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Summary

We assessed the susceptibility of secondary acute myeloid leukaemia
(sAML) to graft-versus-leukaemia effects. Data from 2414 sAML patients in
first (n =2194) or second (n = 220) complete remission were included.
They were given grafts from human leucocyte antigen (HLA)-matched sib-
ling (MSD, n = 1085), 10/10 unrelated donor (MUD, n = 1066) or 9/10
mismatched unrelated donor (MMUD, n = 263). The 100-day incidence of
grade II-IV acute graft-versus-host disease (GVHD) was 25% while 2-year
incidence of chronic GVHD was 38%. Relapse rates declined steadily by
duration of follow-up and were significantly lower in patients with chronic
GVHD (P < 0-001). Limited (hazard ratio [HR] = 0-66, P < 0-001) and
extensive (HR = 0-52, P < 0-001) chronic GVHD were associated with a
lower incidence of relapse. Each grade III-IV acute (HR = 7-04, P < 0-001)
as well as limited (HR = 1-42, P = 0-03) and extensive (HR = 3.97,
P < 0-001) chronic GVHD were associated with higher non-relapse mortal-
ity (NRM). This translated to better overall survival (OS; HR = 0-61,
P < 0-001) in patients with limited chronic GVHD. In contrast, grade III-
IV acute and extensive chronic GVHD were associated with worse OS
(HR = 3-16, P < 0-001 and HR = 1-21, P = 0-03, respectively). Further, in
comparison to HLA-identical sibling recipients, MUD recipients had a
lower risk of relapse (HR = 0-82, P = 0-03) but higher NRM (HR = 1-38,
P =0-004). In conclusion, these data demonstrate that SAML is susceptible
to graft-versus-leukaemia effects.
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Secondary acute myeloid leukaemia (SAML) has been defined
as AML that occurs after myelodysplastic syndrome or
myeloproliferative neoplasm or AML following exposure to
radiation or chemotherapy, and represents 10-25% of all
AML (Hulegardh, et al, 2015; Zeichner & Arellano, 2015).

Prior studies have observed lower outcomes in sSAML than
in de novo AML patients. This has been partly attributed to a
depletion of haematopoietic reserve that might prolong the
duration of neutropenia after chemotherapy as well as to a
high incidence of each poor-risk cytogenetic and tumour
protein 53 gene (TP53) mutation (Rampal, et al, 2014; Taka-
hashi, et al, 2017), which have been associated with a high
risk of AML relapse in de novo AML.

While up to 60% of patients with sSAML achieve a com-
plete remission (CR) with induction-remission chemother-
apy, 5-year survival after diagnosis in fit SAML patients has
remained at approximately 25% (Granfeldt Ostgard, et al,
2015). Based on these observations, allogeneic haematopoi-
etic stem cell transplantation (allo-HSCT) in first CR has
been indicated in fit SAML patients without favourable risk
cytogenetics while allo-HSCT has remained the best curative
option for most SAML patients in second CR (Sengsayadeth,
et al, 2018).

For adult patients with de novo AML, cure after allo-
HSCT depends on both the intensity of the conditioning
regimen given before transplantation (Scott, et al, 2017)
and on immune-mediated graft-versus-leukaemia (GVL)
effects (Weiden, et al, 1981; Baron, et al, 2005; Baron, et al,
2012). While previous studies have demonstrated that sSAML
is less susceptible than de novo AML to intensive
chemotherapy, the susceptibility of sAML to GVL effects
has not yet been in a large cohort of patients. This is
unfortunate given that some of the characteristics associated
with sSAML, such as TP53 mutations, might affect the sus-
ceptibility of tumour cells to immune-mediated cytolysis
(Meslin, et al, 2007).

