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Abstract

Myeloablative (MAC) as compared to reduced-intensity conditioning (RIC) is generally associated
with lower relapse risk after allogeneic hematopoietic cell transplantation (HCT) for acute myeloid
leukemia (AML) and myelodysplastic syndromes (MDS). However, disease specific risk factors in
AML/MDS can further inform when MAC vs. RIC may yield differential outcomes. We analyzed
HCT outcomes stratified by the disease risk index (DRI) in 4387 adults (age 40-65 years) to
identify the impact of conditioning intensity. In the low/intermediate risk DRI cohort, RIC was
associated with lower non-relapse mortality (NRM) (HR=0.74, 95% CI 0.62-0.88; p<0.001), but
significantly higher relapse risk (HR=1.54, 95% CI 1.35-1.76; p<0.001) and thus inferior disease-
free survival (DFS) (HR=1.19, 95% CI 1.07-1.33; p=0.001). In the high/very high risk DRI
cohort, RIC resulted in marginally lower NRM (HR=0.83, 95% CI 0.68-1.00; p=0.051), and
significantly higher relapse risk (HR=1.23, 95% CI 1.08-1.41; p=0.002) leading to similar DFS
using either RIC or MAC.

These data support MAC over RIC as the preferred conditioning intensity for AML/MDS with
low/intermediate risk DRI, but similar benefit to RIC in high/very high risk DRI. Novel MAC
regimens with less toxicity could benefit all, but more potent anti-neoplastic approaches are
needed for the high/very high risk DRI group.

INTRODUCTION:

Allogeneic hematopoietic cell transplantation (HCT) is the only curative therapy for most
adults with acute myeloid leukemia (AML) and myelodysplastic syndromes (MDS). Since
HCT using conventional myeloablative conditioning (MAC) can be associated with higher
toxicity and mortality rates, reduced intensity conditioning (RIC) regimens have been
increasingly used in the past two decades for HCT in older and less fit patients with AML or
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MDS.12 A recent prospective randomized Blood and Marrow Transplant Clinical Trials
Network (BMT CTN) 0901 trial demonstrated significantly improved disease-free survival
(DFS) benefit with use of MAC compared with RIC for HCT in patients (age 18-65 years)
with AML and MDS.3 Long term follow-up of this trial showed also significantly longer
overall survival (OS) for MAC recipients.# In addition, retrospective analysis of AML
patients in this study demonstrated that OS benefit of MAC is observed in patients with
molecular MRD, but not in those who are MRD negative at transplant.> Although BMT
CTN 0901 study defined MAC as current standard of care for younger and fit patients with
AML, this trial eligibility was restricted only to patients with fewer comorbidities (HCT-CI
<4) and with <5% marrow myeloblasts at HCT. While some studies reported advantages of
using MAC over RIC in patients with AML and MDS,5-8 others observed similar outcomes
across cohorts of various age and comorbidities at HCT.®-16 Further confounding the choice
of conditioning intensity in this setting, several studies showed no advantage in using MAC
over RIC in patients receiving HCT for AML and MDS with high-risk cytogenetic
abnormalities.%10

Disease Risk Index (DRI) that considers the cytogenetic risk and the disease status at HCT
for AML and MDS has been identified as a strong independent predictor of OS in patients
receiving HCT for hematological malignancies.1’ Since high-risk cytogenetic abnormalities
and persistent leukemia before allograft are well-recognized independent prognostic factors
for relapse and treatment failure after HCT in AML and MDS,%18-23 we hypothesized that
the choice of conditioning intensity for HCT could be better informed by DRI applied at
HCT. Thus, we conducted this large Center for International Blood and Marrow Transplant
Research (CIBMTR) registry study to identify a preferred conditioning intensity choice for
low/intermediate risk vs. high/very high risk DRI groups in adults with AML and MDS
receiving HCT.

METHODS:

Data Source

The CIBMTR collects consecutive detailed HCT data from a volunteer network of >450
transplant centers worldwide. These patient data, including the information from yearly
longitudinal observation, are reported to a centralized statistical center of the CIBMTR
research headquarters located at the Medical College of Wisconsin and the National Marrow
Donor Program. The observational studies conducted by the CIBMTR meet the compliance
requirements of all applicable Federal regulations in order to protect all human research
subjects. The Medical College of Wisconsin Institutional Board and the Privacy Officer
granted a waiver of informed consent for this study that follows Health Insurance Portability
and Accountability Act regulations.

