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Abstract

Reduced-intensity conditioning (RIC) and t-cell depletion (TCD) through CD34+ selection
without the use of post-transplant immunosuppression are 2 strategies used to reduce non-relapse
mortality (NRM) in older patients after allogeneic hematopoietic cell transplantation (allo-HCT).
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To compare the efficacy of both approaches (RIC and TCD), we evaluated the outcomes of AML
and MDS patients > 50 years who underwent allo-HCT from an HLA-matched donor with one of
these strategies. Baseline characteristics were comparable between patients receiving TCD
(n=204) and RIC (n=151) except for more unrelated donors (68% vs. 40%, p<0.001) and higher
comorbidity burden in the TCD cohort (HCT-CI =3: 51% vs. 38%, p<0.001). After analyzing
outcomes at 3 years, patients with TCD showed higher chronic graft-versus-host disease
(GVHD) / relapse-free survival (CRFS) (51% vs. 7%, p<0.001), lower incidence of grade 2-4
acute (18% vs. 46% at day +180) and chronic (6% vs. 55%, at 3 years) GVHD (p<0.001) and
lower incidence of relapse (19% vs. 33%, at 3 years) (p = 0.001) compared with those receiving
RIC allo-HCT. RFS, OS and NRM were similar between both groups. Combining transplant
approach (RIC vs. TCD) and comorbidity burden (HCT-CI 0-2 vs. = 3) patients with HCT-CI
score of 0-2 seemed to benefit of receiving the TCD approach. /n conclusion, in this retrospective
study, the use of a CD34+ selected graft and a myeloablative conditioning was associated with
higher CRFS and similar RFS and OS compared to unmodified allo-RIC in patients > 50 years
with AML and MDS.
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Introduction

Allogeneic hematopoietic cell transplantation (allo-HCT) is the only curative treatment for
high risk acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS). Patients
with standard and high risk AML and advanced MDS are usually considered candidates for
allo-HCT due to the high risk of disease progression and relapse. However, this procedure
has significant transplant-related mortality (TRM) and morbidity, especially in patients over
50 years of age. Several approaches have been considered to reduce TRM in older patients
or those with comorbidities. The most widely used strategy is to lower the intensity of the
preparative regimen to either a reduced-intensity (RIC) or a non-myeloablative (NMA)
conditioning. While this approach can significantly reduce TRM, it also increases the risk of
relapsel~4. Another approach is ex-vivo T-cell depletion of the allograft through CD34+ cell
selection prior to transplant. This strategy has been shown to significantly decrease the
incidence of acute and chronic graft-versus-host disease (GVHD) with acceptable long term
relapse-free (RFS) and overall survival (OS) in patients with several diseases including
AML and MDS.5-12 Moreover, the absence of a requirement for post-transplant
immunosuppressive therapy makes this approach attractive for patients with comorbidities
who could avoid drug-related toxicity, especially from calcineurin inhibitors. To compare the
efficacy of both approaches (RIC and TCD) in the setting of a homogeneous population of
patients > 50 years, we evaluated the outcomes of AML and MDS patients who underwent
allo-HCT from an 8/8 HLA-matched donor with the TCD approach at Memorial Sloan
Kettering Cancer Center (MSKCC) or with the RIC approach at a consortium of 4
University Hospitals in Spain.
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Patients and Methods

Patients

Patients diagnosed with AML or MDS and undergoing allo-HCT from January 2005 through
September 2014 at MSKCC and in the Spanish consortium of 4 large university centers were
identified through institutional HCT registries. For inclusion in the study, patients had to
meet all of the following: (1) being 50 years of age or older, (2) receiving a first allo-HCT,
(3) being in CR or CR with incomplete hematological recovery (CRi) for AML or have <
5% blast in pre-transplant bone marrow evaluation for MDS, and (4) receiving G-CSF
mobilized peripheral blood progenitors from an 8/8 HLA-matched related or unrelated
donor. Patients transplanted at MSKCC received myeloablative conditioning followed by
infusion of the graft with in vivo CD34+ positive selection (TCD approach). Patients
transplanted in the Spanish consortium received RIC followed by unmodified graft infusion
and immunosuppressive therapy (RIC approach). Written informed consent for treatment
was obtained from all patients and donors. Approval for this retrospective review was
obtained from the Institutional Review and Privacy Board of all participant institutions.

