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Transplant conditioning intensity (TCl) score predicts allo-HCT
outcomes in patients with myelofibrosis: a study of the Chronic
Malignancies Working Party of EBMT
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Outcomes in myelofibrosis (MF) patients undergoing allogeneic hematopoietic cell transplantation (allo-HCT) appear unaffected by
the intensity of the preparative regimen, defined traditionally as myeloablative (MAC) or reduced intensity conditioning (RIC). The
Transplant Conditioning Intensity (TCI) index is an objective tool offering a precise measure of conditioning intensity. We explored
the potential association between TCl score and overall survival (OS), progression-free survival (PFS), cumulative incidence of
relapse (CIR) and non-relapse mortality (NRM) in 2454 MF patients undergoing allo-HCT between 2012 and 2021, selected from the
EBMT registry. Patients receiving TCl-intermediate/high regimens had similar OS (HR 1.12, 95% Cl 0.97-1.30) and PFS (HR 1.00, 95%
Cl 0.88-1.14) compared to TCl-low regimens. However, TCl-intermediate/high regimens were associated with lower risk of relapse
(HR 0.74, 95% Cl 0.61-0.91, p = 0.008) and higher risk of NRM (HR 1.24, 95% Cl 1.04-1.48, p = 0.02). Our findings suggest that the TCI
score provides a more clinically relevant stratification of conditioning intensity than the conventional MAC/RIC classification. While
higher intensity TCI regimens are associated with lower RI, this benefit is offset by increased NRM, resulting in no survival
advantage. However, the TCl index may enable a more personalized approach to conditioning regimen selection by balancing

relapse risk with patient frailty.
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INTRODUCTION

Allogeneic hematopoietic cell transplantation (allo-HCT) is currently
the only treatment with curative potential for patients with
myelofibrosis (MF) [1, 2]. Nonetheless, allo-HCT in MF poses several
challenges due to the risks of delayed engraftment, augmented
relapse risk and substantial treatment-related toxicity [3]. The majority
of MF patients are older individuals with comorbidities and virtually all
patients are undergoing the procedure with ‘active’ disease, making
this population extraordinarily demanding in terms of allo-HCT. There
are several variables to take into account when considering patients’
eligibility for the procedure, such as age, performance status,
molecular and cytogenetic risk, most of them remaining largely

unmodifiable [4]. One of a few modifiable variables, however, is the
choice of conditioning regimen. Classically, the intensity of regimen
was defined as either standard myeloablative (MAC) or reduced
intensity (RIC) [5]. However, along with the introduction of modifica-
tions in preparative regimens, the traditional classification became
ambiguous. Recent retrospective studies show that the choice of
either MAC or RIC regimens has no impact on outcomes in MF
patients undergoing allo-HCT [6, 7]. In this study, we applied the
Transplant Conditioning Intensity (TCI) index, an objective tool to
define intensity of the regimen that was originally developed in acute
myeloid leukemia (AML) patients, to MF allo-HCT patients and
explored its utility and association with outcomes.
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MATERIALS/SUBJECTS AND METHODS

Data source

This was a retrospective, multi-center EBMT registry-based study.
EBMT is a voluntary organization comprising more than 600
transplant centers from Europe and beyond. Accreditation as a
member center requires submission of minimal essential data
(patient clinical data, including aspects of the diagnosis and
disease, first-line treatments, HCT- or cell-therapy-associated
procedures, transplant type, donor type, stem cell source,
complications and outcome after the procedure) from all
consecutive patients to a central database which provides a pool
of data to EBMT members to perform retrospective studies, assess
epidemiological trends, and ultimately contribute to improve
healthcare. EBMT centers commit to obtaining informed consent
according to the local regulations applicable at the time in order
to report pseudonymized data to the EBMT.

Patient selection and endpoints

Adult patients undergoing first allo-HCT for primary or post-
polycythemia vera (PV)/post-essential thrombocythemia (ET) MF
between 2012-2021, with the use of peripheral blood or bone
marrow-derived hematopoietic cells from HLA-matched related
(MRD), unrelated (MUD), or HLA-mismatched (MMUD 9/10)
unrelated donors, with available data on follow-up and condition-
ing regimen were selected. Blast phase disease was excluded.

The TCl score was calculated for each procedure as described
previously [8]. Post-transplant cyclophosphamide (PTCy) was not
considered in TCl calculations. For comparison, classification as
reported by the centers as MAC or RIC was used.

The primary objective of the study was to assess the association
of TCl with outcomes after allo-HCT, including overall survival (OS),
relapse-free survival (PFS), cumulative incidence of relapse (CIR)
and non-relapse mortality (NRM). Secondary endpoints included
acute (@aGvHD) and chronic graft-versus-host disease (cGvHD),
GvHD-free-relapse-free survival (GRFS), primary and secondary
graft failure, engraftment and specific causes of death compared
to MAC/RIC conditioning groups.