Patient Selection

Adult patients with AML or MDS who were 40—65 years old at their first HCT (2009-2015)
and thereby potentially eligible to receive either MAC or RIC were included in this analysis.
Peripheral blood, bone marrow and umbilical cord blood (UCB) graft sources and all related
(except identical twin) and unrelated donor (URD) types?* were included. We excluded data
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from embargoed centers and those patients who were missing conditioning intensity,
cytogenetic or pre-HCT disease status information, or their comprehensive research data or
informed consent forms. CIBMTR consensus criteria were used to define the conditioning
intensity.25 Cytogenetic risks of AML® and MDS26 were classified as previously reported
and considered for the revised DRI classification.1” For the purpose of this analysis, DRI
was stratified as low/intermediate risk and high/very high risk since the number of patients
receiving HCT for low risk DRI (n=157 with AML in CR with favorable cytogenetics) and
very high risk DRI (n=90 with advanced AML with adverse cytogenetics) were small. More
specifically, based on the revised DRI classification, low/intermediate risk DRI group
included the AML in CR with favorable or intermediate cytogenetics, low risk MDS defined
as <5% blasts (refractory anemia with or without ringed sideroblasts and refractory
cytopenia with multilineage dysplasia), or high-risk (refractory anemia with excess blasts 1
or 2) MDS with intermediate cytogenetics at early stage prior to HCT.17 High/very high risk
DRI group included the AML in CR with adverse cytogenetics, advanced stage (induction
failure or active relapse) AML regardless of cytogenetic risk, early stage high-risk MDS
with adverse cytogenetics, or advanced stage high-risk MDS with either intermediate or
adverse cytogenetics.1’

Study Endpoints

Clinical outcomes included non-relapse mortality (NRM), incidence of relapse, DFS and
OS. NRM was defined as the time from HCT to death of any cause without evidence of
AML or MDS relapse considering relapse as a competing event. Relapse was defined as
recurrence of AML or MDS after HCT, and death in remission was considered as a
competing event. DFS was defined as the time to AML or MDS relapse or death from any
cause, while OS was defined as the time from HCT to death from any cause. Surviving
patients were censored at time of last follow-up.

Statistical Analysis

In this observational retrospective study, Chi-square test for categorical variables and the
Wilcoxon two sample tests for continuous variables were used to compare patient, disease
and transplant related characteristics between conditioning intensity groups (MAC vs. RIC)
within low/intermediate risk DRI and high/very high risk DRI risk cohorts separately.
Cumulative incidence estimator was used to calculate probabilities of NRM and relapse
adjusting for competing risks. The Kaplan-Meier method was used to estimate DFS and OS
probabilities.2” Cox proportional hazards regression model was used to examine the
association between treatment groups and DFS and OS outcomes within low/intermediate
and high/very high risk DRI groups.28 We used the forward stepwise selection method to
build the regression model for the NRM, relapse, DFS and OS outcomes. Regardless of level
of significance, the conditioning intensity type (reference group; myeloablative) as the main
interest of this study was included in all steps of model building. The effect of the
conditioning intensity was assessed across low/intermediate and high/very high DRI
categories. The risk factors with a significance level of p<0.05 were retained in the model.
Any potential interaction between conditioning intensity and other significant covariates
were examined and further adjustment applied if the interactions were significant. The Cox
regression model was used to estimate adjusted DFS and OS probabilities, stratified by
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treatment groups, and weighted by the pooled sample proportion value for all significant risk
factors. These adjusted probabilities estimate likelihood of outcomes in populations that
have similar prognostic factors. All study analyses were performed by using SAS 9.4 (SAS
Institute, Inc., Cary, NC).

