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A B S T R A C T
While allogeneic hematopoietic stem cell transplantation (allo-HCT) currently offers the only curative option for
patients with myelodysplastic syndrome (MDS), there is still a high risk of relapse or transplant-related complica-
tions. We collected data on all patients who had undergone allo-HCT at our center (Copenhagen University Hospi-
tal) between 2000 and 2018. In total, 215 patients with MDS (n = 196) or chronic myelomonocytic leukemia
(n = 19) were included. Estimated 1-year overall survival (OS) was 70.3% (95% confidence interval [CI], 64.2% to
77.0%), and the median survival was 7.7 years (95% CI, 4.7 to indeterminable). There was a significant improve-
ment in OS over time (P = .011, comparing 2000 to 2010, 2010 to 2014, and 2014 to 2018). Treatment was stan-
dardized throughout the study period, allowing comparison between patients receiving nonmyeloablative (NMA,
n = 124), standard myeloablative (SMA, n = 36), and fludarabine and treosulfan (FluTreo, n = 55) conditioning. Flu-
Treo has myeloablative properties but lower toxicity and replaced standard myeloablative conditioning at our
center in 2014. The FluTreo group was significantly older and had more comorbidities than the SMA group but
similar disease severity. One-year OS was 84.0% (95% CI, 74.3% to 94.9%), 58.3% (95% CI, 44.3% to 76.9%), and 68.3%
(95% CI, 60.2% to 77.5%) for FluTreo, SMA, and NMA, respectively (P = .04). In univariate analysis, Revised Interna-
tional Scoring System (IPSS-R) (high versus low), donor sex mismatch, and cytomegalovirus status mismatch
were significant factors for OS. In multivariate analysis of OS including age, IPSS-R, and HCT specific comorbidity
index, NMA was borderline inferior to FluTreo (P = .073) while SMA was significantly inferior to FluTreo with a
hazard ratio of 6.89 (95% CI, 2.53 to 18.77, P < .001). The introduction of FluTreo allowed us to administer a mye-
loablative regimen to a broader patient group and shows promising results.

© 2020 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.
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Allogeneic hematopoietic stem cell transplantation (allo-
HCT) is the only known potentially curative treatment for
myelodysplastic syndromes (MDS) and chronic myelomono-
cytic leukemia (CMML). However, outcomes are generally
poor, with a significant risk of relapse or transplant-related
mortality. Prognosis for patients with MDS undergoing trans-
plantation can be delineated by widely used clinical scores
such as the Revised International Scoring System (IPSS-R).
Overall survival (OS) at 5 years post-transplantation ranges
from 23% to 71% for patients with very high-risk and very low-
risk IPSS-R scores, respectively [1]. Additional prognostic
factors include age, HCT specific comorbidity index (HCT-CI)
[2], donor HLA match, sex match, and response to induction
chemotherapy [3-6]. Fibrotic bone marrow pathology and
therapy-related MDS are also associated with a poor prognosis
[7,8]. Complex or monosomal karyotype are predictive of a
poor outcome, and several studies have shown a poor progno-
sis related to genetic mutations, particularly TP53 [4,9-11].
However, it has been estimated that genetic alterations con-
tribute only 30% of the risk, with the remaining attributed to
clinical factors [9].

There are numerous conditioning regimens in use interna-
tionally, covering a continuum of intensity from highly toxic to
mild and falling into categories of myeloablative conditioning,
reduced-intensity conditioning (RIC) and nonmyeloablative
(NMA) conditioning. RIC regimens have an intermediate level
of toxicity, while NMA regimens are the mildest option and
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Figure 1. Overview of conditioning regimens used during the study period, showing the 3 time periods used for data analysis and patient age. Additional disease fac-
tors (blast count <5% required for NMA) and patient factors (low HCT-CI score required for SMA) were also involved in the choice of conditioning regimen.

