1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Transplant Cell Ther. Author manuscript; available in PMC 2023 February 01.

Published in final edited form as:
Transplant Cell Ther. 2022 February ; 28(2): 109.e1-109.e8. doi:10.1016/j.jtct.2021.11.002.

Umbilical cord blood or HLA-haploidentical transplantation: Real
world outcomes vs randomized trial outcomes

Paul V. O’Donnelll, Claudio G. Brunstein2, Ephraim J. Fuchs3, Mei-Jie Zhang*, Mariam
Allbee-Johnson®, Joseph H. Antin®, Eric S. Leifer’, Hany Elmariah8, Michael R. Grunwald®,
Hamza Hashmil0, Mary M. Horowitz®, John M. Magenaull, Navneet Majhaill2, Filippo
Milanol3, Lawrence E. Morris4, Andrew R. Rezvanil®, Joseph P. McGuirk!®, Richard J.
Jones3, Mary Eapenl’

IHematopoietic Cell Transplant and Cell Therapy Program, Massachusetts General Hospital,
Boston, MA

2Division of Hematology, Oncology and Transplantation, University of Minnesota, Minneapolis, MN
3Sidney Kimmel Comprehensive Cancer Center, Johns Hopkins University, Baltimore, MD

4Division of Biostatistics, Institute for Health and Equity, Medical College of Wisconsin,
Milwaukee, WI

5Center for International Blood and Marrow Transplant Research, Department of Medicine,
Medical College of Wisconsin, Milwaukee, WI

5Department of Hematology/Oncology, Dana-Farber Cancer Institute, Boston, MA

"Office of Biostatistics Research, National Heart Lung and Blood Institute, National Institutes of
Health, Rockville, MD

8Department of Blood and Marrow Transplant and Cellular Immunotherapy, H. Lee Moffitt Cancer
Center, Tampa, FL

9Department of Hematologic Oncology and Blood Disorders, Atrium Health Levine Cancer
Center, Charlotte, NC

Address correspondence: Paul V. O’Donnell, MD, PhD, Hematopoietic Cell Transplant and Cell Therapy Program, Massachusetts
General Hospital, 55 Fruit Steet, Boston, MA 02114. pvodonnell@mgh.harvard.edu.

AUTHOR CONTRIBUTION

PVO, CB, EJF, MJZ and ME designed research

Performed research: all authors

Collected data: all authors

Statistical analysis: MA-J and MJZ

Data interpretation: all authors

Manuscript writing: PVO wrote the manuscript, which was critically reviewed and approved by all authors

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.

CONFLICT OF INTEREST DISCLOUSRE

M.R.G has received consulting fees from AbbVie, Agnios, Amgen, Astellas, Cardinal Health, Bristol-Myers Squibb/Celgene, Daiichi
Sankyo, Gilead, Incyte, Karius, Merck, Pfizer, Premier, Stemline and Trovagene and research funding from Forma Therapeutics,
Genentech/Roche, Incyte and Janssen. The remaining authors declare no competing financial interests.

DATA SHARING
https://www.cibmtr.org/ReferenceCenter/PubList/PubDsDownload/Pages/default.aspx


https://www.cibmtr.org/ReferenceCenter/PubList/PubDsDownload/Pages/default.aspx

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

O’Donnell et al.

10Division of Hematology Oncology, Medical University of South Carolina, Charleston, SC

Division of Hematology and Oncology, Department of Internal Medicine, University of Michigan
Medical School, Ann Arbor, MI

12Blood and Marrow Transplant Program, Cleveland Clinic Taussig Cancer Institute, Cleveland,
OH

13Adult Blood and Marrow Transplant Program, Fred Hutchinson Cancer Research Center,
Seattle, WA

14Blood and Marrow Transplant Program, Blood and Marrow Transplant Group of Georgia,
Northside Hospital, Atlanta, GA

15Division of Blood and Marrow Transplantation, Department of Medicine, Stanford University
Medical Center, Stanford, CA