Patient Characteristics

We identified 4387 adult patients who received their first allogeneic HCT for AML (68%) or
MDS (32%) between 2009 and 2015 reported to CIBMTR. Patient and treatment
characteristics are summarized in Table 1. DRI was stratified as low/intermediate risk (1539
patients received MAC and 999 RIC) and high/very high risk (1121 MAC and 728 RIC).
Median age for the entire cohort was 56 years (range, 40-65) and the median follow-up of
survivors was 46 months (range, 2-102). Half of the study patients (49.9%) had HCT-CI 23
and 40.8% had Karnofsky performance score of <90%. The majority (64.2%) were CMV
seropositive. Disease status at HCT was first complete remission (CR1) in 58.5% and active
leukemia in 9.2% of patients with AML, and advanced MDS in 65.5% of patients. Well-
matched URD (40.0%) and HLA-identical sibling donor (MSD, 29.8%) were the
predominant donor types used for HCT. Graft source was most often filgrastim-mobilized
peripheral blood (75.2%), followed by UCB (13.6%) and bone marrow (11.2%). /n vivo T-
cell depletion with anti-thymocyte globulin (ATG) or Alemtuzumab was used in 26.7% of
patients as part of conditioning. GVHD prophylaxis was most often tacrolimus-based with
either methotrexate or mycophenolate mofetil (MMF, 76.3%).

Relapse and Non-Relapse Mortality

Adjusted 3-year probabilities of relapse were: 28% (95% CI 26-31) for MAC + low/
intermediate risk DRI; 40% (95% CI 37-43) for RIC + low/intermediate risk DRI; 47%
(95% CI 44-50) for MAC + high/very high risk DRI; and 52% (95% CI 48-56) for RIC +
high/very high risk DRI groups (total p <0.001) (Figure 1). Corresponding adjusted 3-year
probabilities of NRM were 25% (95% CI1 22-27) for MAC + low/intermediate risk DRI;
19% (95% CI 16-21) for RIC + low/intermediate risk DRI; 26% (95% CI 23-28) for MAC
+ high/very high risk DRI and 22% (95% CI 19-25) for RIC + high/very high risk DRI
groups (total p<0.001). In multiple regression analysis, in the low/intermediate risk DRI
cohort, RIC compared to MAC was associated with significantly higher risk of relapse
(HR=1.54, 95% CI 1.35-1.76; p<0.001), but lower risk of NRM (HR=0.74, 95% CI 0.62-
0.88; p<0.001) (Table 2). In high/very high risk DRI cohort, RIC also led to a significantly
higher risk of relapse (HR=1.23, 95% CI 1.08-1.41; p=0.002). However, in this cohort RIC
resulted only in marginally lower NRM (HR=0.83, 95% CI 0.68-1.00; p=0.051) compared
to MAC. We also examined the RIC and MAC cohorts separately and found that high/very
high risk DRI is associated with significantly higher risk of relapse in both RIC (HR=1.51,
95% CI1.31-1.74; p<0.001) and MAC (HR=1.89, 95% CI 1.67-2.13; p<0.001) cohorts
compared to low/intermediate risk DRI. However, NRM was not significantly influenced by
the DRI risk in either conditioning intensity group.
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Donor type was the only additional factor associated with risk of relapse. All donor types
except MSD led to lower relapse (p<0.001). Significantly higher NRM was observed with
increasing patient age (p<0.001), HCT-CI =3 (p<0.001), HCT performed 2009-2012

(p<0.001) and HCT using either matched or mismatched URD or UCB donors (p<0.001).