In the current retrospective study, we assessed the impact
of graft-versus-host disease (GVHD) occurrence on trans-
plantation outcomes as a surrogate for GVL effects. Further,
we also assessed the impact of donor type (human leucocyte
antigen [HLA]-identical sibling donor [matched sibling
donor, MSD] vs. unrelated donor transplantation) on the
risk of relapse, as the greater genetic diversity in the latter
case might result in enhanced GVL effects (Martin, et al,
2017).
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Methods

Data collection

This survey is a retrospective registry-based study performed
by the Acute Leukaemia Working Party (ALWP) of the Euro-
pean Society for Blood and Marrow Transplantation (EBMT).
The EBMT is a non-profit, scientific society representing >600
transplant centres, mainly in Europe. Data are entered, man-
aged and maintained in a central database with internet access;
each EBMT centre is represented in this database. Quality con-
trol consist of confirmation of validity of the data by the
reporting team, selective comparison of the survey data with
minimum essential data A (MED-A) data sets in the EBMT
registry database, cross-checking with the National Registries,
and regular in-house and external data audits. Since 1990,
patients have provided informed consent authorizing the use
of their personal information for research purposes.

Inclusion criteria were adult patients aged > 18 years,
SAML, first or second CR, bone marrow (BM) or peripheral
blood stem cells (PBSC) as stem cell source, MSD or 10/ 10
(matched unrelated donor, MUD) or 9/10 (mis-matched
unrelated donor, MMUD) HLA-matched unrelated donor,
no ex vivo T-cell depletion of the graft, achievement of neu-
trophil engraftment, data on GVHD, and first transplantation
performed between 2005 and 2016. The date and severity
(limited vs. extensive) of chronic GVHD (cGVHD; graded
according to established criteria [Glucksberg, et al, 1974])
were prospectively collected using the EBMT Mimimum
Essential Data-A form.

SAML was defined as AML occurring after an antecedent
of a haematological malignant disorder, a bone marrow fail-
ure syndrome, or a solid tumour with prior chemo- and or
—radio- therapy, as previously reported (Sengsayadeth, et al,
2018). Reduced intensity conditioning (RIC) was defined as
fludarabine associated with <6 Gy total body irradiation, or
busulfan < 8 mg/kg or other nonmyeloablative drugs. All
necessary data were collected according to EBMT guidelines.

Statistical analyses

Data from all patients meeting the inclusion/exclusion crite-
ria were included in the analyses. Start time was date of
transplant for all endpoints. Relapse was defined as the pres-
ence of five per cent bone marrow blasts and/or reappearance
of the underlying disease. Non-relapse mortality (NRM) was
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defined as death without evidence of relapse or progression.
Overall survival (OS) was defined as the time from allo-
HSCT to death, regardless of the cause.

Cumulative incidence functions were used to estimate
relapse incidence and NRM in a competing-risks setting,
because death and relapse compete with each other. To study
acute GVHD (aGVHD) and ¢cGVHD, we considered relapse
and death to be competing events. OS was estimated using
the Kaplan-Meier estimates.

The impact of aGVHD and ¢GVHD on transplantation
outcome was assessed using multivariate Cox models with
GVHD modelled as a time-dependent covariate. Patients at
risk of relapse or mortality were classified in 3 mutually
exclusive conditions based on their histories of aGVHD or
c¢GVHD: grades 0-1 aGVHD without cGVHD (hereafter des-
ignated “no GVHD?”), grades II-IV aGVHD without cGVHD
(hereafter designated “aGVHD” group that was separated in
some analyses between grade II acute and grade MI-IV
aGVHD), or ¢<GVHD with or without grade II-IV aGVHD
(hereafter designated “cGVHD” group that was separated in
some analyses between limited and extensive cGVHD). All
patients were first classified in the “no GVHD” group until
the onset of aGVHD or ¢cGVHD. Patients with grade II-IV
“aGVHD” were classified in that condition, regardless of
whether aGVHD had resolved, until the onset of cGVHD if
it occurred. Patients with “cGVHD” were classified in that
condition thereafter. Only cases of cGVHD occurring before
relapse were taken into consideration.

The impact of GVHD on relapse, NRM and overall mor-
tality was further illustrated by calculating the rate of relapse,
NRM and mortality per patient-year for each condition
within sequential 90-day intervals after transplantation, and
smoothed estimates of the event rates obtained by fitting a
Poisson regression model to the observed numbers of events,
using cubic spline terms for time, as previously reported
(Inamoto, et al, 2011).

All tests were two sided. The type I error rate was fixed at
0-05 for determination of factors associated with time to
event outcomes. Statistical analyses were performed with
SPSS 24-0 (SPSS Inc, Chicago, IL, USA) and R 3-4.0 (R Core
Team (2017).