6pjvision of Hematology, University Kansas, Westwood, KS

17Division of Hematology/Oncology, Department of Medicine, Medical College of Wisconsin,
Milwaukee, WI

Abstract

Background: Randomized clinical trials offer the highest quality data for modifying clinical
practice. Results of a phase 111 randomized trial of non-myeloablative transplantation for adults
with high-risk hematologic malignancies with two umbilical cord blood (UCB) units (n=183)

or HLA-haploidentical relative bone marrow (Haplo-BM) (n=154) revealed 2-year progression-
free survival (PFS) of 41% and 35% after Haplo-BM and two-unit UCB transplantation,
respectively (p=0.41); overall survival was 57% and 46%, respectively (p=0.04), BMT CTN 1101;
NCTO01597778.

Objectives: We sought to examine the generalizability of BMT CTN 1101 to a contemporaneous
cohort beyond the trial’s pre-specified 2-year outcomes. All transplantation occurred between June
2012 and June 2018 in the United States. We hypothesized that the results of a rigorous phase 1lI
randomized trial will be generalizable. Changes in graft selection for HLA-haploidentical relative
transplantation during the trial period allowed comparison of outcomes after transplantation with
Haplo-BM to those after haploidentical peripheral blood (Haplo-PB).

Study Design: The trial’s broad eligibility criteria were applied to the data source of the Center
for International Blood and Marrow Transplant Research to select non-trial subjects. Extended
follow up of trial subjects was obtained from this data source. Three separate analyses were
performed: 1) trial subjects beyond the trial’s 2-year endpoint 2) comparison of trial subjects to a
contemporaneous cohort of non-trial subjects (195 two-unit UCB, 358 Haplo-BM, 403 Haplo-PB)
and 3) comparison of non-trial subjects by donor and graft type. Multivariate analyses were
performed using Cox proportional hazards models for comparison of outcomes by treatment
groups.

Results: With longer follow up of the trial cohorts, 5-year PFS (37% versus 29%, p=0.08) and
overall survival (42% versus 36%, p=0.06) were not significantly different between treatment
groups. We then compared the trial results to comparable real-world transplantations. Five-year
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overall survival after trial and non-trial two-unit UCB (36% versus 41%, p=0.48) and trial and
non-trial Haplo-BM (42% versus 47%, p=0.80) transplantation were not different confirming
generalizability. The randomized trial did not accrue as planned and therefore lacked the statistical
power to detect a 15% difference in progression-free survival. With substantially larger numbers
of non-trial Haplo-BM transplantations, 5-year survival was higher after non-trial Haplo-BM
compared to trial two-unit UCB (47% versus 36%, p=0.012). Non-trial patients who received
Haplo-PB transplantation had higher 5-year survival (54%) compared to trial (HR 0.76, p=0.044)
and non-trial (HR 0.78, p=0.026) Haplo-BM. Similarly, survival was higher after Haplo-PB
compared to trial (HR 0.57, p<0.0001) and non-trial UCB (HR 0.63, p=0.0002).

Conclusion: When considering alternative donor low intensity conditioning regimen
transplantation, a haploidentical relative is preferred. Further, PB is the preferred graft.

Graphical Abstract
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INTRODUCTION

Randomized clinical trials (RCT) with their unbiased allocation of subjects to treatment
arms offer the highest quality data for modifying clinical practice.l A key metric of

an RCT is its generalizability, i.e., whether the results are confirmed among patients

who meet the trial’s eligibility criteria and treated as per the clinical trial during the

trial period. Generalizability of these trials to the general population meet an important
quality indicator specified by the CONSORT Statement.? The Blood and Marrow Transplant
Clinical Trials Network (BMT CTN) published the results of a phase Il randomized trial

of non-myeloablative conditioning and transplantation of either two umbilical cord blood

Transplant Cell Ther. Author manuscript; available in PMC 2023 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

O’Donnell et al.