Transplant procedures and supportive care

The TCD approach consisted of myeloablative conditioning in all patients with either total
body irradiation (TBI) or chemotherapy-based regimens. Either of two TBI-based regimens
were used: TBI 1375 cGy given in 11 fractions followed by 2 daily doses of thiotepa (5
mg/kg/day) and, either 2 daily doses of cyclophosphamide (60 mg/kg/day) starting after
thiotepa, or 5 daily doses of fludarabine (25 mg/m?/day) beginning on the first day of
thiotepa.8 The chemotherapy-based preparative regimen consisted of intravenous busulfan
(0.8 mg/kg/dose) every 6 hours for 10 doses, melphalan (70 mg/m?2/day) for 2 doses and
fludarabine (25 mg/m?/day) for 5 doses.10 TBI-based regimen was preferred in younger and
fit patients while chemo-based regimen was designed for older patients or those not eligible
for TBI. T cell depletion of granulocyte colony stimulating factor mobilized peripheral
blood stem cells (PBSC) was performed as previously described.8:9:13 Positive selection of
CD34+ cells was performed by using Isolex 300i Magnetic Cell Separator (Baxter,
Deerfield, IL) and subsequent sheep RBC rosette depletion,® or using the CliniMACS CD34
Reagent System (Miltenyi Biotech, Gladbach, Germany).14 Equine or rabbit anti-thymocyte
globulin (ATG) (2.5mg/kg/day on days —3 and —2) were used to promote engraftment in the
majority of cases. No other post-transplant immunosuppressive therapy was used for any of
the patients. Preventive DL Is were not planned in either transplant protocols.

The RIC approach consisted of fludarabine based conditioning (150mg/m?) in combination
with busulfan (8-10 mg/kg) or busulfan and thiotepa (5-10mg/kg). A few patients included
in a specific protocol received fludarabine-melphalan (70-140mg/m2) conditioning, as
previously reported®15. Unmodified grafts from peripheral blood mobilized progenitors
were infused on day 0. GHVD prophylaxis consisted of calcineurin inhibitors (tacrolimus or
cyclosporine) in combination with either short course methotrexate (15mg/m?2 on day +1 and
10mg/m? on days +3,+6 and +11, followed by folinic acid rescue), mycophenolate mofetil
started on day O (at least 10 hours after infusion of progenitors) at a dose of 15mg/kg tid, or
sirolimus started on day -6 at 2—4 mg/day. ATG was used in this protocol only for patients
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receiving a graft from HLA mismatched unrelated donors. Thus, no patient included in this
study received ATG.

HLA matching was established by DNA sequence-specific oligonucleotide typing for HLA-
A, -B, C, DR-B1 and DQ-B1 loci. HLA matched patient-donor combination were defined if
both alleles were matched at A, B, C and DRB1 locus (8/8). Patients receiving allo-HCT
from HLA mismatched donors or haploidentical donors were excluded. All patients received
supportive care and prophylaxis against opportunistic infections according to standard
guidelines.

Cytogenetics, Disease Risk Index and Comorbidity assessment and scoring

Cytogenetics and Disease Risk Index were calculated and classified as recently refined by
Armand et al.16 Since all patients had to be in remission in order to be included in the study,
the stage risk category was low in all patients. Thus, there were no patients in the very high
risk group. The HCT-CI was calculated as originally defined and following standard
recommendations.1”:18 Patients were classified in the same risk groups as the original
publications of both models.

Endpoints, definitions and statistical analysis

Descriptive statistics were used to summarize patient characteristics. Comparisons of patient
characteristics across transplant type (TCD vs RIC) were evaluated using Fisher-exact test
for categorical variables and Wilcoxon-rank sum test for continuous variables.

The primary endpoint of the study was chronic-GVHD free/relapse free-survival (CRFS).
Secondary end-points included overall survival (OS), relapse-free survival (RFS), non-
relapse mortality (NRM) and relapse. All time-to-event outcomes started from the date of
transplant (HCT date). CRFS considered moderate to severe chronic GVHD according to
NIH consensus criteria global score,19 disease relapse or any-cause death as events; OS
considered any-cause death as an event; RFS considered both disease relapse and any-cause
death as events. The probabilities of OS, RFS and CRFS at select time point were estimated
using Kaplan-Meier methods. Univariate comparisons of OS, RFS and CRFS across patient
and transplant characteristics were evaluated using the log-rank test.

Competing risk analyses were used for NRM and relapse outcomes. NRM was defined as
any-cause death treating relapse as a competing risk. Relapse was defined as disease relapse
with death in the absence of relapse as a competing risk. The cumulative incidence failure
(CIF) rates for NRM and relapse were estimated based on Gray20.Univariate comparisons
for NRM and relapse were evaluated using Gray test?1,

Multivariate models were developed for OS, RFS, and CRFS using the Cox proportional
hazards model and NRM and relapse using the Fine and Gray model. The primary
comparison was transplant type, and all models adjusted for age (>60 years) and donor
(related vs. unrelated). Additional factors were considered based on having a univariate p
value <0.1. Prognostic factors evaluated in the univariate analysis included: gender of the
patient and donor, diagnosis (AML vs. MDS), DRI (low and intermediate vs. high), HCT-CI
(low vs. intermediate vs. high) and HCT approach (TCD vs. RIC).
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We also examined the association between a combination of transplant approach (TCD vs.
RIC) and comorbidity burden (HCT-CI 0-2 vs. = 3) with transplant outcomes. Another set
of multivariate models were built using this combination variable [table 5].