Statistical analysis

Patient-, disease-, and transplant-related variables were expressed
as median and interquartile range (IQR) for continuous variables
and frequencies and percentages (of all patients with data
available) for categorical variables. Groups were compared using
the x? test for categorical variables and the Kruskal-Wallis test for
continuous data. Median follow-up was calculated using the
reverse Kaplan-Meier estimator. OS was defined as the length of
time from allo-HCT to death, PFS as the length of time from allo-
HCT to relapse, progression or death, whichever occurred first.
NRM was defined as death before relapse or progression. GRFS
was defined as absence of death, relapse or progression, grade Ill-
IV aGvHD or extensive cGvHD. Neutrophil engraftment was
defined as the time at which the absolute neutrophil count
(ANC) was =0.5x 10A9/L for 3 consecutive days and platelet
engraftment as a platelet (PLT) count >20x10A9/L for 7
consecutive days without transfusion support. Primary graft failure
was defined as no evidence of engraftment, availability of date of
no engraftment =28 days, or earlier when followed by a second
allo-HCT. Secondary graft failure was defined according to the
EBMT criteria as the presence of an ANC < 0.5 x 10A9/L occurring
after initial engraftment and not related to relapse, infection, or
drug toxicity [9].

The Kaplan-Meier estimator was used for OS, PFS and GRFS, and
the log-rank test was used to compare differences between
groups. The crude cumulative incidence estimator and Gray's test
were used for competing events (relapse together with NRM,
aGvHD together with competing events graft failure, 2nd allo-HCT
and death before aGvHD, cGvHD together with competing events
graft failure, 2nd allo-HCT and death before cGvHD, neutrophil
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and platelet engraftment together with death before engraftment,
primary and secondary graft failure together with death before
graft failure). Variables with potential association with endpoints
were evaluated in univariable analyses (UVA).

Multivariable analysis (MVA) using (cause-specific) Cox propor-
tional hazards models was run to estimate the association of the
TCl index and, in separate models, RIC/MAC conditioning with the
endpoints - OS, PFS, relapse, NRM and a/cGvHD. Variables
included in MVA apart from conditioning intensity were age at
allo-HCT, year of allo-HCT, Karnofsky performance status (KPS),
dynamic international prognostic scoring system (DIPSS) at allo-
HCT [10], donor type, hematopoietic cell transplantation-specific
comorbidity index (HCT-Cl) [11], cytomegalovirus (CMV) IgG
serostatus, driver mutation genotype and ATG use. Additionally,
PTCy use was included in MVA models for a/cGvHD only. All
models also included a center random effect.

All statistical tests were two-sided and p-values <0.05 were
considered significant. All analyses were performed in R version
4.4.1 using “survival”, “cmprsk”, “coxme”, and “prodlim” packages.

RESULTS

A total of 2454 patients from 247 centers were included. Overall,
1339 (55%), 987 (40%), and 128 (5%) patients were categorized as
receiving a low (TCl-low), intermediate (TCl-int), and high (TCI-
high) intensity regimens according to the TCl score, corresponding
to 1719 (70%) and 735 (30%) categorized as RIC or MAC regimens,
respectively. Baseline characteristics of the study group are
summarized in Table 1. No significant differences existed between
TCl groups according to DIPSS at allo-HCT (p=0.19), HCT-CI
(p=0.18) and time since MF diagnosis to allo-HCT (p =0.44).
However, groups were significantly different in terms of age
(p <0.0001), KPS (p =0.001), donor type (p =0.003) and ATG use
(p <0.0001), with patients conditioned with TCl-high regimens
being younger, having a higher KPS and less frequently
transplanted utilizing a MUD. The distribution of the transplant
procedures according to the MAC/RIC classification and TCl score
is presented in Fig. 1. The most frequently used conditioning
regimens in each TCl group are presented in Supplementary Fig. 1.
As 207 (15.5%) patients in the TCl-low group were reported by
centers as having received MAC and 12 (9.4%) in the TCl-high
group were reported as having received RIC, we analyzed the
regimens used in those procedures (Supplementary Table 1). Since
TCl-high constituted only 5% of the study population, further
analyses were performed grouping TCl-int with TCl-high (TCl-int/
high).

Median time to neutrophil engraftment was 18 (IQR 14-23) days
and 18 (IQR 14-22) days in TCl-int/high and TCl-low regimens,
respectively (p = 0.36). Median time to platelet engraftment was
24 (IQR 17-78) days in patients conditioned with TCl-int/high
regimens, and 22 (IQR 15-42) days in TCl-low regimens
(p <0.0001). Median time to neutrophil engraftment was 17 (IQR
14-22) days in patients receiving RIC regimens, and 18 (IQR 15-23)
for MAC regimens (p = 0.03). Median time to platelet engraftment
was 23 (IQR 16-49) days in patients receiving RIC regimens, and 23
(IQR 16-56) days for MAC regimens (p=0.33). Cumulative
incidence of primary graft failure in the whole cohort was 1.6%
(95% Cl 1.1-2.1%), with no significant differences between
patients with TCl-int/high and TCl-low (p=0.37) or when
comparing RIC and MAC (p=0.42). Cumulative incidence of
secondary graft failure was significantly higher (p = 0.002) in those
with TCl-low compared to TCl-int/high (at 5-year 8%, 95% Cl
7-10% vs. 5%, 95% Cl 4-6%, respectively). Similarly, the
cumulative incidence of secondary graft failure was significantly
higher (p =0.03) in those undergoing RIC compared to MAC (at
5-year 7%, 95% Cl 6-9% vs. 5%, 95% Cl 3-7%, respectively).