Results

Patients

A total of 2414 patients met the study inclusion criteria
(Table I). Median patient age was 58 years (range, 18-
77 years) and 40% of the patients were > 60 years of age at
transplantation. Status at transplantation was first CR in
2194 patients (91%) and second CR in the remaining 220
patients. Patients received either grafts from MSD
(n =1085), MUD (n = 1066) or MMUD (n = 263). Stem
cell source was PBSC in 91% of the patients. Conditioning
regimen was myeloablative (MAC) in 43% of the patients. In
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addition, 58% of the patients received in vivo T-cell deple-
tion as GVHD prophylaxis. This includes 48% of the patients
receiving antithymocyte globulin (ATG) and 10% of the
patients given alemtuzumab.

Transplantation outcomes

Cumulative incidences of grade II and III-IV aGVHD were
25% (95% confidence interval [CI]: 23-26%) and 9% (95%
CI: 8-11%), respectively. As expected, the cumulative inci-
dence of grade II-IV aGVHD was lower in MSD (20%;
range, 18-22%) than in MUD (28%; range, 25-30%) and
MMUD (31%; range, 25-36%) recipients (global P < 0-001).
In multivariate analyses, factors associated with higher inci-
dence of grade II-IV aGVHD included MUD (in comparison
to MSD; HR = 1-67, 95% CIL: 1-36-2-04, P < 0-001) and
MMUD (in comparison to MSD, HR = 1-94, 95% CI: 1-47—
2:56, P < 0-001), while the use of in vivo T-cell depletion
(HR = 069, 95%CI: 0-58-0-83, P < 0-001) was associated
with a lower incidence of grade II-IV aGVHD.

At 2 years, the cumulative incidence of cGVHD was 38%
(95% CI, 36-40%; including 17% extensive cGVHD). Med-
ian time for cGVHD occurrence was 177 days (interquartile
range: 122-273 days). In multivariate analyses, factors associ-
ated with higher incidence of cGVHD included older patient
age (HR per 10 years = 1-07, 95% CI: 1-00-1-14, P = 0-05)
and PBSC as stem cell source (HR = 1-41, 95% CI: 1-11-
1-81, P =10-006), while recent year of transplantation
(assessed as a continuous variable) (HR = 0-97, 95% CI:
0-95-0-99, P = 0-01) and the use of in vivo T-cell depletion
(HR = 0-64, 95%CI: 0-55-0-74, P < 0-001) were associated
with a lower incidence of cGVHD.

Two-year cumulative incidences of relapse and NRM were
31% (95% CI, 29-33%) and 19% (95% CI, 17-20%), respec-
tively. Two-year OS was 56% (95% CI, 54-59%).

Impact of GVHD on relapse incidence

Relapse rates per patient year declined steadily by duration of fol-
low-up (Fig 1). In multivariate time-dependent analyses, there
was no impact of grade II or grade III aGVHD on the risk of
relapse (HR =0-85, 95% CI: 0-67-1-09, P =0-19 and
HR =098, 95% CI: 0:69-1-39, P =0-90, respectively)
(Table II). The same was true when grade II-IV aGVHD was
assessed as a single group (HR = 0-89, 95% CI: 0-72-1-10,
P = 0-26). This is illustrated in Fig 1, showing no impact of grade
II-IV aGVHD on the evolution of relapse rates per patient year.

Interestingly, limited (HR = 0-66, 95% CI: 0-52-0-84,
P <0-001) and extensive (HR = 0-52, 95% CI: 0-38-0-71,
P < 0:001) cGVHD were each associated with lower risks of
relapse. The same was true when all cases of cGVHD (limited
or extensive) were assessed as a single group (HR = 061,
95% CI: 0-50-0-75, P < 0-001). This is illustrated in Fig I,
showing lower relapse rates per patient year in patients with
c¢GVHD than in those without.
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Table 1. Patient characteristics

Variable

Overall (n = 2414)