Disease-Free and Overall Survival

Adjusted 3-year probabilities of DFS were: 48% (95% CI 45-50) for MAC + low/
intermediate risk DRI; 42% (95% CI 38-45) for RIC + low/intermediate risk DRI; 27%
(95% CI 25-30) for MAC + high/very high risk DRI; and 26% (95% CI 23-29) for RIC +
high/very high risk DRI groups (total p <0.001). Corresponding adjusted 3-year probabilities
of OS were 53% (95% CI 51-56) for MAC + low/intermediate risk DRI; 51% (95% CI 48—
54) for RIC + low/intermediate risk DRI; 34% (95% CI 32-37) for MAC + high/very high
risk DRI and 34% (95% CI 31-38) for RIC + high/very high risk DRI groups (total p
<0.001). In multiple regression analysis, in the low/intermediate risk DRI cohort, RIC
resulted in statistically significantly worse DFS (HR=1.19, 95% CI 1.07-1.33; p=0.001), but
similar OS (HR=1.11, 95% CI 0.99-1.25; p=0.06) compared with MAC (Table 3). In high/
very high risk DRI cohort, however, RIC and MAC had similar DFS (HR=1.07, 95% ClI
0.96-1.19; p=0.24) and OS (HR=1.0, 95% CI 0.90-1.12; p=0.98). Importantly, high/very
high risk DRI compared to low/intermediate risk DRI was associated with significantly
worse DFS in both RIC (HR=1.63, 95% CI 1.45-1.83; p<0.001) and MAC (HR=1.82, 95%
Cl 1.65-2.00; p<0.001) cohorts. Similarly, OS in RIC (HR=1.60, 95% CI 1.42-1.80;
p<0.001) and MAC (HR=1.77, 95% CI 1.61-1.96; p<0.001) cohorts was also significantly
worse with high/very high risk DRI. Karnofsky score <90% (p<0.001), HCT-CI =3
(p<0.001), HCT performed 2009-2012 (p<0.02), the use of /n vivo T-cell depletion
(p=<0.005) and UCB donor for HCT (,0<0.004) were additional factors associated with
significantly worse DFS and OS. The use of <7/8 HLA-matched URD led to worse OS
(HR=1.26, 95% CI 1.09 — 1.45; p=0.001), but not DFS (HR=1.11, 95% CI 0.97-1.27;

0=0.14).

Relapse of the primary disease (AML or MDS) was the most common cause of death in all
groups, ranging from 22% after MAC in low/intermediate risk DRI cohort to 40% after RIC
in high/very high risk DRI cohort (Supplemental figure). GVHD followed by infection and
organ failure were the other common causes of death and were of similar frequency between
the 4 groups.

DISCUSSION:

In this large observational study of HCT outcomes stratified by DRI, we observed that in
adults with AML or MDS, relapse is significantly influenced by both DRI and conditioning
intensity. DRI risk modified the impact of the association between conditioning intensity and
DFS as MAC significantly improved DFS in low/intermediate DRI group, but not in the
high/very high risk group. While all AML patients with low/intermediate DRI were in CR
prior to HCT, 75% of AML patients with high/very high risk DRI had morphologically
persistent leukemia and therefore were less likely to benefit from additional chemotherapy
intensification. Consistent with previous CIBMTR report by Armand et al.,1” we observed a
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significant influence of DRI on OS in our study. However, the impact of conditioning
intensity on OS was not significant in either DRI risk cohorts.

Various prior studies report inconsistent findings about conditioning intensity, which fail to
clarify the decision-making for alloHCT in AML and MDS.3:7:9.10.1314.29 Thjg
inconsistency is likely due to the different methods used across these studies for pre-
transplant disease risk assessment. Thus, DRI, as the only validated prognostic tool available
for pre-HCT disease-risk assessment, can further inform the decision making in regards to
the conditioning intensity choice. While the BMT CTN 0901 randomized trial showed a
benefit of MAC over RIC in patients with AML or MDS, we observed similar results only in
low/intermediate risk DRI but not in high/very high risk DRI cohort.® The difference in
these findings can be explained by expected higher proportion of patients with low/
intermediate risk DRI (75% of AML patients) in BMT CTN 0901 study since trial
participation was limited to patients in morphological complete remission. In addition, while
BMT CTN 0901 trial only included patients with HCT-CI <4, our study had a high
proportion of patients with many comorbidities across all conditioning intensity and DRI
groups. Similarly, a DFS advantage with MAC over RIC was also reported in recent
European Group for Blood and Marrow Transplantation (EBMT) study in <50 years old
patients with AML in CR1 who had detectable MRD at transplant.2® In contrast, a large
EBMT analysis comparing MAC vs. RIC in 1555 patients with AML that included advanced
disease (29%) cases at HCT found conditioning intensity not affecting the DFS or OS,
despite RIC resulting in higher relapse risk in patients younger than 50 years of age (72% of
the study population).14 Similarly, no clinical outcome differences have been reported
between MAC and RIC in several prior multicenter or single institution retrospective studies
that included patients with AML and MDS who had either adverse risk cytogenetics or
advanced disease at HCT.2:10.13 These reported data in patients with high-risk AML and
MDS are consistent with our observation of MAC and RIC resulting in similar DFS and OS
in our high/very high risk DRI cohort.