1092 E. Wedge et al. / Biol Blood Marrow Transplant 26 (2020) 1091�1098
are defined by both limited hematologic toxicity and the possi-
bility for spontaneous recovery of hematopoiesis in the event
of graft failure [12]. Increasing intensity of conditioning
reduces the risk of relapse but increases the risk of nonrelapse
mortality (NRM), according to several retrospective studies
comparing myeloablative regimens with RIC or RIC with NMA
[13-15]. The selection of conditioning should therefore be
based on an assessment of patient age, comorbidity, and dis-
ease risk to determine a regimen with the most acceptable risk
profile. European guidelines recommend myeloablative condi-
tioning for patients with high-risk disease and good perfor-
mance status and RIC for patients with comorbidities [16].
There are few randomized studies, but those that have been
carried out comparing RIC to myeloablative regimens in MDS
support this approach [17,18].

Fludarabine and treosulfan (FluTreo), a more recently intro-
duced conditioning regimen with myeloablative properties but
lower toxicity (also termed reduced toxicity conditioning), was
initially proposed as an alternative for patients not eligible for
existing myeloablative regimens [19]. It has since been shown
in several nonrandomized, single-arm, prospective studies to
give a relatively low NRM together with a low relapse inci-
dence [20,21]. This is supported by findings of a retrospective
study comparing FluTreo with an RIC regimen, fludarabine/
busulfan/anti-thymocyte globulin, where FluTreo patients dis-
played a significantly better 1-year OS [22].

Here, we report a retrospective, single-center study of out-
comes after allo-HCT for MDS and CMML over an 18-year
period. We present OS, relapse incidence, and NRM, according
to time period (reflective of overall treatment strategy) and
conditioning regimen to describe progress in the field in a
real-life setting and investigate the results of adopting FluTreo
conditioning.

METHODS
Study Design

All adult patients (aged �18 years) with MDS or CMML who underwent
allo-HCT between 2000 and 2018 at Rigshospitalet (Copenhagen University
Hospital) were included. Selection of patients eligible for allo-HCT in Den-
mark is based solely on clinical indication, independent of socioeconomic fac-
tors such as insurance coverage. This study was approved by the Ethics
Committees for the Capital Region of Denmark with reference number H-
18017080 and complies with Danish data protection law.

Data were extracted from medical records. Diagnosis is described accord-
ing to the World Health Organization 2008 criteria. Risk scores (HCT-CI, IPSS,
IPSS-R) were collected as recorded in the clinical notes or calculated if not
stated. Outcome data on the development of acute graft-versus-host disease
(GVHD), chronic GVHD, relapse, and death were recorded with a data lock on
December 18, 2018.

Treatment Regimens
Choice of treatment has been largely standardized during the study

period. Until September 2014, a myeloablative regimen of total body irradia-
tion (TBI) (12 Gy) with high-dose cyclophosphamide (120 mg/kg) (n = 21
patients) or high-dose busulfan (12.8 mg/kg) in combination with high-dose
cyclophosphamide (120 mg/kg) (n = 15) was the first choice for younger
patients (hereafter termed standard myeloablative [SMA]). All SMA patients
were isolated in HEPA-filtered rooms during cytopenia. Older patients
(>50 years in periods 1 and 2 and >65 years in period 3) or those with a high
HCT-CI generally received an NMA regimen consisting of fludarabine 90 mg/
m2 over 3 days in combination with TBI (2 to 4 Gy) (n = 124). A bone marrow
blast percentage <5% was required for transplantation with NMA condition-
ing. In September 2014, the standard conditioning for patients aged 18 to 65
years was changed to fludarabine 150 mg/m2 over 5 days in combination
with treosulfan (42 g/m2) over 3 days (FluTreo, n = 55). The treatment strate-
gies used during the study period are summarized in Figure 1.