Follow-up (reverse KM) months;
median (IQR)
Patient age at transplant, years;
median (min-max)
Patient sex, n (%)
Male
Female
Missing
Karnofsky score, n (%)
<80
>80
Missing
Diagnosis to transplant, months;
median (min-max)
Previous diagnosis, n (%)
Myelodysplastic syndrome/
myeloproliferative neoplasm
Lymphoma
Other haematological malignancy
Aplastic anaemia
Breast cancer
Other solid tumour
Therapy-related (primary diagnosis
not specified)
Other diagnosis
Disease status at transplant, n (%)
First complete remission
Second complete remission
Cytogenetics, 1 (%)
Good*
Intermediatet
Poori
NA/failed
Year of transplantation, median (min-max)
Donor type, 1 (%)
HLA-identical sibling
HLA-matched unrelated donor 10/10
1/10 HLA-mismatched unrelated donor
Female to male, n (%)
No
Yes
Missing
Cytomegalovirus donor/patient, n (%)
.
+/—=
—/+
++
Missing
Cell sources, n (%)
Bone marrow
PBSC
Conditioning type, 1 (%)
Myeloablative
Reduced-intensity*
Missing

50-8 (24-6-83-7)

57.6 (18-1-77-5)

1275 (52:8)
1138 (47-2)
1

118 (5-2)

2154 (94-8)

142

4.82 (0-07-177-1)

1300 (53-8)

116 (4-8)
64 (27)

8 (0-3)
162 (6-7)
113 (4-7)
619 (256)

32 (1-3)

2194 (90-9)
220 (91)

52 (2:1)

704 (29-2)

306 (12-7)

1352 (56:0)

2012 (2005-2016)

1085 (44-9)
1066 (44-2)
263 (10-9)

2003 (83-3)
403 (167)
8

553 (23-6)
218 (9:3)
572 (24-4)
1002 (42-7)
69

228 (9-4)
2186 (90-6)

1047 (43-5)
1362 (56:5)
5
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Table 1. (Continued)

Variable Overall (n = 2414)

In-vivo TCD, n (%)
No 1003 (41-5)
Yes 1411 (58:5)
If yes, ATG/ campath 1162/249

ATG, antithymocyte globulin; HLA, human leucocyte antigen; IQR,
interquartile range; KM, Kaplan-Meier; NA, not available; PBSC,
peripheral blood stem cells; TCD, T-cell depletion.

*Defined as #(8;21), #(15;17), inv or del (16), or acute promyelocytic
leukaemia, these abnormalities only or combined with others.
Defined as all cytogenetics not belonging to the good or high risk
(including trisomias).

Defined as 1123 abnormalities, complex karyotype, abnormalities
of chromosomes 5 and 7, as well as 3q26 and 17p abnormalities, as
defined previously (Baron, et al, 2019a).

We performed sensitivity analyses to assess whether the
impact of ¢cGVHD on the risk of relapse was consistent
among various subgroups. The association between cGVHD
and GVL effects was consistent among subgroups with the
exception of the subgroup of patients with poor-risk cytoge-
netics (Fig 2).

Impact of GVHD on NRM

In multivariate time-dependent analyses, there was no impact
of grade II aGVHD on NRM (HR = 0-97, 95% CI: 0-66—
1-42, P =0-88; Table II). In contrast, grade III-IV acute
(HR = 7-04, 95% CI 5-40-9-19, P < 0-001) as well as limited
(HR = 142, 95% CI 1-04-1-93, P =0-03) and extensive
(HR = 397, 95% CI 3-05-5-17, P < 0:001) cGVHD were
each associated with higher NRM.

Impact of GVHD on OS

In multivariate time-dependent analyses, there was no impact
of grade II aGVHD on mortality (HR = 0-92, 95% CI: 0-74—
1-14, P =0-43) (Table II). However, grade III-IV acute
(HR = 3-16, 95% CI: 2-58-3-86, P < 0-001) as well as exten-
sive (HR = 1-21, 95% CI 1-01-1-45, P = 0-03) cGVHD were
each associated with a higher mortality. In contrast, limited
¢GVHD was associated with a better OS (HR = 0-61, 95%
CI: 0-50-0-74, P < 0-001). This is illustrated in Fig 3, show-
ing that mortality rates per patient year declined by duration
of follow-up in each condition, and were lower in patients
with cGVHD than in those without.