Although we observed higher risk of primary disease relapse after RIC HCT which was the
leading cause of death, net DFS and OS outcomes were similar in high/very high risk DRI
cohort due to slightly lower relapse risk being offset by slightly higher NRM with use of
MAC. In contrast to our observation, one registry study reported relapse being not
significantly affected by conditioning intensity in patients receiving HCT for high-risk AML
with monosomal karyotype.1% However, that study also showed similar DFS and OS
outcomes between MAC and RIC despite higher observed NRM with MAC HCT. Another
large registry study by EBMT examining the effect of conditioning intensity in 40-60 years
old adults with AML reported similar DFS and OS in a setting of lower relapse and higher
NRM rates with MAC in both high and intermediate cytogenetic risk groups.® While this
EBMT report focused mainly on the cytogenetic risk, our study considered both the disease
status and cytogenetic risk as part of DRI in each individual patient, which can explain some
of the relapse and survival outcome differences seen between the studies. We thereby
conclude that MAC in general leads to modestly higher NRM, but often lower relapse risk
compared to RIC, particularly in patients with low/intermediate risk DRI or with detectable
MRD at transplant. However, in patients with high/very high risk DRI, where reduction in
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relapse incidence with MAC is less prominent, the higher NRM does not lead to overall
improvement in survival.

An inherent limitation in all retrospective studies, our analysis could not adjust for the
clinical decision-making factors (specific comorbidities, performance score, disease status,
genetic risk etc.) which prompted treating physicians to choose MAC or RIC for each
individual study patient. We were unable to adjust for factors such as molecular
abnormalities or MRD status that can also affect the risk of relapse and subsequent survival
after HCT.%6.29-36 However, since no widely used standardized methods for the high-
sensitivity quantification of residual disease burden prior to HCT are yet widely available for
AML(5), future studies could prospectively reexamine the role of conditioning intensity on
HCT outcomes where MRD status and molecular genetic risk are both considered. Novel
MAC or augmented anti-neoplastic regimens with a better safety profile could benefit
patients, particularly those with high/very high risk DRI at highest risk of relapse.
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Highlights:

1. MAC results in lower relapse and better DFS after HCT for AML/MDS with
low/intermediate risk DRI

2. MAC and RIC yield similar DFS and OS for AML/MDS with high/very high
risk DRI

Transplant Cell Ther. Author manuscript; available in PMC 2022 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Bejanyan et al.

Page 14
Non-relapse Mortality Relapse
2 Adjusted probabilities (95% CI) at 3 year Adjusted probabilities (95% CI) at 3 year
MAC + lowfintermediate DRI: 25 (22-27)% MAC + lowfintermediate DRI: 28 (26-31)%
RIC + lowlintermediate DRI: 19 (16-21)% RIC + lowfintermediate DRI: 40 (37-43)%
MAC + high/very high DRI: 26 (23-28)% MAC + high/very high DRI: 47 (44-50)%
08 - RIC + high/very high DRI: 22 (19-25)% RIC + high/very high DRI: 52 (48-56)%
06 -
04 -
0.2
P o p < 0.001
B 00
§ Disease-free Survival Overall Survival
e 104 Adjusted probabilities (95% CI) at 3 year Adjusted probabilities (95% ClI) at 3 year
MAC + lowiintermediate DRI: 48 (45-50)% MAC + lowiintermediate DRI: 53 (51-56)%
RIC + lowlintermediate DRI: 42 (38-45)% RIC + lowfintermediate DRI: 51 (48-54)%
MAC + high/very high DRI: 27 (25-30)% MAC + high/very high DRI: 34 (32-37)%
08 - RIC + high/very high DRI: 26 (23-29)% \\ RIC + high/very high DRI: 34 (31-38)%
\
06 -
04 -
0.2 1
p <0.001 p < 0.001
0.0 -
T T T T T T T T T T U
0 12 24 36 48 600 12 24 36 48 60
Months from HCT
MAC + lowintermediate DRI — — MAC + high/very high DRI
—— = — RIC + low/intermediate DRI = —— — RIC + high/very high DRI
Figure 1.