Median follow-up after allo-HCT was 46 (IQR 24-72) months.
Five-year OS, PFS, cumulative incidence of relapse (CIR) and NRM
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Table 1. Patient characteristics according to the TCl.
Missing Total
N (%) N (%)
Total 2454 (100)
MAC/RIC 735 (30.0)/1719
(70.0)
Male/Female 1530 (62.3)/924
(37.7)
Year of diagnosis, Median (IQR) 2013 (2008-2017)
PMF/sMF 1783 (72.7)/671
(27.3)
JAK2-mutated, 466 (19) 1275 (64.1)
Year of allo, median (IQR) 2017 (2015-2019)
Year of allo
<2015 532 (21.7)
2015-2017 703 (28.6)
>2018 1219 (49.7)
Age at allo, median (IQR) 59.6 (53.5-64.6)
Time to allo, median (IQR) 33.9 (11.4-106)
Prior JAK2 inhibitor 803 (32.7) 648 (39.2)
Stem cell source BM/PB 97 (4)/2357 (96)
DIPSS 620 (25.3
low 52 (2.8)
low-int 719 (39.2)
high-int 723 (39.4)
high 340 (18.5)
CIBMTR score 1192
(48.6)
Low 438 (34.7)
Int 740 (58.6)
High 84 (6.7)
Palpable splenomegaly 1293
(52.7)
yes/no 813 (70)/244 (21)
splenectomy 104 (9.0)
KPS, >80 /<80 117 (4.8) 1558 (66.7)/779
(33.3)
HCT-CI 318 (13.0)
0 1067 (50.0)
1-2 527 (24.7)
23 542 (25.3)
CMV IgG status 40 (1.6)
Patient+/donor- 482 (20.0)
others 1932 (80.0)
Donor type
MRD 866 (35.3)
MUD 1288 (52.5)
MMUD 9/10 300 (12.2)
Female to male transplant 13 (0.5) 407 (16.7)
Donor age (years), median 177 (7.2) 37 (27-52)
(IQR)
ATG use 5 (0.2) 1759 (71.8)
PTCy use 12 (0.5) 146 (5.9)

TCl-Low
N (%)
1339 (55)

207 (15.5)/1132
(84.5)

831 (62.1)/ 508 (37.9)
2013 (2008-2017)
960 (71.7)/379 (28.3)

703 (64.9)
2017 (2015-2019)

300 (22.4)

373 (27.9)

666 (49.7)

60.7 (55.1-65.6)
34.8 (11-106.8)
355 (37.6)

36 (2.7)/1303 (97.3)

24 (2.4)

377 (37.7)
411 (41.1)
188 (18.8)

216 (31.2)
426 (61.5)
51 (7.4)

457 (71.5)/145 (22.7)
37 (5.8)
812 (64.1)/455 (35.9)

549 (47.7)
302 (26.2)
301 (26.1)

266 (20.2)
1053 (79.8)

450 (33.6)
733 (54.7)
156 (11.7)
215 (16.2)
37.4 (27.2-52.1)

1032 (77.2)
35 (2.6)

TCl-Int

N (%)

987 (40)

412 (41.7)/575 (58.3)

624 (63.2)/ 363
(36.8)

2013 (2008-2017)
730 (74)/257 (26)

516 (63.6)
2018 (2015-2019)

174 (17.6)

290 (29.4)

523 (53.0)

59.1 (52.7-63.7)
34.1 (12.3-104.5)
268 (43.1)

51 (5.2)/936 (94.8)

23 (3.0)

308 (40.6)
288 (37.9)
140 (18.4)

189 (37.8)
279 (55.8)
32 (6.4)

314 (68.7)/84 (18.4)
59 (12.9)
650 (68.6)/298 (31.4)

463 (52.7)
198 (22.5)
218 (24.8)

199 (20.4)
775 (79.6)

352 (35.6)
505 (51.2)
130 (13.2)
166 (16.9)

35.9 (26.8-51.5)

653 (66.3)
99 (10.0)

TCl-High

N (%)

128 (5)

116 (90.6)/12 (9.4)

75 (58.6)/ 53 (41.4)

2011
(2006.8-2015)

93 (72.7)/35 (27.3)

56 (60.2)
2015 (2013-2017)

58 (45.3)

40 (31.2)

30 (23.4)

51.1 (43.8-57.6)
25.7 (10.5-98)