Impact of in vivo T-cell depletion, donor type and
conditioning intensity

We then assessed the impact of other factors that might
impact transplantation outcomes (such as conditioning
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Fig 1. Evolution of relapse rates according to

] GVHD status. Rates were calculated within
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intensity, donor type and the use of in vivo T-cell depletion)
in addition to GVHD occurrence. In multivariate analyses, in
comparison to patients given MAC, RIC patients had a
higher risk of relapse (HR =149, 95% CI. 1-26-1.77,
P < 0-001) and lower OS (HR = 1-24, 95% CIL: 1-08-1-42,
P =0-002) (Table II). Further, in comparison to patients
given grafts from HLA-identical siblings, those given grafts
from MUD had a lower risk of relapse (HR = 0-82, 95% CI:
0-70-0-98, P =0-03) but experienced higher NRM
(HR = 1-38, 95% CI 1-10-1-71, P = 0-004), translating to
comparable OS (HR = 1-06, 95% CI: 0-92-1-22, P = 0-40).
MMUD patients had also higher NRM (HR = 1-62, 95% CI
1-20-2-17, P = 0-001). Interestingly, the use of in vivo T-cell
depletion was not significantly associated with transplanta-
tion outcomes (besides lowering acute and c¢cGVHD inci-
dences; Table II). Finally, disease status at transplantation
was not associated with any transplantation outcomes
(Table II).

Discussion

Several previous studies have demonstrated that AML is
susceptible to GVL effects, including showing a lower inci-
dence of relapse following allogeneic than after autologous
or syngeneic transplantation (Horowitz, et al, 1990; Suciu,
et al, 2003; Cornelissen, et al, 2007), a lower risk of relapse
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sequential 90-day intervals for patients without
graft-versus-host disease (GVHD; shown in
blue), for patients with grades II-IV acute
GVHD (shown in green) or for patients with
chronic GVHD (shown in red). Small symbols
represent the actual relapse rates for each 90-
day interval. The smoothed rates were plotted
as curves for each condition

192 163 143
34 30 26
338 300 264

in patients who develop grade II-IV aGVHD and/or
cGVHD (Weiden, et al, 1981; Horowitz, et al, 1990; Baron,
et al, 2005; Baron, et al, 2012), the efficacy of allo-HSCT
following very low intensity conditioning regimens (Baron,
et al, 2005) and the ability of donor lymphocyte infusion
to cure a proportion of patients suffering from AML
relapse after allo-HSCT (Schmid, et al, 2007). In recent
years, it has been shown that the biology of SAML was lar-
gely different from the biology of de novo AML. We rea-
soned that these differences might have an impact of the
susceptibility of AML blasts to GVL effects. As example,
while TP53 mutations are frequently observed in sAML
(Rampal, et al, 2014), it has been demonstrated that gran-
zyme B-mediated cell death (a major player in GVL effects)
was dependent of TP53 activation by tumour cells. In line
with these observations, previous studies questioned the
role of allo-HSCT in AML with abnormalities of chromo-
some 17p (location of TP53)(Poire, et al, 2017). These con-
siderations prompted us to look at the susceptibility of
sAML to GVL effects.

The multivariate Cox model with GVHD assessed as
time-varying covariates has been the gold standard technique
for assessing the impact of GVHD on transplantation out-
comes (Storer, 2009). In addition of using this technique,
we further illustrated the impact of GVHD on transplanta-
tion outcomes by assessing the event rates during sequential
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Table II. Multivariate Cox models