The patients were analyzed according to their status as of September 2015. All statistical
analyses were performed by using R 3.2 and SAS 9.4.

Results

Patients characteristics

A total of 356 patients (204 receiving TCD and 152 receiving RIC) fulfilled the inclusion
criteria and constitute the study population. The main clinical characteristics are summarized
in Table 1. In brief, the median age at HCT was 61 years (range 50-73). Underlying diseases
included AML (n = 232, 65%) and MDS (n = 124, 35%). Patients with AML were mostly in
first complete remission (n = 195, 84%). Fifty-two percent of the patients received a
transplant from HLA identical sibling donors. Median HCT-CI score was 2 (range 0-13) and
most patients had an intermediate DRI score. Patients in the TCD and RIC groups had
similar cytogenetic risk for AML (low risk, n = 7 [5.4%] vs. n = 4 [4.19], intermediate risk,
n =102 [78.5%] vs. n = 83 [84.7%]; high risk, n = 21 [16.2%] vs. n = 11 [11.2%]) (p =
0.508) and MDS (low risk, n = 0 vs. n = 0, intermediate risk, n = 51 [72.9%] vs. n = 33
[63.5%]; high risk, n = 19 [27.1%] vs. n = 19 [36.5%)]) (p = 0.324). Patients in the TCD
group had more unrelated donors (n = 121/204 [60%] vs. n = 49/152 [32%], p < 0.001) and
higher HCT-CI (HCT-CI 23: n = 104/204 [51%] vs. n = 58/152 [38%)], p < 0.001) than
patients in the RIC group. Median age for patients in the TCD group was 61 years while for
the RIC group was 60 years (p = 0.030). All other baseline characteristics were balanced
between both groups. Median time from diagnosis to transplant in the TCD and RIC groups
were 5.5 months (range: 0.8 — 172.6 months) and 6.4 (range 2-103), respectively. The
median follow-up for survivors was 3.8 years (range 0.4-10.6).

Engraftment, OS, RFS and CRFS

Three-hundred and fifty-four patients were evaluable for engraftment and all of them
engrafted. Two patients receiving TCD died due to organ toxicity on days +1 and +10 and
were not evaluable for this outcome. One hundred and ninety-six patients were alive at last
follow-up. The probability of OS at 3 years in the TCD and RIC groups of 58% (95%CI 51—
65) and 56% (95%CI 48-64), respectively (p = 0.285) (Figure 1A, Table 2). In the univariate
analysis, risk factors for lower OS included age > 60 years (p = 0.002) and DRI High
(compared to reference Low-Intermediate, p < 0.001) (Table 3). After multivariate analysis
both variables retained statistical significance whereas patients receiving RIC (compared to
TCD) showed a trend for increased risk of death (p = 0.056) (Table 4).

Probability of 3-year RFS was 55% (95%CI 48-62) in the TCD group vs. 50% (95%CI 42—
58) in the RIC group (p = 0.130) (Figure 1B, Table 2). In the univariate analysis, the risk of
relapse or death was higher for age > 60 years (p = 0.002) and DRI High (compared to
reference Low-Intermediate, p < 0.001) (Table 3). In the multivariate analysis, variables
associated with lower RFS were age (p = 0.002) and DRI (p < 0.001). There was no
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univariate association of transplant type (TCD vs. RIC) and RFS risk (p = 0.130); however,
upon multivariate adjustment, a statistically significant association towards higher RFS in
the TCD group was observed (p = 0.038). (Table 4).

The 3-year probability of CRFS was higher in the TCD group 51% (95%CI 44-58) than in
the RIC group 7% (95%CI 4-13) (p < 0.001) (Figure 2, Table 2). In the univariate analysis,
the factors associated with an increased risk of the composite CRFS endpoint were DRI
Intermediate and High (p < 0.001) and RIC approach (p<0.001), whereas patient age showed
atrend (p= 0.071) (Table 3). In the multivariate analysis all variables remained significant
(DRI: p< 0.001; RIC approach: p< 0.001 and age: p=0.025) (Table 4).

Non-relapse mortality

Relapse

Eighty-five patients had experienced NRM in our cohort, 55 in the TCD group and 30 in the
RIC group. Most frequent causes of NRM in the TCD group were infection (n = 23, 42%),
organ failure (n = 16, 29%), GVHD (n = 7, 13%), other malignancy (n = 3, 5%), other cause
(n =5, 9%) and unknown cause (h = 1, 2%). In the RIC group, patients experienced NRM
due to GVHD (n = 10, 33%), infection (n = 8, 27%), organ failure (n = 3, 10%) other
malignancy (n = 2, 7%), other cause (n = 4, 13%) and unknown cause (n = 3, 10%).
Cumulative incidence of NRM at +100 days, 1 year and 3 years in the TCD group were 9%
(95% CI 5-13), 18% (95%CI 13-23) and 26% (95%CI 20-32), respectively, whereas in the
RIC group were 4% (95% CI 1-7), 11% (95%CI 6-16) and 17% (95%CI 10-23),
respectively (p = 0.106) (Table 2, Figure 3A).