25 (29.1)

10 (7.8)/118 (92.2)

5 (6.7)

34 (45.3)
24 (32.0)
12 (16.0)

33 (47.8)
35 (50.7)
1(1.4)

42 (64.6)/15 (23.1)
8 (12.3)
96 (78.7)/26 (21.3)

55 (52.4)
27 (25.7)
23 (21.9)

17 (14.0)
104 (86.0)

64 (50.0)
50 (39.1)
14 (10.9)
26 (20.3)
40.4 (28.4-51.1)

74 (57.8)
12 (9.4)

<0.0001

0.57

0.02

0.48

0.62
<0.0001
<0.0001

<0.0001
0.44
0.01
0.0007
0.19

0.01

0.0008

0.001

0.18

0.02

0.003

0.48
0.21

<0.0001
<0.0001

TCl transplant conditioning intensity, MAC myeloablative conditioning, RIC reduced intensity conditioning, /QR interquartile range, pMF primary myelofibrosis,
SMF secondary myelofibrosis, BV bone marrow, PB peripheral blood, DIPSS Dynamic International Prognostic Scoring System, CIBMTR Center for International
Blood & Marrow Transplant Research, KPS Karnofsky Performance Score, HCT-C/ Hematopoietic Cell Transplantation-specific Comorbidity Index, CMV

cytomegalovirus, ATG anti-thymocyte globulin.

Statistically significant p-values are in bold
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TCl-high

n=116
90.6%
n=412
41.7%
- | n=207
TCl-low 1559

0 20 40 60 80 100
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O Standard (MAC) H Reduced (RIC)

TCl-int

Fig. 1 Distribution of the patient cohort according to the MAC/RIC
classification and the TCl index.

rates were 56% (95% Cl 53-58%), 46% (95% Cl 44-48%), 23% (95%
Cl 21-25%) and 31.7% (95% Cl 29-33%), respectively. In UVA
(Supplementary Table 2), OS (p = 0.60) and PFS (p = 0.39) did not
significantly differ in patients conditioned with TCl-int/high and
TCl-low regimens (Fig. 2a, b). However, patients conditioned with
TCl-int/high regimens had lower CIR (p<0.001) and higher
cumulative incidence of NRM (p = 0.02) when compared to those
conditioned with TCl-low regimens (Fig. 2¢c, d). In contrast, no
significant differences were observed in OS, PFS, CIR, and NRM
between patients receiving MAC and RIC regimens (Fig. 2e, h).
Cumulative 5-year incidence of death for all causes was
comparable between patients receiving TCl-int/high and TCl-low
regimens (Table 2). However, patients receiving MAC regimens
had higher cumulative 5-year incidence of death due to organ
damage (p = 0.004) but less due to disease progression (p = 0.001)
compared to RIC.

In MVA, the use of TCl-int/high regimens was not associated
with different OS (HR 1.12, 95% Cl 0.97-1.30, p = 0.13) or PFS (HR
1.00, 95% Cl 0.88-1.14, p = 0.95) as compared to TCl-low regimens,
but was associated with a lower risk of relapse (HR 0.74, 95% ClI
0.61-0.91, p =0.004), and higher risk of NRM (HR 1.24, 95% ClI
1.04-1.48, p =0.02) (Table 3). Similar to the results of the UVA,
there were no significant differences in patients receiving MAC
regimens when compared to those receiving RIC in OS (HR 1.03,
95% Cl 0.87-1.20, p=0.76), PFS (HR 1.00, 95% Cl| 0.87-1.15,
p = 0.97), risk of relapse (HR 0.83, 95% Cl 0.67-1.04, p =0.1) and
NRM (HR 1.16, 95% Cl 0.96-1.39, p =0.13).

Cumulative incidence of aGvHD at day 100, cGvHD at 5-years
and probability of GRFS at 5-years after allo-HCT were 28% (95% Cl
26-30%), 44% (95% Cl 42-46%) and 18% (95% Cl 17-20%), for the
whole study cohort, respectively. In UVA, patients conditioned
with TCl-int/high and TCl-low regimens had similar cumulative
incidence of cGvHD (p=0.94) and GRFS probability (p=0.28)
(Fig. 3a—c). On the other hand, cumulative incidence of aGvHD at
day 100 after allo-HCT was higher for TCl-int/high (32%, 95% ClI
29-34%) compared to TCl-low (24%, 95% Cl 22-27%, p < 0.001).
There were no significant differences in the cumulative incidence
of aGvHD, cGvHD and GRFS when comparing MAC with RIC
regimens (Fig. 3d-f). Similar results were obtained in the MVA
(Supplementary Table 3). Here, the use of TCl-int/high regimens
was associated with a higher risk of aGvHD (HR 1.34, 95% CI
1.11-1.61, p =0.002) but not cGvHD (HR 1.04, 95% Cl| 0.89-1.21,
p = 0.65). Similar to the UVA results, no significant differences in
the risk of aGvHD (HR 1.12, 95% Cl 0.92-1.37, p = 0.24) and cGvHD
(HR 1.16, 95% Cl 0.99-1.37, p = 0.07) were found between patients
receiving MAC regimens when compared to RIC.