Immunosuppression following transplantation has also been standard-
ized. SMA patients received short-course methotrexate and cyclosporine A,
NMA patients received tacrolimus and mycophenolate mofetil, and FluTreo
patients received methotrexate and tacrolimus. Supplementary anti-thymo-
cyte globulin has only been used in occasional cases for patients conditioned
with SMA and with a mismatched unrelated donor. NMA patients with a mis-
matched unrelated donor received immunosuppression according to the Fred
Hutchinson Cancer Research Center protocol 2206 with cyclosporin, siroli-
mus, and mycophenolate mofetil.

Statistical Analysis
Statistical analysis was carried out in SPSS for Windows version 25 (SPSS,

Inc., Chicago, IL) and R version 3.6.0 (The R Foundation for Statistical Comput-
ing, Vienna, Austria). Comparisons were carried out between 3 time periods
(2000 to 2009; 2010 to August 31, 2014; September 1, 2014, to December 18,
2018) and between the 3 conditioning regimens (NMA, SMA, Flu/Treo). Median
follow-up was calculated using the reverse Kaplan-Meier estimator [23]. One-
way analysis of variance was performed for normally distributed variables and
Kruskal-Wallis analysis for non-normally distributed variables. Normality was
assessed visually using histograms. Categorical variables were analyzed by chi-
squared test. Cumulative incidence was calculated for relapse (NRM as com-
peting event) and GVHD (death as competing event). Univariate analyses for
OS were performed using the Kaplan-Meier method; all OS percentages are
estimates due to censoring. Multivariate analysis was performed using Cox
proportional hazards regression for OS, with checks of proportional hazards
and linearity using Aalen methods, and with Fine and Gray proportional haz-
ards regression for relapse incidence and NRM, with checks of proportionality
and linearity using methods of Li et al. [24]. Variables for multivariate analysis
were predefined in the study protocol, and one of these (blast count >5% at
time of transplantation) was removed from the final model to restrict the
number of variables to an acceptable number and as it was not significant.
Two-sided P values of <.05 were considered significant. Adjusted P values
using the Bonferroni correction are given for post hoc analyses where stated.

RESULTS
Patient Characteristics

In total, 215 patients with MDS (n = 196) or CMML (n = 19)
received an allo-HCT at our center between 2000 and 2018
(median follow-up 4.1 years; range, 4 days to 18.8 years).

The proportion of patients receiving a myeloablative regi-
men decreased from 44% in period 1 to 22% in period 2, while
the median age increased from 51 to 59 years (adjusted
P = .001) and HCT-CI was unchanged (median 0 and 0.5,
adjusted P = 1.00). In period 3, the number of patients receiv-
ing myeloablative conditioning (now FluTreo) increased to
54%, despite no decrease in median age (59 and 62 years,
adjusted P = .412) and a significant increase in median HCT-CI
(from 0 to 2.5, adjusted P < .001). There was no change in the



Table 1
Patient, Disease, and Transplantation Characteristics According to Conditioning Regimen.

Characteristic NMA SMA FluTreo P Value

Patients (n = 215), n (%) 124 (58.0) 36 (17.0) 55 (26.0)

Median follow-up, yr* 5.1 9.7 2.4

Age, median (range), yr 63 (28-78) 41 (18-59) 59 (21-66) <.001

Time from diagnosis to transplantation, median (range), days 323 (100-6899) 282 (115-3689) 253 (76-3982) .358

HCT-CI, median (range) 2 (0-8) 0 (0-5) 2 (0-7) .001

CMML diagnosis, n (%) 11 (10.0) 3 (8.0) 5 (9.0) .992

t-MDS diagnosis, n (%) 15 (12.0) 3 (8.0) 9 (16.0) .513

RAEB diagnosis, n (%) 54 (44.0) 21 (58.0) 23 (42.0) .237

IPSS, median (range) 1 (0-3) 1 (1-3) 1 (0-6) .892

IPSS-R, median (range) 4.5 (0-9) 5 (3-7) 5 (2-10) .530

Pretreatment, n (%)

