than 65 years or in those with significant comor-
bidities.15 Patients with relapsed AML were not included in this
study.  Details about the donor search procedures, the comprehen-
sive treatment, and the supportive care are available in the Online
Supplementary Appendix. 

Evaluation of response
Engraftment was defined as the first of three days with a neu-

trophil count of >0.5x109/L and a non-transfused platelet count of
>20x109/L. Disease response and donor chimerism were assessed
at day +30 and day +100 in peripheral blood (PB) and bone mar-
row (BM). Complete remission (CR) was defined as <5% blast
cells in BM by cytomorphology and flow cytometry, and neu-
trophils of >1.5x109/L in PB. Hematologic relapse was defined by
the reappearance of blast cells in the PB, or by >5% blast cells in
BM. Death from leukemia was defined as death with refractory
disease after transplantation or death from any cause after post-
transplantation relapse. Non-relapse mortality (NRM) was defined
as death from any cause other than refractory disease or relapse.

Statistical analysis
All patients gave informed consent to the planned treatment

schedule as well as for anonymous data collection. The study was
approved by the local ethics committee. 
Continuous variables were described as the mean, median,

standard deviation and range of number of observations, as appli-
cable. Categorical data were described with contingency tables
including frequency and percentage. Confidence intervals were
calculated at two-sided 95% level of confidence. Two-sided
P<0.05 was considered statistically significant.
Overall survival (OS) was defined as the time from HCT until

the date of death from any cause. For subjects who are still alive,
survival data were censored at the last known date of follow up.
Disease response and disease progression were assessed according
to the previously published response criteria.11

The probabilities of OS were estimated using the Kaplan-Meier
method, and the log-rank test was used to evaluate the differences
between groups. Probabilities of NRM were estimated with the
use of cumulative incidence curves, with relapse treated as a com-

peting risk. Relapse incidence was evaluated with use of cumula-
tive incidence curves, with NRM treated as a competing risk. The
Fine and Gray method was used to evaluate the differences
between groups. Multivariate analysis was performed using a Cox
proportional hazard regression model for OS and competing risk
regression by the Fine and Gray method for NRM and relapse. We
used the Duval score to stratify patient populations; patients were
scored on a scale of 1-4, considering the fact that all patients were
in a primary refractory state.16 SPSS version 23, R 3.1.0 statistical
software, and Prism version 5.0 were used for statistical analysis.

Results

Between March 2005 and January 2018, we identified
51 patients who had a primary refractory disease and
were treated at the University of Cologne (n=30) or at the
Tel Aviv Medical Center (n=21). Table 1 shows patients’
characteristics. Median follow up of surviving patients
was 37 (2-154) months. Median age was 54 (range, 18-73)
years. In the majority of patients, prior chemotherapy
was either TAD/HAM or sHAM (n=30, 59%) or 7+3 only
(n=11, 22%). Median time from induction chemotherapy
to HCT was 84 (25-183) days. The preparative regimen
was FLAMSA-TBI (n=13, 26%), FLAMSA-Treosulfan
(n=17, 33%) or FITCy-TBI (n=21, 41%). Anti-thymocyte
globulin (ATG) was given as part of the conditioning in 6
of 20 (30%) grafts derived from siblings and in 24 of 30
(80%) grafts derived from an unrelated donor. In almost
all cases, the graft was derived from peripheral blood
stem cells. 

Early transplantation course
All 51 patients were evaluated for early transplantation

toxicities. Eleven patients (22%) developed documented
infections, including invasive aspergillus (n=2, 4%), gram-
negative bacteremia (n=6, 12%), gram-positive bac-
teremia (n=2, 4%) and C. difficile-associated diarrhea
(n=1, 2%). In two patients (4%), the etiology of sepsis
could not be determined. 
Two (4%) patients developed acute respiratory distress

syndrome (ARDS) and two (4%) patients developed sinu-
soidal obstruction syndrome (SOS). In one case, ARDS
resulted in early mortality at seven days post transplanta-
tion. Data regarding mucositis were available in 21 of 51
patients (41%). Only two (10%) patients experienced
grade 3-4 mucositis, whereas five (24%) did not develop
any mucositis. Median time to neutrophil engraftment
was 13 (range, 8-19) days and median time to platelet
engraftment was 13 (range, 7-30) days. None of the
patients had primary graft failure. In all patients, analyses
of whole marrow chimerism showed 96-100% donor-
derived cells on day 30 post HCT. 