DISCUSSION

Over the years, the composition of conditioning regimens has
evolved, making it difficult to precisely define the intensity of
particular drug combinations. In MF, a large registry-based study
by McLornan et al. involving 2224 allo-HCT patients, showed that
the use of conditioning intensity defined conventionally as MAC

Bone Marrow Transplantation (2026) 61:36 -43

P. Sobieralski et al.

or RIC had no impact on OS, NRM or incidence of relapse after
allo-HCT [6]. We hypothesized that utilizing a more refined
tool, such as the TCl, may overcome the limitations of the
traditional classification system [8, 12]. To define conditioning
intensity in MF more precisely, we applied the TCl score to 2454
MF patients undergoing allo-HCT and explored its association
with outcomes.

First, we looked at the distribution of TCl scores within the MF
patient population. In the original AML series (2005-2017), TCI-
high constituted 21% of the study population, whereas this
percentage had decreased to 4% in the more contemporary
validation cohort (2018-2021), which included AML patients aged
between 55 and 75 years [8, 12]. In our study, TCl-high regimens
constituted only 5% of the study group, with a notable decrease in
their use over time: 2012-2014: 11%, 2015-2017: 6%, 2018-2021:
2%. Hence, in contemporary MF cohorts, TCl-low and intermediate
are the groups including the vast majority of patients. As
expected, most TCl-low patients were assigned to the RIC group,
while most TCI-high patients were assigned to the MAC group.
Interestingly, within the TCl-intermediate group, patients were
almost evenly split between RIC and MAC. Notably, there were still
some exceptions: a subset of TCl-low patients received MAC
(n=207; 15.5%), and a small number of TCl-high patients received
RIC (n=12; 9.4%) - a distribution not seen in the original AML
study [8].

Time to engraftment is longer and the incidence of graft failure
is higher after allo-HCT for MF compared to other hematological
malignancies and largely depends on disease’s biology, spleno-
megaly, CD34+ cell dose or JAK inhibitor use in the peri-
transplantation period [13-17]. Here, delayed neutrophil engraft-
ment was observed in patients receiving TCl-int/high regimens
compared to TCl-low and delayed platelet engraftment was
observed in those receiving MAC regimens compared with RIC.
However, the incidence of primary graft failure was not influenced
by conditioning intensity, defined either by TCl or MAC/RIC. In
contrast, patients receiving higher intensity conditioning (TCl-int/
high and MAC) had a significantly lower incidence of secondary
graft failure. Those findings underline that delayed engraftment in
MF is expected and primary graft failure is relatively rare in the
more contemporary era. While secondary graft failure can be
overcome by the use of higher intensity regimens, the risk of
accumulated treatment-related toxicity has to be taken into
consideration in the frail MF patient population.

When comparing transplant outcomes between TCl groups,
patients conditioned with TCl-int/high regimens had lower CIR but
higher NRM rates than TCl-low patients. As a result, both OS and
PFS were comparable between TCl-int/high and TCl-low, while
other factors, such as age, HCT-Cl, KPS, or DIPSS were stronger
predictors of OS. The use of MAC or RIC regimen was not
significantly associated with either OS and PFS nor relapse and
NRM, as shown previously [6]. In the whole study cohort, GvHD
was the cause of death with the highest cumulative incidence
followed by infection. Whereas we did not observe an association
between RIC or MAC regimens and GvHD incidence, only the use
of TCl-int/high regimens was significantly associated with a higher
risk of aGvHD, whilst there was no association with cGvHD.

While allo-HCT provides benefit in survival for patients with
high-risk disease, treatment-related toxicity still remains a serious
concern [18, 19]. In a study by Hernandez-Boluda et al, older MF
patients (>65 years) undergoing allo-HCT had better long-term
survival than those receiving conventional non-transplant
approaches, but the OS curve-crossing phenomenon only
occurred after 4-years of follow-up due to the significant early
mortality of transplantation [20]. Moreover, Gagelmann and
colleagues show that higher conditioning intensity does not
improve the results of an adverse molecular background [7].
Hence, it is crucial for the conditioning regimen type and intensity
to be tailored to each patient’s fitness, while still preserving its
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anti-neoplastic activity. Based on our results, the benefit in lower
relapse risk gained from higher conditioning intensity at some
point is abrogated by accumulated toxicity. Despite being more
precise than RIC and MAC classification, TCl index can still attribute
the same score to regimens with different toxicity profiles.
Considering worse NRM and higher rates of aGvHD in patients
conditioned with TCl-int/high regimens, we further evaluated
particular regimens used in this assigned group. Here, Fludaraine
Busulfan (FluBu) was the most frequently used combination. In a
study by Gagelmann et al., the authors compared fludarabine plus
busulfan or treosulfan in RIC versus MAC setting, showing better
outcomes in RIC for both combinations [21]. In another study,
Joseph et al. reported on 65 MF allo-HCT patients conditioned
with fludarabine plus pharmacologically guided busulfan con-
ditioning [22]. While authors report improvements in early NRM
(1-year 16%, 3-year 20%), at 5-years all outcomes were compar-
able to the current cohort. In contrast, in a prospective trial, Popat
et al. demonstrated better Rl without impact on NRM in patients