Supportive 50 (40.3) 22 (61.1) 26 (47.3)

5-aza 31 (25.0) 3 (8.3) 20 (36.4)

Intensive chemotherapy 40 (32.3) 10 (27.8) 9 (16.4) .012

�5% blasts at HCT, n (%) 3 (2.0) 11 (31.0) 15 (27.0) <.001

Donor type (n = 214), n (%)

Matched related 27 (21.8) 14 (40.0) 14 (25.5)

Matched unrelated 88 (71.0) 17 (48.6) 41 (74.5)

Mismatched unrelated 9 (7.3) 4 (11.4) 0 .024

CMVmatch, n (%)

Negative match 28 (23.1) 9 (25.0) 19 (34.5)

Negative donor, positive patient 41 (33.9) 9 (25.0) 16 (29.1)

Positive donor, negative patient 11 (9.1) 7 (19.4) 3 (5.5)

Positive match 41 (33.9) 11 (30.6) 17 (30.9) .290

Sex match, n (%)

Male match 47 (37.9) 14 (38.9) 25 (45.5)

Male mismatch 25 (20.2) 8 (22.2) 7 (12.7)

Female match 30 (24.2) 9 (25.0) 11 (20.0)

Female mismatch 22 (17.7) 5 (13.9) 12 (21.8) .794

t-MDS indicates therapy-related myelodysplastic syndrome. P values in bold are significant.
*calculated by reverse Kaplan Meier estimate given this has been explained in the method section.
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disease severity of patients who underwent transplantation
over the study period in terms of IPSS, IPSS-R, or the proportion
of patients with a World Health Organization diagnosis with
excess of blasts (refractory anemia with excess blasts [RAEB] 1
or RAEB-2), and there was no significant change in the time
from diagnosis to transplantation (Supplementary Table S1).

Overall Survival
One-year OS for the entire study population was 70.3% (95%

confidence interval [CI], 64.2% to 77.0%), and 3-year OS was
63.4% (95% CI, 56.8% to 70.8%). The median survival was
7.7 years (95% CI, 4.7 to indeterminable). OS was lower for
patients who underwent transplantation for CMML than for
MDS. One-year OS for CMML patients was 42.9% (95% CI, 24.8%
to 74.2%) and plateaued at this level until beyond 5 years. This
compares to 72.9% (95% CI, 66.7% to 79.7%) 1-year OS (P = .002)
and 65.3% (95% CI, 58.4% to 72.9%) 3-year OS (P = .011, Supple-
mentary Figure S1) for patients with MDS.

There was a significant improvement in OS over the 3 time
periods (P = .011, Supplementary Figure S2). One-year OS was
58% in period 1 (95% CI, 45.8% to 73.4%), 65.6% in period 2 (95%
CI, 55.0% to 78.4%), and 81.4% in period 3 (95% CI, 73.4% to
90.2%) (P = .012). There was no significant change in the cumu-
lative incidence of relapse or NRM (P = .413 and P = .100,
respectively) (Supplementary Figure S3A,B). The 3-year cumu-
lative incidence of relapse was 22.0% (95% CI, 11.7% to 34.4%)
in period 1, 23.5% (95% CI, 13.9% to 34.6%) in period 2, and
17.7% (95% CI, 10.0% to 27.3%) in period 3. The 3-year cumula-
tive incidence of NRM was 32% (95% CI, 19.5% to 45.2%) in
period 1, 18.9% (95% CI, 10.4% to 29.5%) in period 2, and 11.7%
(95% CI, 6.2% to 19.2%) in period 3.