Graft-versus-host disease
Median onset of grade 2-4 acute GvHD was 26 (range,

7-162) days. Among those patients who developed acute
GvHD, involvement of skin, gut, and liver occurred in 17
(50%), 14 (41%), and 10 (29%) of the patients, respective-
ly. By day 100, the cumulative incidences of grade 2-4 and
grade 3-4 acute GvHD were 50% (95%CI: 41-67%) and
12% (95%CI: 3-25%), respectively (Figure 1A).  In uni-
variate analysis, male gender was associated with a high-
er incidence of acute GvHD, while older age and ATG
administration were associated with a lower incidence of
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acute GvHD.  In multivariate analysis, only use of ATG
had a statistically significant impact on the incidence of
acute GvHD (HR 0.327, 95%CI:  0.13-0.82; P=0.02).
Median time for the development of chronic GvHD

was 9.4 (range, 2.5-12.4) months. At two years post HCT,
the cumulative incidence of overall and moderate-severe
chronic GvHD were 61% (95%CI: 47-72%) and 42%
(95%CI: 34-51%), respectively (Figure 1B).  In univariate
analysis, ATG administration was associated with lower
incidence of overall chronic GvHD, while prior acute
GvHD was associated with an increased incidence of
chronic GvHD (Table 2). Following multivariate analysis,
only prior acute GvHD was associated with a statistically
significant impact on chronic GvHD (HR: 1.96, 95%CI:
1.12-3.42; P=0.04). 

Non-relapse mortality 
Ten patients died because of non-relapse mortality. In

six patients, death was preceded either by acute or chronic
GvHD.  There were three deaths within 30 days from
HCT: one patient developed grade 3 acute GvHD, one
patient who underwent HCT due to transformed chronic
myelomonocytic leukemia (CMML) into AML with pre-
transplant hepato-splenomegaly developed severe SOS,
and one patient developed sepsis. The cumulative inci-
dences of NRM at 30 days, three months, one year, and
three years were 6%, 6% and 13%, and 16%, respectively
(Figure 2A).   There were three cases of late (>3 years after
transplant) mortality: two patients had prior severe chron-
ic GvHD, while the third, a 73-year old patient, died at the
age of 78 with no transplant-associated toxicities. There
was no difference between the three protocols in terms of
NRM. Because of the low number of events, we did not
perform regression analyses for NRM. 

Disease response and relapse incidence 
Response analysis performed on day 30 showed that

only one patient (2% of the 48 patients who survived the
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Table 1. Patients' characteristcs.
                                                                                  All Cohort (n=51)

Domain                                                                                                      
Sex,  n male (%)                                                                             22 (43%)
Age, median, range (years)                                                         54,  18-73
Median days to HCT, range                                                         84 (25-183)
Cytogenetics                                                                                             
Normal karyotype                                                                       28 (55%)
Complex karyotype                                                                    13 (26%)
Other                                                                                             10 (19%)

Molecular                                                                                                  
FLT3-ITD                                                                                       14 (28%)
JAK2                                                                                                 2 (4%)
BCRABL                                                                                          1 (2%)
FLT3-TKD                                                                                      6 (12%)
MLL                                                                                                  1 (2%)
RUNX1                                                                                             3 (6%)

Prior Chemotherapy                                                                               
TAD/HAM                                                                                       7 (14%)
sHAM                                                                                             23 (45%)
7+3 only                                                                                        11 (22%)
7+3 plus salvage                                                                          8 (13%)
Azacitidine only                                                                             3 (6%)

% blasts in marrow prior to HCT (range)                             24 (5-93) %
Preparative regimen                                                                              
FLAMSA-TBI-based                                                                    13 (26%)
FLAMSA-Treo-based                                                                  17 (33%)
FITCy-TBI-based                                                                         21 (41%)
ATG                                                                                                 30 (59%) 

Donor                                                                                                         
Matched-related                                                                         19 (37%)
Mismatched-related                                                                    1 (2%)
Matched-unrelated                                                                    26 (51%)
Mismatched-unrelated                                                              5 (10%)
Female-to-male                                                                          12 (24%)

CMV status (D/R)                                                                                   
+/+                                                                                               28 (54%)
+/-                                                                                                  5 (10%)
-/+                                                                                                  8 (16%)
-/-                                                                                                   10 (20%)

Graft characteristics                                                                              
Peripheral blood (%)                                                                50 (98%)
CD34, median, range (x106/kg)                                              6 (2.6-14.6)
CD3, median, range (x108/kg)                                                 1.9 (1-4.9)

N: number; HCT: hematopoietic cell transplantation; TBI: total body irradiation; D/R:
donor/recipient; ATG: anti-thymocyte globulin; CMV: cytomegalovirus. 