Page 4

(UCB) units or HLA-haploidentical bone marrow (Haplo-BM) for adults with high-risk
hematologic malignancies (BMT CTN 1101; NCT01597778).3 That trial,3 which was open
from June 2012 through June 2018, enrolled 368 patients and 325 patients received their
assigned treatment. Analysis by intent-to-treat did not show a significant difference in 2-year
progression-free survival between treatment arms (41% and 35% after Haplo-BM and UCB
transplantation, respectively, p=0.409).3 However, the trial did not complete accrual which
may have impacted its ability to detect a significant difference. Differences were seen in pre-
specified secondary endpoints. Two-year non-relapse mortality was lower (11% vs. 18%,
p=0.039) and overall survival was higher (57% vs. 46%, p=0.037) after Haplo-BM.3 The
2-year incidence of relapse/progression did not differ between treatment groups (p=0.968).3

A review of two-unit UCB and Haplo-BM transplants that met the broad eligibility criteria
for the randomized trial and its conditioning regimen and graft-versus-host disease (GVHD)
prophylaxis reported to the Center for International Blood and Marrow Transplant Research
(CIBMTR) during the trial period identified 195 two-unit UCB, 358 Haplo-BM and

403 Haplo-peripheral blood (PB) transplantations in the United States. In this report, we
compare the results of BMT CTN 1101 to contemporaneous cohorts of patients transplanted
in the United States. We also compared outcomes between non-trial contemporaneous two-
unit UCB and non-trial Haplo-BM and Haplo-PB during the trial period.

METHODS

Patients

Data were obtained from the CIBMTR, a working group of transplant centers that submit
data on standardized reporting forms with patients followed longitudinally. Included in

the current analyses are patients transplanted on BMT CTN 1101 (N=183 two-unit UCB
and 154 Haplo-BM) and contemporaneous cohorts of patients (N=195 two-unit UCB,
N=358 Haplo-BM and N=403 Haplo-PB) who met the eligibility criteria for BMT CTN
1101 but were not enrolled on the trial (Supplemental Figure 1). Eligible patients were

aged 18 to 70 years and had high-risk acute leukemia (first complete remission that is

not considered favorable risk and second or subsequent complete remission), biphenotypic
leukemia in first or subsequent complete remission, Hodgkin or non-Hodgkin in lymphoma
in complete or partial remission (failed at least 1 prior regimen of multi-agent chemotherapy
and ineligible for autologous transplantation by treating physician), performance score
70-100 and adequate organ function. The transplant conditioning regimen for two-unit UCB
transplants was cyclophosphamide 50 mg/kg, fludarabine 200 mg/m2, TBI 200 cGy and
GVHD prophylaxis was cyclosporine and mycophenolate mofetil. UCB recipients were
allowed to receive TBI 300 cGy (single fraction in lieu of 200 cGy) if they had not

received cytotoxic chemotherapy within 3 months of enrollment or an auto HSCT within 24
months of enrollment (N=18). The transplant conditioning regimen for Haplo-BM or Haplo-
PB transplants was cyclophosphamide 29 mg/kg, fludarabine 150 mg/m2, TBI 200 cGy

and GVHD prophylaxis was 120 mg/kg cyclophosphamide, tacrolimus and mycophenolate
mofetil. Patients enrolled on BMT CTN 1101 were transplanted at 33 centers in the United
States. The contemporaneous cohorts were transplanted at 91 centers in the United States
including 32 centers that enrolled patients on BMT CTN 1101. The contemporaneous
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cohorts were also transplanted between June 2012 through June 2018. Patients provided
written informed consent and the Institutional Review Board of the National Marrow Donor
Program study approved the study. The decision to enroll on the trial or the decision to offer
trial-regimen for the non-trial cohort was at the discretion of the transplant centers and their
treating physicians and patients.

Progression-free survival was the primary end point and was defined as survival without
relapse or progression. Progression or relapse was defined as progressive disease or
recurrence after a complete remission; death without relapse or progression was the
competing risk. Non-relapse mortality was defined as death from any cause without relapse
or progression; relapse or progression was the competing risk. Surviving patients were
censored at last follow-up and death from any cause was considered an event.