Patient Characteristics According to Conditioning Regimen
Patients conditioned with FluTreo had a significantly higher

age (median 59 versus 41 years, adjusted P< .001) and HCT-CI
(2 versus 0, adjusted P = .001) than the SMA group and a signif-
icantly lower age (median 59 versus 63 years, adjusted
P = .005) than the NMA group. HCT-CI scores were similar for
FluTreo and NMA (median 2 for both, adjusted P = .903). A sim-
ilar proportion of patients in the SMA and FluTreo groups had
bone marrow blasts >5% at the time of transplant (31% and
27%, respectively) compared to 2% in NMA patients (P < .001),
indicating that only occasional cases deviated from the selec-
tion strategy for NMA. There was no significant difference in
IPSS, IPSS-R, time from diagnosis, or presence of a RAEB diag-
nosis between the 3 conditioning regimens (Table 1).

Outcomes According to Conditioning Regimen
One-year OS was 84.0% (95% CI, 74.3% to 94.9%), 58.3% (95%

CI, 44.3% to 76.9%), and 68.3% (95% CI, 60.2% to 77.5%) for Flu-
Treo, SMA, and NMA, respectively (P = .04). Three-year OS was
71.0% (95% CI, 56.5% to 89.1%), 52.8% (95% CI, 38.7% to 71.9%),
and 62.0% (95% CI, 53.5% to 71.9%), respectively (P = .075,
Figure 2).



Figure 2. Kaplan-Meier analysis showing 3-year overall survival for the 3 conditioning regimens (NMA, purple line; SMA, red line; FluTreo, yellow line). Censoring
indicated by vertical dashes.
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Acute and Chronic GVHD
The cumulative incidence of acute GVHD at 100 days post-

transplantation was significantly higher in the SMA group at
55.6% (95% CI, 37.6% to 70.2%) but similar in the NMA and Flu-
Treo groups at 29.8% (95% CI, 22.0% to 38.0%) and 32.0% (95%
CI, 19.9% to 44.8%), respectively. The cumulative incidence of
chronic GVHD at 3 years post-transplantation was highest in
the NMA group at 62.2% (95% CI, 52.4% to 70.6%), followed by
the SMA group at 50.0% (95% CI, 32.4% to 65.3%), and lowest in
the FluTreo group at 38.2% (95% CI, 23.8% to 52.5%). Figures 3A
Figure 3. Cumulative incidence of (A) acute GVHD and (B) chronic GVHD for NMA (p
indicated by vertical dashes.
and 3B display the cumulative incidence of acute and chronic
GVHD throughout the study period, showing the significant
differences between the conditioning regimens (P = .002 and
.046 for acute and chronic GVHD, respectively).

Relapse and Nonrelapse Mortality
There was no significant difference in cumulative relapse or

NRM incidence (P = .225 and P = .425, respectively, Figure 4A,B)
between conditioning regimens. The 3-year cumulative inci-
dence of relapse was 14.8% (95% CI, 5.8% to 27.8%) for FluTreo,
urple line), SMA (red line), and FluTreo (yellow line) conditioning. Censoring



Figure 4. (A) Cumulative incidence of relapse and (B) cumulative incidence of nonrelapse mortality for NMA (purple line), SMA (red line), and FluTreo (yellow line)
conditioning. Censoring indicated by vertical dashes.
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19.4% (95% CI, 8.4% to 33.9%) for SMA, and 23.3% (95% CI, 16.0%
to 31.5%) for NMA. The unadjusted hazard ratio for relapse,
with FluTreo as reference, was 1.63 for SMA (95% CI, 0.57 to
4.68, P = .370) and 2.09 for NMA (95% CI, 0.89 to 4.91, P = .091).
Three-year NRM was 13.6% (95% CI, 5.9% to 24.6%) for FluTreo,
33.3% (95% CI, 18.5% to 48.9%) for SMA, and 17.9% (95% CI,
11.4% to 25.6%) for NMA. The unadjusted hazard ratio for NRM,
with FluTreo as reference, was 2.46 for SMA (95% CI, 0.96 to
6.29, P = .061) and 1.16 for NMA (95% CI, 0.49 to 2.78, P = .730).