a (O] b PFS
100 P=0.60 100 P=0.39
— Low — Low
— 75 — Int/High — 75 — Int/High
> &
2z =
5 50 5
© ®©
Qo Qo
[ <
& o5 & 25
Months since Months since
allo-HCT allo-HCT
0 0 -
0 24 48 72 96 0 24 48 72 96
N at risk N at risk

Low 1339 637 372 177 80
Int/High 1115 535 310 144 52

Low 1331 533 294 130 61
Int/High 1107 470 255 109 35

e fopes

= =

3 3

] ]

Qo Q

[ [

& 251 & 254
Months since Months since
allo-HCT allo-HCT

OT—T— T 71 1 OT—T— T 71 1
0 24 48 72 96 0 24 48 72 96
N at risk N at risk

RIC 1719 819 468 215 101
MAC 735 353 214 106 31

RIC 1708 695 374 159 75
MAC 730 308 175 80 21

receiving fludarabine plus high-dose but pharmacologically
guided busulfan [23]. In summary, the early toxicity of FluBu
regimens may be mitigated by area under the curve (AUC)-guided
busulfan, which ensures the delivery of the desired dose. The
second most represented regimens in the TCl-int/high group were
melphalan-based. In the CIBMTR cohort of 872 patients, Murthy
et al. showed that in RIC setting, patients receiving FluBu regimen
had better rates of OS, NRM, aGvHD and engraftment compared
with the Fludarabine Melphalan (FluMel) [24]. In a study by
Hernandez-Boluda, looking at 556 older MF patients, the authors
show better OS in busulfan-based conditioning compared to
melphalan, which was mediated mainly by the reduction in NRM
in the former [20]. In contrast, Robin et al. compared FluBu (TCI-
low) and FluMel (TCl-int) regimens in RIC setting, showing better Rl
for FluMel and comparable NRM across both regimens, but
underlining early FluMel toxicity [25]. Finally, Jain et al. showed
similar rates of OS, Rl, NRM and aGvHD in MF patients receiving
melphalan-based regimens (FluMel or FluMelCar) compared with
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Fig. 2 Primary endpoints according to the conditioning group. Probability of OS, PFS, CIR and NRM according to the TCl index (a-d) and

RIC/MAC (e-h).

Table 2.

TCl-Low

10% (8-12%)
11% (10-13%)
2% (1-3%)
12% (10-14%)
3% (2-3%)
1% (1-2%)
5% (3-6%)
P-values were obtained using Gray'’s test.

Conditioning group TCl-Int/High
8% (6-10%)
11% (9-13%)
2% (1-3%)
14% (12-17%)
4% (2-5%)
1% (1-2%)
4% (3-6%)

Relapse/progression
Infection

Second malignancy/PTLD
GvHD

Organ damage or failure
Procedure-related toxicity
Other/unknown

5-year cumulative incidence of death (95% Cl) by cause according to the conditioning groups.

p MAC RIC p
0.06 6% (4—8%) 10% (9-12%) 0.001
0.93 10% (8-12%) 12% (10-13%) 0.21
0.76 2% (1-3%) 2% (1-3%) 0.88
0.06 14% (11-16%) 13% (11-15%) 0.39
0.14 4% (3-6%) 2% (2-3%) 0.004
0.93 1% (0-2%) 1% (1-2%) 0.88
0.28 5% (3-7%) 4% (3-6%) 0.88

Cl confidence interval, TCl transplant conditioning intensity, MAC myeloablative conditioning, RIC reduced intensity conditioning, PTLD posttransplant

lymphoproliferative disease, GvHD graft-versus-host disease.
Statistically significant p-values are in bold

SPRINGER NATURE

Bone Marrow Transplantation (2026) 61:36 - 43



P. Sobieralski et al.

41

870

0€0
0Z0
vL0
(S0°0)
€0°0
vL0
ST0
L0°0

(¥0°0)
90000

z0'0
Lz0
(0L0)
880
1000'0
870
(8000°0)

L000°0>
€Lro

200

anjea-d (||e4dAQ)