In the univariate analysis, risk factors for an increased NRM risk (Table 3) included age > 60
years (p = 0.014), unrelated donor (p = 0.004), diagnosis of MDS (p = 0.009) and HCT-CI
1-2 and = 3 (compared to reference HCT-CI = 0; overall p = 0.038). In the multivariate
analysis, all these variables retained statistical significance or border line significance (age: p
=0.047; unrelated donor: p = 0.035, diagnosis of MDS: p = 0.025, HCT-Cl 1-2and = 3: p =
0.084 (Table 4). The transplant approach (TCD vs. RIC) was not associated with NRM risk
in the multivariate model (p = 0.620).

A total of 87 patients experienced disease relapse at 3 years, 38 in the TCD group and 49 in
the RIC group. The 3-year cumulative incidence of relapse in the TCD and RIC groups were
19% (95%CI 14-25) and 33% (95%CI 25-41, p = 0.001), respectively Figure 3B). In the
univariate analysis, high DRI (compared to reference Intermediate-Low, p < 0.001) and RIC
approach (compared to TCD, p = 0.001) were associated with increased relapse risk (Table
2-3). In multivariate analysis, both variables remained statistically significant (RIC
approach: p = 0.002; DRI: p < 0.001) (Table 4).

Acute and chronic GVHD

Cumulative incidence of grade 2—4 acute GVHD at day +180 in TCD and the RIC groups

were 18% (95%CI 12—-23%) and 46% (95%CI 38-54%), respectively (p < 0.001), whereas
cumulative incidence of 3-year chronic GVHD in TCD and the RIC groups were 6% (2.7-
9.4%) and 55.3% (47.1-63.4%), respectively (p < 0.001, Figure 4). Among the 12 patients
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with chronic GVHD features at 3 years in the TCD group, disease severity was mild in 6
patients, moderate in 2 and severe in 4 patients. In the RIC group, 82 patients experienced
chronic GVHD: 28 mild, 28 moderate and 26 severe.

Subgroup analysis of comorbidity burden and HCT approach

After combining the comorbidity burden and HCT approach, patients were classified into 4
groups: TCD and HCT-CI = 0-2 (n = 100, 28%), TCD and HCT-CI = 3 (n = 104, 29%), RIC
and HCT-Cl= 0-2 (n = 94, 26%) and RIC and HCT-CI = 3 (n = 58, 16%). In the univariate
analysis, there were overall differences in relapse risk (p = 0.009), CRFS (p < 0.001) and
RFS (p = 0.04), with the lowest risk among patients in the TCD group and HCT-CI 0-2
(compared to TCD and HCT-CI = 3, RIC and HCT-Cl= 0-2 and RIC and HCT-CI = 3). No
differences in NRM were observed (p = 0.089) (table 3). In the multivariate analysis, these
variables retained statistical significance except for the NRM, which was similar in patients
receiving TCD irrespective of their HCT-CI score (p = 0.270) In addition, patients in the
TCD group and HCT-CI 0-2 (compared to RIC and HCT-CI= 0-2 and RIC and HCT-CI = 3)
showed a trend towards higher OS (p = 0.087; HR = 1.66 [95%CI: 1.05-2.63] and
1.81[1.09-2.99]) (Table 5, Figure 5A).

Discussion

Patients > 50 years are not usually considered for allo-HCT with myeloablative conditioning
and unmodified grafts due to a high risk of NRM, especially those with comorbidities. The
most common option used for these patients is proceeding with a RIC allo-HCT with an
unmodified graft. An alternative option is to proceed with a myeloablative conditioning and
a CD34+ selected graft. This approach bypasses the need for post-transplant
immunosuppression, which may lead to less organ damage and result in lower NRM.
However, these approaches have not been compared.

This is the first study comparing the use of CD34+ selection of the graft and myeloablative
conditioning with the use of RIC and unmodified grafts for patients undergoing allo-HCT.
Despite a higher comorbidity burden and more unrelated donors in the TCD group, these
patients showed higher CRFS and lower incidence of acute and chronic GVHD compared
with those receiving RIC allo-HCT. RFS, OS and NRM were similar between both groups.
When combining transplant approach and HCT-CI, the patients with TCD and low HCT-CI
also had improved OS compared to patients undergoing RIC regardless of their HCT-CI.