Prognostic Factors
The IPSS-R did not reach significance as 5 separate groups,

but when grouped into high (high and very high risk) versus
low (very low, low, and intermediate risk), it showed a signifi-
cant effect on 3-year OS (P = .018). Donor sex mismatch and
cytomegalovirus (CMV) status mismatch were also significant
factors in univariate analysis (Table 2). The effect of sex mis-
match was specific to male patients with a female donor, and
the risk variable was therefore narrowed to this group. The effect
of CMV mismatch was specific to CMV-positive patients with a
CMV-negative donor, and this risk variable was likewise refined.

Multivariate analysis using preselected prognostic factors
showed that increasing age (for those younger than 60 years),
IPSS-R high (versus low), HCT-CI >2, and conditioning regimen
were all significant factors for 3-year OS. FluTreo was used as
the reference group for the comparison of conditioning regi-
mens, and NMA was borderline significantly inferior (P = .073)
while SMA was highly significantly inferior with a hazard ratio
of 6.89 (95% CI, 2.53 to 18.77, P < .001) (Table 3). The analysis
showed that the hazard associated with age was nonlinear, and
it was necessary to include a change in risk at age 60 years to
produce an acceptable model. This resulted in a finding of falling
hazard with increasing age among those older than 60 years.
This was not necessary in modeling relapse incidence. Increasing
age (hazard ratio [HR], 1.04; 95% CI 1 to 1.08, P = .035) and high
IPSS-R score (HR, 4.71; 95% CI, 1.91 to 11.59, P < .001) were sig-
nificant prognostic factors for relapse, and neither NMA nor
SMA showed significant effect relative to FluTreo. The only sig-
nificant factor for NRMwas SMA conditioning relative to FluTreo
(HR, 3.68; 95% CI 1.20 to 11.26, P = .022) (Table 4).
Subgroup analyses for age over 65 years and HCT-CI over 3
showed that there was no association with OS among NMA
patients (Supplementary Figures S4 and S5). OS was extremely
poor for the few FluTreo patients with an HCT-CI above 3 (Sup-
plementary Figure S6A, P = .001), with no patients surviving
beyond 3 years to date (5 deaths, 4 censored). However, HCT-
CI over 2 (n = 24) was also significantly associated with poor
OS in this group (Supplementary Figure S6B, P = .004).

DISCUSSION
We have observed several interesting trends at our center

over the past 18 years in patients with MDS undergoing allo-
HCT. Overall survival has increased, despite transplantation
being offered to older patients and those with more comorbid-
ity. Importantly, this was in the context of similar disease
severity. The changes in outcome therefore appear to reflect
adjustments in treatment strategy. A major change in practice
occurred in September 2014 with the introduction of FluTreo
conditioning. The lower toxicity of this regimen allowed us to
use a myeloablative regimen for a larger proportion of
patients, who were older and more comorbid, without an
increase in mortality. In fact, the FluTreo group showed a
significantly higher OS than the other regimens at 1 year.
Our finding of 84% estimated 1-year OS is in line with other
FluTreo studies, which report 67% to 82% 1-year OS [8,20-
22]. We could not detect a statistically significant reduction
in relapse rate with FluTreo; the power of the analysis was
limited by the size of the groups and the large amount of
censoring, particularly for FluTreo. However, the risk of
NRM was significantly lower with FluTreo than SMA in
multivariate analysis.