(60°L-€£0) 06'0
00°L

(82°L-5¥°0) 90
(LZ'L=L¥0) 00
(£0'1-€9°0) ¢80

00'L

00°'L
(6¥'1L-€0°L) €T°L

(2S'1-¥6°0) 0T'L
(60°L-1£0) 88°0

00°L
(S0'L-£T°0) €50

09°L-¥L°L) SE'L
00'L

(85°L-S0°L) 6T°L
(L¥'1-€670) #L°L
00'L

(#0'1L-£6°0) 00'L
(80'-92°1) 29'L
(E€'1-26°0) LL'L

00°L

(09'1L-0€°L) 'L
(6£71-9670) 9L°L
00°L
(8¥'1-¥0L) ¥T'L
00°L

(1D %S6) HH

WYN 1ea4-g

600

¥6'0
¥0'0
Lo'0
(Lo"0)
(0140)
8L'0
z0'0
9L0

(€1°0)
800

710
60
(8T°0)
620
L0
€0
(s20)
S0

oLo

¥00°0

anjea-d (||e1dAQ)

(SS'1L-£670) €T'L
00°L

(L£'1-190) 2O'L
(S6'0-1LT°0) S¥'0
(06'0-5¥°0) ¥9°0

00°L

00°L
(SL'L-1L£0) 06'0

(0£'1-060) ¥T'L
(0£71-50°1) ¥€'L

00°'L
(20'z-090) OL'L

(91'L-8670) 61°L
00'L

(€S'1L-¥6°0) OT'L
(£T'1-££0) 66'0
00°L

(¢0'L-¥60) 86'0
(62°1-690) S6'0
(€1°1-5£0) T6'0

00°L

(S0"L-¥80) ¥6'0
(¥0'1-£90) €8°0
00°L
(L6'0-190) ¥£'0
00°L

(1D %S6) HH

HID 1eak-g

8.0

L¥'0
L0’0
¥00°0

(9000°0)

LZ’0

€0'0
€50
[44(0]
(60°0)
€000°0

S00°0
0’0
(€0°0)
L¥'0
L0’0
€80
(€0°0)

L000°0>
L6'0

S6'0

anjea-d (||e4dAQ)

(61°1-88°0) ZO'L
00°L

(9T°L-19°0) £8°0
(06'0-£€°0) 85°0
(160-09°0) ¥£°0

00'L

0o’'L
(£T'1-56°0) OL'L

(8¥'1-20L) €T'L
(€2°1-06°0) SO'L

00°'L
(8L°1L-8¥°0) 9£'0

Wri-LLL) LTl
00'L

(9¥'1-£0°1) ST'L
(92'1-16°0) £O'L
00°L

(20'1-£60) 66°0
(S5'1-90°1) 8T'L
(£1°L-880) ZO'L

00'L

(8z'L-0L'L) 6L°L
(SL'L-£8°0) 00°'L
00'L

(#1°1-88°0) 00°'L
00'L

(1D %S6) 4H

Sd4d 1eak-g

0S°0

LEO
S0'0
00

(600°0)
oLo
£00°0

890

zLo

(z0'0)
L000°0>

L00'0
€00
(900°0)
L6°0
€000°0
L0°0
(z00'0)

L000°0>
9,0

€Lro

anjea-d (||esdAQ)

plog ul a1e sanjea-d juedyiubis Ajjesnsnels
‘ulingo|6 a1k>0wAyl-ue oy ‘sniinojebaWoIL AW ‘WSlIsAS Bulods dsoubold jeuoneulslu| diweukq §S4ig ‘94005
9dUBWIONd Axsjouley Sdy ‘xapu| AlpigJowo)) dypads-uoneiueldsuel] (190 dna1odolewsH [J-[JH ‘Buluoipuod ALSUSUl padnpal DY ‘BUIUORIPUOD dAIR|qeORAW DYy ‘Alisudlu| Buluonipuod juejdsuel) D)
‘(umoys jou) A106331e> Buissiw, djeledas e Buisn PIPOW 3I9M d|gelieA e
ul sanjeA BuissI|A 1591 onles pooy|y1-6o] ayy buisn pauleiqo a1am sanjea-d ||esanQ “buidnolb JyN/DIY Buipnpul 9soy 01 Jejiwis A1aA a19m 3say | “Buidnoub xapul || Buipn|dul ]Spow sy JO 950Y) aJe [Spowl dY)
ul s3|geLeA J3Y30 Jo synsal 8y ‘Buidnolb xapul |D] 40 DYIN/DIY 1oyia Buipnppul spepow aesedas z Buisn pauielqo aiam jujodpus yoes xapul [J1 pue DYIN/DIY 03 Buipiodde Ajsusiul Bujuoipuod o) S3NsaY 4