The lower incidences of chronic GVHD and CRFS observed in the TCD group may lead to a
better quality of life and an improvement in self-reported outcomes in patients treated with
this procedure. Although no specific data on these topics was available in our study, several
investigations have shown an association between a lower incidence of chronic GVHD and a
better psychological well-being and a higher likelihood of returning to work in the patients
receiving allo-HCT.22:23

Regarding the causes of these differences in chronic GVHD and CRFS, one is, obviously,
the lower number of T-cells in the CD34+ selected graft. However, we cannot exclude that
the ATG used to promote engraftment in the TCD group may have also contributed to the
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lower incidence of chronic GVHD in these patients. Since ATG is an essential part of this
transplant platform we cannot evaluate the individual impact of each of these two factors,
but we can conclude that the risk of acute and chronic GVHD in the setting of matched
related or unrelated donors is lowered by using the TCD platform when compared with the
RIC approach with unmodified grafts.

The use of ATG in the setting of matched related donor RIC allo-HCT remains
controversial, due to a potential higher incidence of relapse in patients receiving ATG
reported in some2 but not all studies?>-28, Other unsolved questions on the use of ATG in
RIC allo-HCT include type and dose of ATG and timing of the administration. Thus, we
consider that the allo-RIC with CNI-based GVHD prophylaxis without ATG is a valid
comparator with CD34+ selection, at least until prospective studies clarify the optimal usage
of ATG in this population of patients. Comparing MAC vs. RIC in patients around 50 years
of age could be debatable. While the BMT-CTN 0901 trial showed that MAC was superior
to RIC in patients with AML (but not those with MDS),2° a similarly designed randomized
trial by the German group (AML)30 and the EBMT (MDS and secondary AML)3! failed to
demonstrate this advantage. In light of these contradictory results and while awaiting further
trials, we consider that the RIC vs. MAC debate in patients > 50 years is not closed and the
comparison remains valid.

Other studies have compared the use of CD34+ selection of the graft as the sole
immunosuppressive therapy with the use of unmodified grafts and post-HCT
immunosuppression in patients with AML, MDS and acute lymphaoblastic leukemia (ALL),
all of them in the myeloablative conditioning setting. Pasquini et al. compared the outcomes
of patients with AML and MDS treated on the BMT CTN 0303 TCD trial to a matched
cohort of patients receiving unmodified grafts on BMT CTN 0101 protocol and showed
similar survival and relapse rates, but significantly lower chronic GVHD and higher CRFS
in the TCD group.12 More recently, two studies have retrospectively compared patients
receiving unmodified grafts and CD34+ selected grafts in the setting of AML’ and ALL® in
two different institutions, showing similar results. All these studies, including ours, revealed
consistent results with similar OS and NRM between groups but with lower incidence of
acute and chronic GVHD in the TCD setting.

Our findings on disease relapse require further considerations. Studies from the 1990s and
early 2000s evaluating the use of TCD seemed to show a higher relapse risk for patients
treated with this approach32. This observation was explained by the lower number of T cells
in the graft, which would lead to a less profound graft-versus-leukemia effect. However,
these studies were performed in an era when chronic myelogenous leukemia (CML) was the
main indication for allo-HCT and bone marrow was the preferred stem cell source. CML has
been recognized as especially sensitive disease to the GVL effect32. Despite the fact that
more contemporary studies in acute leukemia and MDS with new CD34+ selection
strategies and conditioning regimens have not confirmed the higher relapse risk in the TCD
setting® 712 compared with unmodified grafts, there are still some concerns in the transplant
community about the risk of relapse after the TCD procedure. In the study reported herein,
the relapse risk in the TCD group was actually lower than in the RIC group. This finding
might be driven by the lower intensity of the preparative regimen in the RIC group as shown
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in a recent prospective trial comparing MAC and RIC in T-cell replete transplants (BMT
CTN 0901, NCT01339910)2° and several retrospective studies':3. Thus, in acute leukemia
and MDS the regimen intensity may in fact be more critical than the GVL effect in
controlling disease relapse. This contrasts with results of allo-HCT in CML, where the use
of TCD results in higher relapse and the role of GVL is clearly established. Since the DRI
were well matched between the two groups we consider that this finding might not be
attributed to the different inclusion criteria for allo-HCT in both institutions. Also,
calcineurin inhibitors, widely used in the RIC approach (as opposed to TCD), are known to
promote the reconstitution of regulatory T-cells, which have been associated with disease
relapse after allo-HCT.33:34

We recently reported that lower HCT-CI and HCT-Cl/age were associated with lower NRM
and higher OS in CD34-selected alloHCT.3% In the present study, the results of our analysis
of subgroups combining the HCT-CI and the transplant approach showed that, in terms of
CRFS, patients benefit from TCD allo-HCT (as compared to RIC) irrespective of their
comorbidity burden. Noteworthy, patients with low comorbidity scores seemed to benefit the
most from this strategy and had also an advantage in RFS. Patients with more severe
comorbidities had higher NRM with the TCD approach than with the RIC (mainly due to
organ toxicity in as recently reported in TCD allo-HC736-38), although the lower risk of
relapse counterbalanced the deleterious effect on NRM leading to similar RFS but with
higher CRFS with the TCD approach than with the RIC.