Figure 1. Incidence of graft-versus-host disease (gvHD). (A) Grade 2-4 and
grade 3-4 acute GvHD. (B) Overall and moderate-severe chronic GvHD. HCT:
hematopoietic cell transplantation.
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first month after HCT) did not respond to treatment,
whereas all other patients obtained complete remission.
There were 12 cases of relapse. Relapse incidence at three
months, one year, and three years post HCT were 6%,
20%, and 29%, respectively (Figure 2B).  There were no
cases of late relapses (occurring more than 3 years post
HCT). Among the relapsing patients, eight (67%) had a
baseline complex karyotype and four (33%) had FLT3-ITD
with normal karyotype. There was no difference between
the three protocols in terms of incidence of relapse. ATG
also did not affect relapse incidence. Patients with baseline
complex or monosomal karyotype had a higher risk for
relapse (HR: 5.3, 95%CI: 1.6-17.9; P=0.008).  Due to the
low number of events, we did not perform a full regres-
sion analysis for relapse. 
Intervention at the time of relapse was donor lympho-

cyte infusion (DLI) (n=5) and a second allogeneic HCT
(n=1). Only the patient who had a second transplant sur-
vived (73 months post HCT and still alive). Median time
from relapse to death among all 11 patients was 1.9
months. Median time from relapse to death in patients
given DLI (n=5) was 5.5 months. 

Overall survival
At the time of data analyses, 23 patients were alive.

Incidences of OS at three months, and one, three, and five
years post HCT were 90% (95%CI: 84-96%), 71%
(95%CI: 60-83%), 61% (95%CI: 54-69%), and 53%
(95%CI: 41-66%), respectively (Figure 2C). 
In univariate analyses, older age and a 9/10 mismatched

graft were associated with an increase in the mortality
rate, while ATG administration and chronic GvHD were
associated with a decreased mortality rate (Table 2). In
multivariate analysis, older age remained statistically sig-
nificant and was associated with increased mortality (HR:

1.32, 95%CI: 1.09-1.71; P=0.046), while only chronic
GvHD was associated with decreased mortality (HR:
0.397, 95%CI: 0.07-0.93; P=0.045).  Survival was not influ-
enced by time from diagnosis to HCT as a continuous
variable, even when we segregated patients into HCT ≤60
days from diagnosis, HCT 61-120 days from diagnosis,
and HCT ≥120 days from diagnosis (median not reached,
49 months, and 35 months, respectively; P=0.59) (Figure
2D). Survival was also similar between the TBI-FLAMSA,
TREO-FLAMSA, and FITCy protocols (1-year OS, 69%,
71%, and 75%, respectively; P=0.91).  
Patients with Duval score of 4 had a mean OS of 47

(95%CI: 12-82) months, compared to patients with a
score of 2 and 3 who had a mean OS of 69 (95%CI: 47-91)
months and 61 (95%CI:  44-78) months, respectively
(P=0.055). 

Discussion

We summarized the long-term experience with FLAM-
SA-based protocols given to patients with primary refrac-
tory AML. Median age was 54 years with the oldest
patient being 72 years old.  Early toxicities were accept-
able, with only 4% of the cases developing SOS or ARDS
and only one fatal event. Incidence of severe mucositis
was rare and occurred in only 10% of the patients. NRM
at 30 days was 6%, reflecting the feasibility of the proto-
col even in older patients, and highlighting the fact that,
although all patients experienced prolonged and pro-
found neutropenia, severe infections were not a signifi-
cant issue.  
All patients engrafted at a median of 13 days. Acute

GvHD occurred in 50% of the patients and 12% devel-
oped grade 3-4 acute GvHD. These rates are quite accept-
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Table 2. Univariate and multivariate analyses for transplantation outcomes.
    Datum                                                                                    Univariate analysis                                                          Multivariate analysis
                                                                                     HR                  95% CI                    P                                HR                   95% CI                 P

Acute GvHD                                                                                   
    Sex (male)                                                          1.41             1.10-5.25             0.027                                  1.75                     0.55-9.04                 0.13
     Age                                                                     0.98             0.95-1.00             0.055                         0.98              0.95-0.99           0.04
     ATG                                                                     0.39             0.18-0.88              0.02                          0.33              0.13-0.82           0.02
     Matching (9/10 vs. 10/10)                                                    1.16                    0.39-3.36                      0.79                                                                                                     
     Donor sex (female to male vs. other)                            1.38                    0.58-3.29                      0.46                                                                                                     
Chronic GvHD
     Sex, male                                                                                 1.2                     0.51-2.82                      0.66                                                                                                     
     Age                                                                                          0.99                    0.97-1.01                      0.49                                                                                                     
     ATG                                                                     0.67             0.29-0.95             0.045                                  0.79                     0.44-1.11                 0.09
     Donor sex (female to male vs. other)                             1.7                     0.93-4.45                      0.08                                                                                                     
     Prior acute GvHD                                                  1.8               1.23-4.7              0.025                         1.96              1.12-3.42           0.04
Overall Mortality                                                                           
Sex (male)                                                                              1.8                     0.76-4.26                      0.18                                                                                                     