Adjusted clinical outcomes of AML and MDS HCT by DRI and conditioning intensity
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Patient and HCT Characteristics

Table 1.
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MAC and Low/

RIC and Low/

MAC and High/

RIC and High/

Variable Intermediate risk Intermediate risk Very High risk Very High Risk
Number of patients 1539 999 1121 728
Number of centers 100 105 100 95
Age at HCT, years
Median (range) 53 (40-65) 59 (40-65) 55 (40-65) 60 (40-65)
40-50 620 (40) 167 (17) 347 (31) 80 (11)
51-60 768 (50) 470 (47) 583 (52) 355 (49)
61-65 151 (10) 362 (36) 191 (17) 293 (40)
Recipient Sex
Male 781 (51) 553 (55) 639 (57) 426 (59)
Female 758 (49) 446 (45) 482 (43) 302 (41)
Karnofsky score
<90 525 (34) 398 (40) 498 (44) 367 (50)
290 991 (64) 588 (59) 594 (53) 357 (49)
Missing 23 (1) 13 (1) 29 (3) 4(<1)
HCT-CI
0 398 (26) 198 (20) 227 (20) 107 (15)
1 229 (15) 153 (15) 150 (13) 96 (13)
2 240 (16) 129 (13) 146 (13) 89 (12)
3 308 (20) 187 (19) 221 (20) 120 (16)
4 167 (11) 122 (12) 148 (13) 91 (13)
25 192 (12) 201 (20) 219 (20) 215 (30)
Missing 5(0) 9 (1) 10 (1) 10 (1)
Disease
AML 1294 (84) 800 (80) 606 (54) 285 (39)
MDS 245 (16) 199 (20) 515 (46) 443 (61)
Disease status prior to HCT for
AML
Primary induction failure 0 0 277 (25) 113 (16)
CR1 940 (61) 601 (60) 118 (11) 86 (12)
CR2 335 (22) 188 (19) 13 (1) 7 (<1)
>CR3 19 (1) 11 (1) 0 3(<1)
Relapse 0 0 198 (18) 76 (10)
Disease status prior to HCT for
MDS
MDS early 174 (11) 152 (15) 68 (6) 89 (12)
MDS advanced 71 (5) 47 (5) 447 (40) 354 (49)
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Variable