Statistical Analysis

RESULTS

The characteristics of patients and their disease enrolled on BMT CTN 1101 and
contemporaneous two-unit UCB, Haplo-BM and Haplo-PB transplants are shown in Table 1.
Characteristics were compared using the Chi-square statistic for categorical variables and the
Wilcoxon test for continuous variables. Three separate analyses were performed: 1) patients
on BMT CTN 1101 as they were treated were followed beyond the trial’s 2-year endpoint 2)
comparison of patients on BMT CTN 1101 to a contemporaneous cohort (non-trial two-unit
UCB, Haplo-BM and Haplo-PB transplants during the trial period but were not enrolled on
the trial) and 3) comparison of non-trial two-unit UCB to non-trial Haplo-BM and Haplo-PB
transplants. Multivariate analyses were performed using Cox proportional hazards models
for comparison of outcomes by treatment groups.* Multivariate models were adjusted for
age, sex, race, performance score, HCT co-morbidity score, cytomegalovirus serostatus,
disease and disease risk index. A stepwise model building approach was adopted, and
variables that attained a p-value <0.05 were retained in the final model with the exception of
the variable for treatment group (donor type) which was held in the final model regardless of
its level of significance. The probabilities of progression-free survival, non-relapse mortality,
relapse and overall survival were calculated from the final Cox model.> An effect of
transplant center effect on survival was tested using the frailty and random effect model .67
All p-values are two-sided and analyses were done using SAS version 9:4 (Cary, NC).

Patient and Disease Characteristics

Patient and disease characteristics for the trial and non-trial patients are shown in Table 1.
Racial and ethnic diversity between trial and non-trial patients enrolled were similar and
mirror the racial and ethnic diversity of the U.S. population. Trial and non-trial patients
received the trial specified conditioning regimen and graft-versus-host disease prophylaxis
specific to umbilical cord blood or haploidentical transplants. The characteristics of two-unit
UCB trial and non-trial UCB patients were similar except that, non-trial patients were more
likely to have co-morbidity score =3 (40% versus 55%, p=0.003), more likely to have

acute myeloid leukemia (52% versus 67%, p=0.0004) and intermediate disease risk index
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(67% versus 83%, p=0.010). Non-trial two-unit UCB transplantations had a longer median
follow-up of 58 months compared to 48 months for two-unit trial transplantations. The
characteristics of Haplo-BM trial and non-trial haplo-BM recipients were similar except,
non-trial recipients were more likely to have performance score 90 or 100 (63% versus 72%,
p=0.041) and less likely to have acute myeloid leukemia (56% versus 44%, p=0.008). Also
included in the current analysis are patients who received PB grafts from a haploidentical
relative (Haplo-PB) since the use of PB grafts gained widespread acceptance during the
trial period. The characteristics of Haplo-BM trial and non-trial haplo-PB recipients were
similar except haplo-PB recipients were less likely to have performance score 90 or 100
(63% versus 52%, p=0.016). The median follow-ups of haplo-BM trial and non-trial
transplantations were 47 and 48 months, respectively. The median follow-up of Haplo-PB
transplantations was 36 months.

Extended follow-up of clinical trial participants

Table 2, Figure 1A-D shows the comparison of two-unit UCB to Haplo-BM for trial
participants. Progression-free and overall survival did not differ between transplantation

of two-unit UCB compared to Haplo-BM although there was a trend favoring Haplo-BM.
However, median progression-free and overall survival after Haplo-BM transplants (20
months, 95% CI 12 — 29 months and 43 months, 95% CI 25 — 62 months, respectively) were
twice the median progression-free and overall survival after two-unit UCB transplants (10
months, 95% CI 7 — 13 months and 22 months, 95% CI 15 — 36 months, respectively, Figure
1 C and D). Other factors associated with death, relapse or progression were age =50 years,
hematopoietic comorbidity score =3, transplantation in 3™ complete remission and follicular
lymphoma. Consistent with the primary results of the trial, the risk of non-relapse mortality
was higher after transplantation of two-unit UCB compared to Haplo-BM (HR 2.69, 95% CI
1.43-5.04, p=0.002). Relapse/progression risks did not differ by donor type.