     Age                                                                     1.48               1.1-1.9               0.013                         1.32              1.09-1.71          0.046
     Time to HCT                                                                          1.00                    0.98-1.02                      0.23                                                                                                     
     Conditioning type                                                                 1.22                     0.42-3.5                       0.71                                                                                                     
     ATG                                                                     0.84             0.35-1.01              0.05                                   0.71                     0.22-1.17                 0.07
     Matching (9/10 vs. 10/10)                                       2.25             1.05-6.75             0.048                                   2.1                       0.88-5.3                 0.090
     Prior acute GvHD                                                                  1.4                     0.44-2.46                      0.93                                                                                                     
     Prior chronic GvHD                                              0.23             0.06-0.83             0.025                        0.397             0.07-0.93          0.045
HR: Hazards Ratios; CI: Confidence Interval; GvHD: graft-versus-host disease; ATG: anti-thymocyte globulin; HCT: hematopoietic cell transplantation. Statistically significant factors
in bold.



able, considering the fact that 61% of the patients had an
unrelated donor (12% were only 9/10-HLA identical).
Nonetheless, there were several cases of late acute GvHD.
This may suggest a more cautious approach than the stan-
dard post 3-month cyclosporine-tapering schedule.
Another important finding in our analysis is the fact that
the administration of ATG was found to be associated
with a lower incidence of acute GvHD. The impact of
ATG on acute GvHD, although still controversial, was
demonstrated also by others.17,18 Although the three differ-
ent protocols used different doses of ATG (15-60 mg/kg),
it would appear that there was no significant difference
between the various doses, as has been shown
previously.19 Interestingly, in our study, the use of ATG
was not found to correlate with a lower incidence of
chronic GvHD and was not associated with a higher
relapse rate.
Non-relapse mortality at three months was low (6%)

and probably reflects the low incidence of early complica-
tions (i.e. severe mucositis and SOS) and of grade 3-4
acute GvHD. The fact that patients with primary refracto-
ry AML experience a prolonged and profound neutropenia
suggest that this group may benefit from fungal and bac-
terial prophylaxis, as well as a weekly surveillance testing. 
This protocol had significant anti-leukemia efficacy

with 98% of the patients responding. Considering that,
for the same population, response to salvage chemothera-
py is only 30-50%,20 (and is approaching 64% in patients
receiving a direct allogeneic HCT3), our results suggest
that, for selected patients, the sequential therapy approach
is superior. When focusing on durable response and OS, in
our cohort that received sequential therapy the 3-year
overall survival was 61%. These results are superior to
previous reports of patients who had primary refractory
disease, achieved complete remission after salvage
chemotherapy and proceeded to allogeneic HCT (OS of
48%), to those who were transplanted directly with a
refractory disease (OS of 36%), and those with refractory
disease who never received a transplant (OS of 25%).3 Yet,
although limited by the small sample size, among those
patients who had post-transplant relapse, high-risk dis-
ease features were common. In addition, patients with a
higher Duval score had a shorter OS compared to those
with a lower score, and thus our study further validates
the original Duval paper.16 
In our study, the only factor that was associated with

prolonged survival was prior chronic GvHD, suggesting
that, although associated with significant morbidity, and
sometimes also with increased mortality, in this cohort of
high-risk patients, graft-versus-leukemia effect is essential. 
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Figure 2. Transplantation outcome. (A) Relapse rate,  (B) non-relapse mortality, (C) overall survival (OS), and (D) OS by time to hematopoietic cell transplantation
(HCT).
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Our study has several limitations. First, as opposed to
our definition of primary refractory disease, the recently
published European LeukemiaNet (ELN) guidelines rec-
ommend considering primary refractory disease after only
two induction cycles, irrespective of the schedule used in
the second cycle.11 Nevertheless, when comparing previ-
ously published literature to our results, these recommen-
dations do not reflect what others have considered to be
standard clinical practice. Thus, although a portion of our
cohort received only one cycle of induction chemotherapy
and may represent a “better prognosis” group, results are
still better when compared to other salvage protocols.
Second, identifying patients for upfront sequential thera-
py may be associated with a selection bias for fitter
patients. However, the median age of patients in our

cohort was 54 years, which represents a ‘typical’ trans-
planted leukemia patient. Third, creating and operating a
system that can quickly identify donors is challenging and
requires substantial resources, which are not always avail-
able in all centers.
In summary, sequential therapy for patients with pri-

mary refractory AML is associated with a substantial anti-
leukemic effect, relatively low toxicity, and 61% 3-year
OS. Future protocols should focus on better prevention
and control of GvHD, predicting and decreasing relapse
incidence in high-risk patients using minimal residual dis-
ease tests and post-allogeneic maintenance therapy (i.e.
tyrosine kinase inhibitors in patients with FLT3-ITD
AML), and prospectively validate these results in a larger
cohort of patients. 
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