MAC and Low/
Intermediate risk

RIC and Low/
Intermediate risk

MAC and High/
Very High risk

RIC and High/
Very High Risk

WBC at diagnosis, (x 10"9) AML
only*

Median (range) 10 (<1-450) 7 (<1-428) 6 (<1-399) 5 (<1-375)
<10 602 (47) 403 (50) 347 (57) 172 (60)
11-100 437 (34) 240 (30) 163 (27) 69 (24)
> 100 127 (10) 62 (8) 40 (7) 18 (6)
Missing 128 (10) 95 (12) 56 (9) 26 (9)
Donor type
HLA-identical sibling 534 (35) 228 (23) 356 (32) 191 (26)
Other relative 71 (5) 113 (12) 62 (6) 68 (9)
Well-matched (8/8) unrelated 633 (41) 340 (34) 497 (44) 284 (39)
Unrelated (<7/8) and matching 133 (9) 87 (9) 114 (10) 78 (11)
unknown
Umhbilical cord blood 168 (11) 231 (23) 92 (8) 107 (15)
Donor/recipient sex match
Male-Male 501 (33) 355 (36) 407 (36) 266 (37)
Male-Female 436 (28) 251 (25) 310 (28) 170 (23)
Female-Male 276 (18) 194 (19) 232 (21) 155 (21)
Female-Female 320 (21) 186 (19) 171 (15) 130 (18)
Missing 6 (<1) 13 (1) 1(<1) 7(<1)
Donor/Recipient CMV serostatus
Recipient + 986 (64) 642 (64) 716 (64) 472 (65)
Recipient —/Donor — 354 (23) 210 (21) 277 (25) 173 (24)
Other 199 (13) 147 (15) 128 (11) 83 (11)
Conditioning regimen
TBI/Cy + Flu 382 (25) 259 (26) 211 (19) 125 (17)
TBI/Other 68 (4) 71(7) 59 (4) 82 (11)
Bu/Cy 476 (31) - 345 (31) -
Bu/Flu+TT 531 (34) 358 (36) 422 (37) 252 (35)
Flu/Mel = TT 24 (2) 271 (27) 21(2) 233 (32)
Other 58 (3) 40 (4) 63 (5) 36 (3)
ATG/Alemtuzumab
Yes 344 (22) 322 (32) 259 (23) 247 (34)
No 1191 (77) 673 (67) 862 (77) 481 (66)
Missing 4 (<1) 4(<1) 0 0
GVHD prophylaxis
TCD/CD34 selected 41 (3) 35 (4) 20 (2) 26 (4)
Tac + MMF/MTX +/- others 1250 (81) 653 (65) 940 (84) 505 (69)
CSA + MMF/MTX +/- others 187 (12) 194 (19) 105 (9) 116 (16)
PT-Cy + others 37(2) 75 (8) 46 (4) 48 (7)
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MAC and Low/ RIC and Low/ MAC and High/ RIC and High/
Variable Intermediate risk Intermediate risk Very High risk Very High Risk
Others/Missing 24 (2) 42 (4) 10 (<1) 33(5)
Graft source
Bone marrow 181 (12) 105 (11) 132 (12) 73 (10)
Peripheral blood 1190 (77) 663 (66) 897 (80) 548 (75)
Umbilical cord blood 168 (11) 231 (23) 92 (8) 107 (15)
Year of transplant
2009-2012 893(58) 415 (42) 610 (54) 290 (39)
2013-2015 646 (42) 584 (59) 511 (46) 438 (61)
Median follow-up of survivors 50 (4-98) 37 (3-103) 47 (3-98) 38 (1-97)

(range), months

HR, hazard ratio. RIC, reduced-intensity conditioning. MAC, myeloablative conditioning. L/I, low/intermediate risk disease risk index (DRI).
High-risk, high/very high risk DRI. HCT-CI, hematopoietic cell transplant comorbidity index.
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Multivariable Analysis of Relapse and Non-Relapse Mortality

Page 18

Relapse Non-Relapse Mortality

Variables Number

HR (95% CI) P value HR (95% CI) P value
Main effect <0.001 <0.001
RIC-L/I-Risk vs MAC-L/I-Risk: 999/1539 1.54 (1.35-1.76) | <0.001 | 0.74 (0.62-0.88) | <0.001
RIC-High-Risk vs MAC-High-Risk: 728/1121 | 1.23(1.08-1.41) | 0.0019 0.83(0.68-1.00) 0.0510
MAC-High-Risk vs MAC-L/I-Risk: 1121/1539 | 1.89(1.67-2.13) | <0.001 | 1.06 (0.91-1.24) 0.453
RIC-High-Risk vs RIC-L/I-Risk: 728/999 1.51 (1.31-1.74) | <0.001 1.18(0.97-1.44) 0.0966
Age, years 0.0002
40-50 1214 - - 1.00
51-60 2176 - - 1.24 (1.07-1.44) | 0.0040
61-65 997 - - 1.45(1.21-1.75) | <0.001
Donor <0.001 <.0001
HLA identical Sibling 1309 1.00 1.00
Mismatched relative (=7/8) / Other relatives (missing HLA) 314 0.81 (0.67-0.98) 0.027 1.24 (0.93-1.65) 0.14
Matched unrelated donor (8/8) 1754 0.79 (0.70-0.88) | <0.001 | 1.41(1.21-1.65) | <0.001
Unrelated (<7/8) and matching unknown 412 0.74 (0.62-0.88) | <0.001 | 2.02(1.64-2.49) | <0.001
Umbilical cord blood 598 0.76 (0.65-0.89) | <0.001 | 2.18(1.79-2.64) | <0.001
HCT-CI <.0001
0 930 - - 1.00
1 628 - - 1.02 (0.82-1.26) 0.87
2 604 - - 1.06 (0.86-1.31) 0.60
>3 2191 - - 1.34 (1.15-1.57) | <0.001
Missing 34 - - 0.66 (0.29-1.48) | 0.31
Year of Transplant <.0001
2009-2012 2208 - - 1.35(1.20-1.53) | <0.001
2013-2015 2179 - - 1.00

HR, hazard ratio. RIC, reduced-intensity conditioning. MAC, myeloablative conditioning. L/I, low/intermediate risk disease risk index (DRI).
High-risk, high/very high risk DRI. HCT-CI, hematopoietic cell transplant comorbidity index.