Comparing real-world versus clinical trial data

Trial two-unit UCB—Outcomes of patients on trial who received two-unit UCB
transplantation compared to non-trial two-unit UCB, non-trial Haplo-BM and non-trial
Haplo-PB transplantations are presented in Table 3, Figure 2A-D. Compared to trial patients
receiving two-unit UCB transplantations, there were no differences in risk for non-relapse
mortality, relapse/progression, progression-free and overall survival for non-trial patients
receiving two-unit UCB transplantations. Consistent with the trial’s primary results, non-
relapse mortality was higher and progression-free and overall survival were lower for trial
patients transplanted on the two-unit UCB arm compared to non-trial patients receiving
Haplo-BM and Haplo-PB transplantations. Additionally, relapse was higher for trial patients
receiving two-unit UCB compared to non-trial Haplo-PB transplantations.

Trial Haplo-BM—OQutcomes of patients on trial who received Haplo-BM transplantation
compared to non-trial two-unit UCB, non-trial Haplo-BM and non-trial Haplo-PB
transplantations are presented in Table 4, Figure 3A-D. Compared to patients on the

trial Haplo-BM arm, non-relapse mortality was higher after non-trial two-unit UCB
transplantation. However, there were no differences in relapse/progression, progression-
free and overall survival. There were no differences in non-relapse mortality, relapse/
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progression, progression-free and overall survival between trial Haplo-BM and non-trial
Haplo-BM transplantations. Non-trial patients who received Haplo-PB transplantation had
lower relapse/progression risk and higher progression-free and overall survival compared to
trial Haplo-BM. Risk for non-relapse mortality was not different between trial Haplo-BM
and non-trial Haplo-PB.

Non-trial two-unit UCB, non-trial Haplo-BM and non-trial Haplo-PB

The generalizability of the results of the phase 111 randomized trial was examined in a
comparison of non-trial transplantations during the trial period. Our observations were
consistent with the results of the trial (Table 2). Compared to non-trial two-unit UCB
transplantation non-relapse mortality was lower with non-trial Haplo-BM (HR 0.64, 95%
Cl 0.42 - 0.96, p=0.033) but risks for relapse/progression (HR 1.01, 95% CI 0.84 — 1.29,
p=0.97), progression-free (HR 0.89, 95% CI1 0.72 — 1.11, p=0.31) and overall survival (HR
0.81, 95% CI 0.63 — 1.03, p=0.08) were not different between treatment groups. Comparison
of non-trial two-unit UCB to Haplo-PB transplantation showed lower risks for non-relapse
mortality (HR 0.60, 95% CI 0.40 — 0.88, p=0.011) and relapse/progression (HR 0.72, 95%
Cl 0.56 — 0.94, p=0.018) and higher progression-free (HR 0.69, 95% CI 0.55 - 0.86,
p=0.001) and overall survival (HR 0.63, 95% CI 0.50-0.81, p=0.0002) after Haplo-PB
transplantation. Comparison of non-trial Haplo-BM to Haplo-PB transplantation did not

a difference in non-relapse mortality (HR 0.93, 95% CI 0.65 — 1.35, p=0.71). However,
compared to Haplo-BM, relapse/progression (HR 0.72, 95% CI1 0.57 — 0.90, p=0.004) was
lower and progression-free (HR 0.76, 95% CI 0.64 — 0.93, p=0.009) and overall survival
(HR 0.78, 95% CI 0.63 — 0.97, p=0.027) were higher after Haplo-PB transplantation.