While awaiting for the results of the ongoing randomized phase I11 trial evaluating the role
of CD34+ selection as a calcineurin-free GVHD prophylaxis strategy in the myeloablative
setting (BMT CTN 1301, NCT02345850), our current study shows that the use of CD34+
selected graft and a myeloablative conditioning is associated with higher CRFS and at least
similar RFS and OS compared to unmadified allo-RIC in patients > 50 years with AML and
MDS.
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Highlights

. MAC with CD34+ selection results in similar DFS and OS than RIC with
unmanipulated grafts in AML and MDS

. MAC and CD34+ selection showed lower risk of GVHD and higher CRFS
than RIC with unmanipulated grafts

. Patients with MAC and CD34+ selection showed lower risk of relapse than
RIC with unmanipulated grafts

. For patients with low HCT-CI, MAC with CD34+ selection resulted in higher
OS than unmanipulated RIC
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Figure 1:
Probability of OS (A) and RFS (B) according to transplant approach
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Figure 2:
Probability of CRFS according to transplant approach

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2019 October 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Barba et al.

1.0

Cumulative Incidence Rate (NRM)
0.2 0.4 0.6 0.8

0.0

— TCD (NRM)
= = RIC (NRM)

1 2 3 4 5 6 7 8 9 10 1
Years

Figure 3:

0.6 0.8 1.0

0.4

Cumulative Incidence Rate (Relapse)
0.2

0.0

Page 16
— TCD (Relapse) .
= = RIC (Relapse)
p =0.001
Lol T TR L= =p==
Fa [

Cumulative Incidence of NRM (A) and relapse (B) according to transplant approach

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2019 October 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Barba et al.

0.6 0.8 1.0

04

Cumulative Incidence Rate (aGVHD)
0.2

0.0

Page 17
o ]
A =%l — TCD (cGVHD)
— TCD (aGVHD) = B
- = RIC (aGVHD) < RIC (cGVHD)
Qo |
Er=
p <0.001 % p < 0.001
xeo |
7= U e S S P
8] T
= s
e e e S R e e 8 -~ 4
a— ﬁ' _ ~
; E o 57
[ s
¢ o ']
’ 2~ "
f ~ © - —
Iy 50 i
5 (
Oo | L
| | I | e T T T T 1
1 2 3 4 0 1 2 3 4
Years Years
Figure 4:

Cumulative Incidence of acute (A) and chronic (B) GVHD
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Probability of OS (A) and CRFS (B) according to transplant approach and comorbidity
burden

Footnote Figure 5. Patients were categorized into 4 subgroups: TCD and HCT-Cl =0-2 (n =
100), TCD and HCT-CI = 3 (n = 104), RIC and HCT-CI = 0-2 (n = 94) and RIC and HCT-

Cl>3(n=58)
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Patient Characteristics

Table 1.

Characteristic
Age, yr, median (range)

Male sex, n (%)

Female donor to male recipient, n (%)

Underlying disease, n (%)
AML
MDS

Disease status for acute leukemia ™, n (%)

CR1
CR2-3

Donor type, n (%)
Related HLA-identical
Matched unrelated

Conditioning regimenf, n (%)
Busulfan-melphalan-fludarabine
TBI-based
Fludarabine-busulfan 2
Fludarabine-busulfan 2-thiotepa
Fludarabine-melphalan

T-cell depletion method, n (%)
CliniMACS
Isolex

GVHD prophylaxis, n (%)
Tacrolimus-sirolimus
CNI-mycophenolate mofetil
CNI-methotrexate

HCT-CI, n (%)

0
1-2
=3

DRIZ 1 (%)
Low
Intermediate

High

Follow-up for survivors, yr, median (range)

All (n = 356)
61 (50-73)
213 (60)

66 (19)

232 (65)
124 (35)

195 (84)
37 (16)

184 (52)
170 (48)

177 (86)
27 (13)
124 (82)
18 (12)
10(7)

126 (62)
78 (38)

70 (46)
38 (25)
44 (29)

97 (27)
97 (27)
162 (46)

113)

269 (77)

70 (20)

3.78 (.4-10.6)

TCD Group (n = 204)
61 (50-73)

114 (56)

35 (17)

133 (65)
71 (35)

109 (82)
24 (18)

81 (40)
121 (60)

177 (86)
27 (13)

126 (62)
78 (38)

38 (19)
62 (30)
104 (51)

7(4)

153 (77)

40 (20)

3.75 (1-10.6)

RIC Group (n = 152)
60 (50-71)

99 (65)

31 (20)

99 (65)
53 (35)

86 (87)
13 (13)

103 (68)
49 (32)

124 (82)
18 (12)
10 (7)

70 (46)
38 (25)
44 (29)

59 (39)
35 (23)
58 (38)

4(3)

116 (77)

30 (20)

3.88 (4-8.9)

P Value
.03
.08
.50

10

40

<.001

NA

NA

NA

<.001

.925

NA indicates not applicable.