GvL in SAML

Relapse Non relapse mortality Overall mortality
Variable HR (95% CI) p HR P HR P
GVHD*
aGVHD only grade 0-I (ref) - - - - - -
aGVHD only grade IT 0-85 (0-67-1-09)  0-19 0-97 (0-66-1-42) 0-88 0-92 (0-74-1-14) 043
aGVHD only grade III-IV 0-98 (0-69-1-39) 0-90 7-04 (5-4-9-19) <0-001 316 (2-58-3-86) <0-001
¢GVHD limited with or without aGVHD 0-66 (0-52-0-84)  <0-001  1-42 (1-04-1-93) 0-026 0-61 (0-50-0-74)  <0-001
cGVHD extensive with or without aGVHD 0-52 (0-38-0-71) <0-001 3.97 (3-05-5-17) <0-001 1-21 (1-01-1-45) 0-03
Patient age at transplantf 1-0 (0-99-1-01) 0-72 1-02 (1-01-1-03) <0-001 1-01 (1-1-02) <0-001
Disease status at HSCT: CR2 versus CR1 1-15 (0-89-1-49) 0-27 0-94 (0-69-1-28) 0-70 1-13 (0-92-1-38) 0-24
Cytogenetic
Good (ref)i - - - - - -
Intermediate§ 1-41 (0-78-2-54) 0-25 4-58 (1-45-14-4) 0-009 2-17 (1-24-3-79) 0-007
Poor| 3.28 (1-8-5.95) <0-001  4-02 (1-24-13) 0-02 3.39 (1.92-6) <0-001
NA/failed 1-58 (0-88-2-82) 0-12 4-12 (1-31-12:9) 0-015 22 (1-26-3-82) 0-005
Year of HSCT¥ 102 (0-99-1-05)  0-15 1:01 (0-97-1-04) 0-71 101 (0-99-1.03) 023
Donor type
MSD (ref) - - - - - -
MUD 10/10 0-82 (0-70-0-98) 0-026 1-38 (1-1-1-71) 0-004 1-06 (0-92-1-22) 0-40
MMUD 0-80 (0-62-1-04)  0-096 162 (1.2-2-17) 0-001 112 (092-1:37) 027
Female to male: yes versus no 093 (0-76-1-13) 0-45 1-19 (0-94-1-49) 0-14 1-08 (0-93-1-26) 0-33
CMV patient positive: yes versus no 1-03 (0-88-1-21) 0-71 1-31 (1-07-1-6) 0-009 1-15 (1-1-31) 0-046
CMV donor positive: yes versus no 1-02 (0-87-1-19) 0-80 0-93 (0-77-1-12) 0-42 1-01 (0-90-1-15) 0-82
Cell source: PBSC versus BM 0-84 (0-66-1-06) 0-14 1-16 (0-83-1-62) 0-37 0-94 (0-77-1-15) 0-55
Conditioning typ: RIC versus MAC 1-49 (1-26-1-77) <0-001 1-02 (0-83-1-24) 0-88 1-24 (1-08-1-42) 0-002
In-vivo TCD: yes versus no 0-96 (0-81-1-13) 0-60 0-97 (0-79-1-18) 0-76 0-91 (0-79-1-03) 0-14

aGVHD, acute GVHD; ATG, anti-thymocyte globulin; BM, bone marrow; cGVHD, chronic GVHD; CI: confidence interval; CMV, cytomegalo-
virus; CR, complete remission; GVHD, graft-versus-host disease; HR: hazard ratio; HSCT: haematopoietic stem cell transplantation; MAC,
myeloablative conditioning; MMUD, 1/10 HLA-mismatched unrelated donor; MSD, HLA-identical sibling donor; MUD, HLA-matched unrelated
donor; NA: not available; PBSC, peripheral blood stem cells; RIC, reduced-intensity conditioning (as defined by Baron, et al, 2016); TCD: T-cell

depletion.

*GVHD was handled as a time-dependent covariate.

Introduced as a continuous variable in the models.

"Defined as 1(8;21), #(15;17), inv or del (16), or acute promyelocytic leukaemia, these abnormalities only or combined with others.

$Defined as all cytogenetics not belonging to the good or high risk (including trisomias).

"Defined as 11q23 abnormalities, complex karyotype, abnormalities of chromosomes 5 and 7, as well as 3q26 and 17p abnormalities, as defined

previously (Baron, et al, 2019¢).

90-day periods according to GVHD status. This last tech-
nique enables the evolution of event rates over time to be
determined and is not impacted by competing risks (Ina-
moto, et al, 2011).

A first observation of our study was that occurrence of
cGVHD was associated with lower risk of sAML relapse,
clearly demonstrating a GVL effect in sAML. This was
observed both with limited and extensive forms of cGVHD.
The beneficial impact of cGVHD was consistent among vari-
ous subgroups with the possible exception of the subgroup
of patients with poor risk cytogenetics, although this obser-
vation should be interpreted with caution given the relative
low number of patients in that subgroup. Indeed, donor ver-
sus no donor analyses have demonstrated a beneficial impact
of having a HLA-identical sibling donor in (de novo) AML
patients with poor-risk cytogenetics (Suciu, et al, 2003;
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Baron, et al, 2019b), including those with monosomal kary-
otype (Baron, et al, 2019¢).