Transplant Cell Ther. Author manuscript; available in PMC 2022 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Bejanyan et al.

Table 3:

Multivariable Analysis of Disease-Free and Overall Survival
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Disease-Free Survival

Overall Survival

Variables Number HR 95% CI) P value HR (95%Cl) P value
Main effect <0.001 <0.001
RIC-L/I-Risk vs MAC-L/I-Risk: 999/1539 1.19 (1.07-1.33) 0.0012 1.11(0.99-1.25) | 0.0611
RIC-High-Risk vs MAC-High-Risk: 728/1121 | 1.07 (0.96-1.19) 0.240 1.00 (0.90-1.12) 0.978
MAC-High-Risk vs MAC-L/I-Risk: 1121/1539 | 1.82(1.65-2.00) | <0.001 | 1.77(1.61-1.96) | <0.001
RIC-High-Risk vs RIC-L/I-Risk: 728/999 1.63(1.45-1.83) | <0.001 | 1.60(1.42-1.80) | <0.001
Donor 0.0041 <.0001
HLA identical Sibling 1309 1.00 1.00

Mismatched relative (=7/8) / Other relatives (missing HLA) 314 0.96 (0.80-1.17) 0.70 0.98 (0.83-1.17) 0.85
Matched unrelated donor (8/8) 1754 0.96 (0.88-1.06) 0.44 0.99 (0.90-1.10) 0.91
Unrelated (<7/8) and matching unknown 412 1.11 (0.97-1.27) 0.14 1.26 (1.09-1.45) | 0.0014
Umbilical cord blood 598 1.20 (1.06-1.37) | 0.0041 | 1.49(1.32-1.69) | <0.001
Karnofsky Score <.0001 <.0001
<90 1788 1.00 1.00

>90 2530 0.79 (0.74-0.86) | <0.001 | 0.76 (0.70-0.82) | <0.001
Missing 69 0.97 (0.73-1.29) | 0.83 | 1.08(0.81-1.45) | 059
HCT-CI <.0001 <.0001
0 930 1.00 1.00

1 628 1.08 (0.95-1.23) 0.25 1.09 (0.95-1.25) 0.20
2 604 1.07 (0.94-1.22) 0.28 1.14 (0.99-1.30) 0.065
>3 2191 1.24 (1.13-1.37) | <0.001 | 1.35(1.22-1.50) | <0.001
Missing 34 1.40 (0.87-2.23) | 017 | 1.21(0.80-1.83) | 0.36
GVHD prophylaxis 0.0157

TCD/CD34 122 1.00 - -
Tac + MMF/MTX +/- others 3348 0.95 (0.76-1.20) 0.67 - -
CSA + MMF/MTX +/- others 602 1.15 (0.90-1.46) 0.26 - -
Post-cy + others 206 1.02 (0.76-1.38) 0.88 - -
Others/Missing 109 1.15 (0.84-1.57) 0.39 - -
ATG/Alemtuzumab 0.0011 0.0053
Yes 1172 1.00 1.00

No 3207 0.86 (0.79-0.94) | <0.001 | 0.88(0.80-0.96) | 0.0049
Missing 8 0.36 (0.11-1.15) | 0.085 | 0.30(0.07-1.19) | 0.086
Year of transplant 0.0204 0.0003
2013-2015 2179 1.00 1.00

2009-2012 2208 1.10 (1.01-1.18) 0.020 1.16 (1.07-1.26) | <0.001

GVHD, graft-versus-host disease. IPS, idiopathic pulmonary syndrome. ARDS, acute respiratory distress syndrome.
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