*
Percentage over the AML cases, only.

fOne patient in the TCD group received clofarabine-thiotepa-melphalan.
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iBecause only patients in remission or untreated were included in this study, no patient was in DRI high-risk stage. Thus, no patient could meet the
criteria for classification in the very high risk DRI category. Cytogenetics were not available for 4 patients in the TCD group (2%) and in 2 patients
in the RIC group (1%). DRI could not be calculated for these patients.
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Table 2.
Comparison of Outcomes in the CD34+ Cell-Selected and Unmodified Grafts
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Outcome CD34+ Cell-Selected MAC, % (95% CI)  Unmodified RIC, % (95% CI) P Value
RFS
1 year 68.1 (61.3-74) 61 (52.8-68.3) 13
3 years 54.9 (47.6-61.7) 50.4 (42-58.3)
0s
1 year 74 (67.4-79.5) 68.3 (60.2-75.1) 285
3 years 57.9 (50.5-64.6) 56.2 (47.7-63.9)
Relapse incidence
1 year 13.7 (9-18.5) 27.7 (20.6-34.9) .001
3 years 19.1 (13.6-24.6) 33.1 (25.4-40.8)
NRM
100 days 9.3 (5.3-13.3) 3.9(8-7.1) 106
1 year 18.1 (12.8-23.4) 11.3 (6.2-16.3)
3 years 25.9 (19.7-32.1) 16.5 (10.4-22.6)
Acute GVHD grade I1-1V
180 days 17.6 (12.4-22.9) 46.1 (38.1-54.1) <.001
Chronic GVHD
3 years 6 (2.7-9.4) 55.3 (47.1-63.4) <.001
CRFS
1 year 64.7 (57.7-70.8) 21.3 (15.1-28.1) <.001
3 years 51.1 (43.8-57.9) 7.4 (3.8-12.6)
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Table 3
Univariate Analysis of Risk Factors for Transplantation Outcomes, All Patients

Patient and NRM Relapse oS CRFS RFS

Graft . HR (95% P HR (95% P HR (95% P HR (95% P HR (95% P

Characteristic Cl) value CI) value CI) value CI) value CI) value

Sex .627 .189 177
Male Reference Reference Reference .293 Reference .071 Reference
Female .89 (57— .75 (48— .84 (.61- 79 (.6- .81 (.59-

1.39) 1.15) 1.16) 1.02) 1.1)

Donor/recipient 977 757 .925 .852 .868

sex match
Femaletomale  1(.6-1.7) 1.08 (.65— 1.02 (.69- 97 (7- 1.03 (.71~

1.8) 1.52) 1.34) 1.5)
Other Reference Reference Reference Reference Reference

Age (years) .014 .287 .002 .158 .002
50-59 Reference Reference Reference Reference Reference
>60 1.72 (1.1- 1.24 (.82- 1.65 (1.19- 1.2 (.93- 1.6 (1.18-

2.67) 1.88) 2.28) 1.55) 2.18)

Donor .004 .355 .057 526 .092
Related Reference Reference Reference Reference Reference
Nonrelated 1.81 (1.19- .81 (54— 1.35 (99— 92 (72— 1.29 (.96—

2.77) 1.22) 1.85) 1.19) 1.73)

Diagnosis .009 .104 .184 .225 421
AML Reference Reference Reference Reference Reference
MDS 1.75 (1.15- .68 (43— 1.24 (9- 1.18 (.9- 1.13(.83-

2.67) 1.08) 1.71) 1.53) 1.54)

HCT-CI .038 .168 121 .332 11
0 Reference Reference Reference Reference Reference
1-2 1.67 (.87- .58 (.33— 1.01 (.65- .83 (.59- 91 (.6-

3.2) 1.02) 1.57) 1.18) 1.39)
>3 2.07 (1.25- .83 (.58- 1.39 (95— 1.05 (.78- 1.3 (.91~
3.43) 1.19) 2.03) 1.42) 1.86)

DRI .872 <.001 <.001 <.001 <.001
Low/ Reference Reference Reference Reference Reference

intermediate
High .94 (54— 3.27 (2.15- 2.31 (1.64— 1.86 (1.39- 2.35 (1.7-

1.63) 4.96) 3.24) 2.5) 3.26)

HCT approach .106 .001 .285 <.001 13
CD34+ cell Reference Reference Reference Reference Reference

selection MAC
Unmodified .69 (45— 1.96 (1.3- 1.18 (.87- 3.4 (2.61- 1.26 (.93-

RIC 1.07) 2.94) 1.62) 4.43) 1.69)

HCT approach .089 .009 .084 <.001 .041

and HCT-CI
TCD and HCT-  Reference Reference Reference Reference Reference

Cl 0-2
TCDand HCT-  1.62 (.93- 1.42 (78— 1.65 (1.07- 1.56 (1.06— 1.67 (1.11-

Cl=3 2.81) 2.6) 2.53) 2.31) 2.51)