Interestingly, grade II aGVHD was not associated with
lower risks of relapse. This is in contrast to what has been
observed in patients with de novo AML given grafts after
MAC or RIC regimens (Baron, et al, 2012) and might reflect
differences in the biology of de novo versus secondary AML.

An important observation of our study is that, because of
their association with NRM, all severe (grade III-IV acute
and extensive chronic) forms of GVHD were associated with
lower OS. This clearly indicates that, despite the high risk of
relapse associated with sAML, strategies aimed at preventing
severe GVHD are nevertheless warranted in that setting. ATG
has been shown to efficiently prevent GVHD without
increasing the risk of relapse in several prospective phase III
trials, including mainly AML patients (Kroger, et al, 2016;
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Walker, et al, 2016; Finke, et al, 2017). In our large cohort of
SAML patients, the use of in vivo T-cell depletion (mainly
ATG) did not impact the risk of relapse but failed to signifi-
cantly improve OS, as observed in prior phase III trials (Kro-
ger, et al, 2016; Finke, et al, 2017).

In addition to provide evidence for GVL effects in sAML,
the current study also showed a higher risk of relapse in
patients given RIC regimens, translating to worse OS. This
demonstrates that the intensity of the conditioning regimen
matters in SAML patients offered an allo-HSCT. This obser-
vation is in line with observations made in de novo AML and
in MDS patients, where patients randomized to receive a
RIC regimen had higher risk of relapse, translating to a trend
for lower OS in comparison to those offered a MAC regimen
(Scott, et al, 2017).

Several studies have compared the strength of GVL effects
after transplantation with MUD versus HLA-identical sibling
donors, yielding conflicting results (Ringden, et al, 2009; Ho,
et al, 2011). Indeed, there is greater genetic diversity in case
of MUD transplantation that might result in enhanced GVL
activity (Martin, et al, 2017). In concordance with this
hypothesis, we observed lower relapse incidence in MUD
recipients than in those transplanted with grafts from HLA-
identical siblings, suggesting stronger GVL effects. However,
we did not observe lower risks of relapse in male patients
given grafts from female donors neither in the whole cohort
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of patients and nor the subgroup of patients given grafts
from HLA-identical sibling (HR = 0-8, 95% CI: 0-7-1-1).

Despite the fact that this retrospective study included only
data from patients in CR at transplantation, the relapse inci-
dence was relatively high (30% at 2 years), underlying the
poor prognosis of SAML patients. Assessing the relapse rates
per patient-year over a 90-day period allowed clear demon-
stration that relapse occurrence declined over time, signifying
that future strategies aimed at preventing disease progression
should investigate early interventions. These interventions
might include post-transplant administration of targeted
therapies, such as demethylating agents (Goodyear, et al,
2012; Ehx, et al, 2017; Huls, et al, 2019). Another strategy
for separating GVL effects from severe GVHD in the HLA-
matched transplantation setting might comprise post-trans-
plantation (PTCy,
50 mg/kg on days +3 and +4) as a single GVHD-prophylaxis
agent (Kanakry, et al, 2014; McCurdy, et al, 2019).

This study has some limitations. First, by using grade 0-1

administration of cyclophosphamide

aGVHD allo-HSCT recipients as the reference group, our
study does not take GVL occurring either without clinical or
with grade I aGVHD into account. Indeed, previous studies
have demonstrated a lower incidence of relapse associated
with grade I aGVHD. Secondly, cGVHD was stratified using
the limited versus extensive classification and not with the
recent NIH classification (Baron et al, 2012). Thirdly,
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different RIC and MAC regimens were used, some of which
might have greater anti-tumour activities than others (Baron,
et al, 2015). Similarly, there was some heterogeneity in the
methods used for GVHD prophylaxis that might also have
an impact on AML relapse.

In summary, in this large cohort of SAML patients in CR
at transplantation we observed GVL effects associated with
cGVHD. While there was better OS in patients who devel-
oped limited ¢cGVHD, extensive ¢cGVHD and grade III-IV
aGVHD were each associated with increased NRM and over-
all mortality. In addition, while MUD recipients had a lower
risk of relapse, they had higher NRM offsetting any potential
OS benefit. Further studies should focus at optimizing the
conditioning regimens and/or administering post-transplant
maintenance therapies in an attempt to further reduce post-
transplantation relapses.
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