Given the good outcomes and high tolerability of FluTreo,
extended use above age 65 years could be considered; there
were too few patients (n = 5) older than 65 years receiving Flu-
Treo in this study to analyze this subgroup. FluTreo with a
reduced treosulfan dose has been trialed in older and/or
comorbid patients and compared favorably to an RIC regimen
[25]. However, the benefit of FluTreo in this trial was not seen
for patients with an HCT-CI score above 2 [25]. This supports
our finding of poor outcomes for these patients and should be



Table 2
Univariate Analyses for 3-Year Overall Survival

Variable OS, % 95% CI, % P Value

Age, yr .912

<65 62.7 55.2-71.3

�65 66.2 53.7-81.7

Time from diagnosis .585

<1 year 64.3 56.0-74.0

�1 year 62.2 52.2-74.2

HCT-CI .438

�2 66.3 58.4-75.2

>2 57.1 45.7-71.4

Diagnosis .011

CMML 42.9 24.8-74.2

MDS 65.3 58.4-72.9

t-MDS .995

Yes 63.4 56.4-71.4

No 63.7 47.2-86.1

IPSS-R .018

Low 75.0 66.1-85.1

High 56.9 47.2-68.6

Previous treatment .467

None 62.9 53.3-74.2

5-azacytidine 69.7 56.7-85.7

Intensive chemotherapy 61.2 49.7-75.4

Blast % �5 at treatment .842

No 65.0 58.0-72.8

Yes 57.9 40.5-82.8

Conditioning regimen .075

NMA 62.0 53.5-71.9

SMA 52.8 38.7-71.9

FluTreo 71.0 56.5-89.1

Donor type .411

Matched related 67.5 55.2-81.6

Matched unrelated 62.9 54.7-72.3

Mismatched unrelated 53.8 32.6-89.1

CMV .003

Donor negative, patient positive 45.4 33.7-61.3

Others 71.0 63.6-79.2

Donor sex match .005

Male patient, female donor 43.4 29.5-63.8

Others 67.9 60.8-75.8

Time period .014

1 50.0 37.9-66.0

2 60.9 50.1-74.1

3 71.2 60.0-84.4

P values in bold are significant.

Table 3
Multivariate Analysis for 3-Year Overall Survival

OS

Variable HR 95% CI P Value

Age (per year)

When under 60 1.06 1.02-1.11 .001

When over 60 0.90 0.82-0.98 .021

IPSS-R high versus low 2.18 1.27-3.77 .005

HCT-CI over 2 1.82 1.05-3.14 .032

Conditioning

FluTreo 1.00 NA NA

NMA 1.96 0.94-4.10 .073

SMA 6.89 2.53-18.77 <.001

NA indicates not applicable (reference group). P values in bold are significant.
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further investigated to develop selection criteria for FluTreo
conditioning.

The changes over time may not be fully attributable to Flu-
Treo. Other centers have also described a chronologic improve-
ment in outcomes, attributed to various changes in practice,
including both less toxic conditioning regimens and adjust-
ments in supportive care [1,26]. Although there have been no
major changes to supportive care protocols at our center dur-
ing the study period, there have been minor improvements
such as more effective fungal prophylaxis for patients with
severe GVHD from 2007 and hyperfractionation of high-dose
TBI for SMA patients from 2012 [27]. Optimization of donor
selection may also have contributed to the improvement in
results over time. As FluTreo was only used in the most recent
time period, it is difficult to exclude a confounding chronologic
improvement.

There is a careful clinical selection process for allo-HCT to
ensure that the risk-benefit ratio is acceptable for patients
undergoing this intensive treatment. Most older patients with
MDS are not fit for transplantation, while others may tolerate
NMA conditioning but are unsuited for this due to a high blast
count. In contrast, many younger patients are offered trans-
plantation despite aggressive disease due to the possibility for
myeloablative conditioning. The SMA group, consisting of
patients younger than 50 years, had particularly poor out-
comes in this study, with a high incidence of acute GVHD and
early NRM. Altogether, these factors may explain why age was
not significant in univariate analysis.