RIC and HCT- .81 (52— 2.4 (1.53- 1.46 (93— 4.01 (2.76- 1.57 (1.03-

Cl0-2 1.26) 3.77) 2.28) 5.83) 2.4)
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Patient and NRM Relapse os CRFS RFS
Grf]aﬁ - HR(95% P HR(95% P HR(95% P HR(95% P HR(95% P
Characteristic (e])) value CI) value CI) value CI) value CI) value
RICand HCT-  1.07 (.69- 2.33 (1.48- 1.74 (1.06- 4.92 (3.26- 1.81 (1.13-
Clz3 1.65) 3.66) 2.87) 7.43) 2.9)

Abbreviations: NRM, non-relapse mortality; OS, overall survival, CRFS Chronic GVHD-Free, Relapse-Free Survival; D/R, donor/recipient; HCT-

ClI, Hematopoietic Cell Transplantation Comorbidity Index; DRI, Disease-risk index; AML, acute myeloid leukemia.
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Table 4
Multivariate Analysis of Risk Factors for Transplantation Outcomes, All Patients
NRM Relapse oS CRFS RFS
Patient and Graft
Characteristic HR P HR P HR P HR P HR P
(95%Cl) value  (95%CI) value  (95%CI) value  (95%Cl) value  (95%Cl) value

Age (years) .047 222 .004 .025 .002
50-59 Reference Reference Reference Reference Reference
>60 1.57 (1.01- 1.31 (.85- 1.61(1.17- 1.34 (1.04- 1.62 (1.19-

2.45) 2.03) 2.24) 1.74) 2.2)

Donor .035 749 .056 .163 .071
Related Reference Reference Reference Reference Reference
Nonrelated 1.61 (1.03— .93 (.61- 1.38 (.99- 1.21 (.93- 1.33 (.98-

2.51) 1.43) 1.92) 1.57) 1.82)

Diagnosis .025 - -

AML Reference
MDS 1.62 (1.06—
2.48)

HCT-CI .084 - - - - - - - -
0 Reference
1-2 1.6 (.83-

3.09)
>3 1.89 (1.06—
3.38)

DRI - - <.001 <.001 <.001 <.001
Low/ Reference Reference Reference Reference

intermediate
High 3.3 (2.16- 2.28 (1.62— 1.98 (1.47- 2.34 (1.69-

5.15) 3.21) 2.66) 3.24)

HCT approach .62 .002 .056 <.001 .038
CD34+ cell- Reference Reference Reference Reference Reference

selected MAC
Unmodified .89 (.56- 1.95 (1.27- 1.38 (.99- 3.7 (2.8- 1.39 (1.02-

RIC 1.41) 2.98) 1.92) 4.88) 1.9)
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Table 5

Multivariate Analysis Model of Risk Factors for Transplantation Outcomes in All Patients, Including the
Merged Category of HCT Approach and Comorbidity Burden

Patient and Graft NRM Relapse oS CRFS RFS

Characteristic
HR P HR P HR P HR P HR P
(95%Cl) value (95%Cl) value (95%Cl) value (95%Cl) value (95%Cl) value

Age (years) .055 .225 .005 .025 .003
50-59 Reference Reference Reference Reference Reference
>60 1.54 (.99- 1.31 (.85— 1.6 (1.16— 1.34 (1.04- 1.61(1.18-

2.41) 2.03) 2.22) 1.74) 2.19)

Donor .036 .694 .066 .169 .081
Related Reference Reference Reference Reference Reference
Nonrelated 1.61 (1.03- .95 (.59- 1.37 (98- 1.2 (.92- 1.32 (97—

2.52) 1.41) 1.9) 1.57) 1.81)

Diagnosis .023
AML Reference
MDS 1.64 (1.07-

2.5)

DRI - - <.001 <.001 <.001 <.001
Low/ Reference Reference Reference Reference

intermediate
High 3.33 (2.15- 2.22 (1.58- 1.94 (1.44- 2.3 (1.65-

5.18) 3.14) 2.6) 3.19)

HCT approach and .270 .018 .087 <.001 .047

HCT-CI
TCD and HCT- Reference Reference Reference Reference Reference

Cl0-2
TCD and HCT- 1.57 (9- 1.32 (75— 1.49 (96— 1.53 (1.03- 1.53 (1.02-

Cl=3 2.75) 2.34) 2.29) 2.27) 2.3)

RIC and HCT- .95 (49— 2.35 (1.31- 1.66 (1.05— 4.44 (3.03- 1.71 (1.11-

Cl 0-2 1.85) 4.2) 2.63) 6.53) 2.66)

RIC and HCT- 1.21 (.59- 213 (1.12- 1.81 (1.09- 5.05 (3.3- 1.82
Cl=3 2.47) 4.04) 2.99) 7.71) (1.13-2.94)
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