(ZL'1-6£0) ¥6'0
00°L

(ST°1-55°0) £8°0
(00°1L-9€°0) 09°0
(66'0-290) 6£°0

00°L

0oo°'L
(SE'1L-£670) ¥L'L

(#9'1-80°1L) €€'L
(rT'1-£80) ¥O'L

00°'L
(LL'L-8€0) S9°'0

(99'L-ST'1) vi'L
0oL

(85°L-LLL) €€°L
(or'L-20°L) 2T'L
00'L

(€0°L-£6°0) 00°L
(S8'1-02°L) 6¥°'L
(S€°1-6670) 9L'L

00'L

8'L-¥T'l) S€'L
(0Z'L-£80) €0°'L
00'L

(0€'1-£670) TL'L
00'L

(1D %S6) YH

SO 1eaf-g

SOA

ON

osh Dy

aAnebau-adig

1dW

41vd

[&\¢

uonejnw JdAlQg

19Y10

|\+

Jouopy/iuaned sneis AND
(9-5) Msu ybiH

(=€) dsu S1eipauul-ybiH
(2—1) Ysu S1e1paWISIUI-MOT]
(0) mo

ssdia

08>

00L 40 06

L1DH-o][e & Sd)

su ybIH

Sl S1elpawLiu|

1DH-oJje 3e [D-1DH

(191e] 423K 43d) 1JH-O|[e JO Jedp
(0L/6) paej2aun

(0L/01) pa3el2iun

paiejal paydilew-yH

adA3 souoq

(4ap[o
sieak | 4ad) 1DH-ojje e aby

DV

Jld

«K1suayur Buluonipuod
ybi1H/Aul

MO

*X9pul DL

‘s|ppow spiezey [euoniodoid X0 S|eHBAINW YIM Paulelqo (D) S|eAIdlUl 9DUSPYUOD %56

pue (WYN) A¥jerow asdejai-uou pue (y|D) asdejas Jo SOUIPIDUI SAIRINWIND 10} SOl plezey dYidads-asned (S4d) [BAIAINS 3314-Uoissaiboid pue (SO) [BAIAINS [[RISAOC 104 (YH) SOles piezeHq ‘€ 3|qel

SPRINGER NATURE

Bone Marrow Transplantation (2026) 61:36 -43



P. Sobieralski et al.

42
aGvHD (grade 2-4) cGvHD (limited/extensive) GRFS
100 P <0.001 100 P=0.94 100 P=0.28
g —— Low g —— Low — Low
8 75 —— Int/High g 75 —— |Int/High ~ 75 —— Int/High
c c X
() () ~
o =l >
5] 5] =
£ 50 £ 50 550
[ [
g
= = o
E 25 § 25 25
o Days since o Months since Months since
0 allo-HCT 0 allo-HCT 0 allo-HCT
T T 1 T T 1 T T 1
0 25 50 75 100 0 24 48 72 96 0 24 48 72 96
N at risk N at risk N at risk
Low 1301 1191 1021 949 868 Low 1339 270 130 48 14 Low 1298 228 104 33 13
Int/High 1089 922 749 695 642 Int/High 1115 246 118 53 16 Int/High 1086 211 98 39 11
d e f
aGvHD (grade 2-4) cGvHD (limited/extensive) GRFS
100 P=037 100 5 P=0.29 100
< — RIC L —RIC
g 75 —— MAC 8 75 — MAC ~ 75
c c S
(5] [} ~
o i) >
5] 5] £
S 50 S 504 % 50 —
= = [N
z2 2 2 25 25
S Days since 8 Months since Months since
allo-HCT allo-HCT allo-HCT
0 T T T 1 0 T T T 1 0 T T T 1
0 25 50 75 100 0 24 48 72 96 0 24 48 72 96
N at risk N at risk N at risk
RIC 1668 1486 1253 1163 1064 RIC 1719 355 166 64 22 RIC 1663 299 132 44 17
MAC 722 627 517 481 446 MAC 735 161 82 37 8 MAC 721 140 70 28

Fig. 3 Secondary endpoints according to the conditioning group. Cumulative incidence of aGvHD, cGvHD and GRFS probability according

to the TCl index (a-c) and RIC/MAC (d-f).

FluBu regimen, however the sample size was relatively small [26].
Hence, it is possible that toxicity observed in TCl-int/high group
may be attributed to melphalan use. Finally, the third most
common regimen group in the TCl-int/high was based on two
alkylating drugs (FluBuThio, FluBuMel, FluMelCar and FluMelTreo).
Chiusolo et al. highlighted good outcomes in terms of Rl and OS
while maintaining low NRM in MF patients conditioned with
double-alkylating agent-based conditioning (TBF, thiotepa, busul-
fan, fludarabine) compared to single-alkylating agent (either
melphalan, busulfan or thiotepa based) [27]. In summary, it would
seem encouraging to choose FluBu with pharmacologically
guided busulfan or a two-alkylating agent-based regimen,
especially TBF, from the TCl-int/high repertoire to provide the
best outcomes for MF patients. Nevertheless, neither TCl index nor
MAC/RIC classification captures individualized dosing achieved by
therapeutic drug monitoring. Further prospective trials are
required.

CONCLUSIONS

Our findings highlight that the TCl index may be more useful in
discriminating transplant outcomes compared to the traditional
MAC/RIC classification. However, regardless of the conditioning
intensity definition used, tools to improve survival outcomes of MF
patients undergoing allo-HCT and to better tailor conditioning
intensity to each patient’s individual risk of disease relapse and
treatment-related mortality are lacking, representing an important
unmet need in the field.
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