In multivariate analysis, increasing age was only detrimen-
tal in patients younger than 60 years. For older patients,
increasing age was in fact associated with a lower hazard, and
in univariate subgroup analysis within the NMA group, age
older than 65 years did not confer worse OS. The role of age
has varied greatly in published studies, with several finding a
lack of association to outcome when focusing on older patients
[14,28]. The fact that hazard was seen to fall with increasing
age in those older than 60 years is in a general sense biologi-
cally implausible but can be understood in this setting, where
it suggests that careful patient selection is overcompensating
for the risks of increasing age. Within the NMA group, neither
age older than 65 years nor HCT-CI >2 conferred a poor prog-
nosis, suggesting that this regimen is well tolerated even by
patients with relatively advanced age and comorbidity. In mul-
tivariate analysis, HCT-CI >2 was significant for OS and border-
line significant for relapse, indicating that its role was hidden
in univariate analysis by the effects of other factors.

The poor prognostic effects we observed associated with
high IPSS-R, female donor to male patient, and CMV-negative
donor to CMV-positive patient have been previously described
[1,4,5,8,9,29]. However, newer methods incorporating muta-
tional status are being developed that can predict patient-spe-
cific outcomes using personalized prediction models and are
expected to transform the approach to risk stratification in
MDS [30].

More than half of our patients received either 5-azacytidine
or intensive chemotherapy prior to transplantation, but this
did not appear to be beneficial in terms of overall survival.
However, patients with more aggressive disease were more
likely to have received previous treatment (high IPSS-R signifi-
cantly associated with having received previous treatment;
data not shown), which could have masked any benefit. The
finding is, however, in line with recent retrospective reports



Table 4
Multivariate Analysis for 3-Year Cumulative Incidence of Relapse and NRM

Relapse NRM

Factor HR 95% CI P Value HR 95% CI P Value

Age (per year) 1.04 1.00-1.08 .035 1.01 0.98-1.04 .550

IPSS-R high versus low 4.71 1.91-11.59 <.001 0.92 0.47-1.78 .800

HCT-CI over 2 1.97 0.97-3.98 .059 1.45 0.69-3.02 .330

Conditioning

FluTreo 1.00 NA NA 1.00

NMA 1.41 0.59-3.39 .440 1.15 0.42-3.13 .780

SMA 2.29 0.54-9.71 .260 3.68 1.20-11.26 .022

P values in bold are significant.
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suggesting that “debulking” treatment prior to transplanta-
tion does not yield improved outcomes [29,31]. In particu-
lar, unsuccessful treatment is a predicter of relapse (treated
but not in complete remission at time of transplantation)
[4]. Treatment decisions are complex and individual, with
many possible confounding factors, posing a major limita-
tion in both our and other retrospective studies. In addi-
tion, patients who die of treatment toxicity or disease
progression before making it to transplantation are not
included in analyses [32]. Prospective studies will therefore
be vital to clarify the optimal pretransplantation treatment
approach.

The fact that this is a retrospective study, where the regi-
mens being compared have differing selection criteria, is a sig-
nificant limitation to univariate comparison of the
conditioning regimens, and our results should certainly be
viewed with this in mind. However, real-life data are impor-
tant in describing outcomes and generating hypotheses and, in
the absence of randomized trials comparing SMA with FluTreo,
provides initial evidence that FluTreo may be associated with
better outcomes in allo-HCT for MDS. A further limitation is
the unequal follow-up times. The SMA group had the longest
median follow-up due to the cessation of the regimen in 2014,
while patients continued to be included in the other groups
until the data lock, giving shorter median follow-up, and in the
case of NMA a very wide range. The resulting differences in
censoring reduce the power of the analyses and can introduce
bias [23,33].

Although the heterogeneity of MDS and complexity of
treatment decisions are a significant challenge in retrospective
studies, we have shown here that outcomes have improved,
particularly since introducing the reduced-toxicity regimen
FluTreo. FluTreo widens the application of myeloablative con-
ditioning, with the benefit of a lower risk of acute GVHD and
NRM, without an apparent increase in relapse rate, seemingly
offering a “best of both worlds” between SMA and NMA condi-
tioning.
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