Other factors associated with transplant outcomes

In studying the effect of donor type on transplantation outcomes we also examined for
patient and disease characteristics that may be associated with outcomes. Patients aged

>50 years (HR 2.41, 95% CI 1.69 — 3.43, p<0.0001), hematopoietic co-morbidity score >3
(HR 1.79, 95% CI 1.36 — 2.37, p<0.0001) and transplantation in 3™ complete remission

(HR 2.39, 95% CI 1.68 — 3.39, p<0.0001) were associated with higher risk for non-relapse
mortality. Relapse was higher for patients with leukemia transplanted in 2" (HR 1.26,

95% CI 1.01 — 1.57, p=0.041) and 3" (HR 2.72, 95% CI 1.48 — 4.98, p=0.001) complete
remission compared to those transplanted in 15t complete remission. Patients with lymphoma
in complete remission (HR 0.52, 95% CI 0.38 — 0.70, p<0.0001) and with follicular
lymphoma (HR 0.19, 95% CI 0.08 — 0.47, p=0.0003) had lower risk for relapse compared

to those transplanted in 15t complete remission for leukemia. Progression-free survival was
lower for patients aged =50 years (HR 1.25, 95% CI 1.07 — 1.48, p=0.0061), hematopoietic
co-morbidity score =3 (HR 1.21, 95% CI 1.05 — 1.39, p=0.010) and transplantation in 3'd
complete remission (HR 2.91, 95% CI 1.64 — 5.16, p=0.0002). Patients with follicular
lymphoma had higher progression-free survival compared to those transplanted in 15t
complete remission for leukemia (HR 0.43, 95% CI 0.25 — 0.73, p=0.002). Similarly, overall
survival was lower for patients aged =50 years (HR 1.57, 95% CI 1.30 — 1.88, p<0.0001),
hematopoietic co-morbidity score =3 (HR 1.38, 95% CI 1.18 — 1.62, p<0.0001) and
transplantation in 3"d complete remission (HR 3.02, 95% CI 1.62 — 5.64, p=0.0005). Patients
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with follicular lymphoma had higher overall survival compared to those transplanted in 15t
complete remission for leukemia (HR 0.45, 95% CI 0.25 — 0.82, p=0.009).

DISCUSSION

The main findings of the current analyses were two-fold. First, follow-up of trial participants
beyond 2-years post-transplantation confirmed higher non-relapse mortality but without a
clear advantage for progression-free and overall survival after two-unit UCB transplantation
compared Haplo-BM. A marginal survival advantage with Haplo-BM transplantation that
was observed 2-years after randomization did not persist with longer follow-up. The clinical
trial did not complete accrual as planned.3 Consequently, the trial cohort was not powered

to detect the expected 10% in progression-free survival. An absolute 8% difference in 5-year
progression-free survival and overlapping confidence intervals as a result of the limited
sample size yielded a significance level of 0.08. Nonetheless, median progression-free and
overall survival after trial Haplo-BM transplants was two-fold greater than trial two-unit
UCB transplants which is significant clinically. Second, a comparison of outcomes of

trial and non-trial participants and another comparison amongst the non-trial participants
demonstrated generalizability of the findings of the clinical trial. Comparison of trial
two-unit UCB to non-trial Haplo-BM demonstrated higher progression-free and overall
survival 5-years after Haplo-BM transplantation. The inclusion of 358 non-trial recipients
of haplo-BM transplants has statistical power to detect a clinically meaningful difference

of 10%. A comparison of trial Haplo-BM to non-trial two-unit UCB did not show a
significant difference in progression-free or overall survival. A lack of significant difference
is explained by the relatively modest numbers of non-trial two-unit UCB (N=195) and trial
Haplo-BM recipients (N=154). The clinical trial did not complete accrual as planned and
UCB transplants have declined substantially in the real-world limiting sample size.8 It is of
interest that during the study period the proportion of patients on trial who received two-unit
UCB was approximately half of all two-unit UCB transplants in the U.S. for the trial’s
inclusion criteria. On the other hand, only a third of recipients of Haplo-BM transplants
were on trial. We could not find a significant effect of transplant center on progression-free
or overall survival for either donor type. It is noteworthy that the ethnic diversity of the trial
and non-trial participants was an accurate reflection of ethnic diversity within the general
U.S. population which makes this study truly representative. This is contrary to other reports
that have observed fewer racial/ethnic minority representation on trials® and likely due to the
inclusion of patients from all ethnicities in both the trial and non-trial cohorts who do not
have HLA-matched donors.

During the course of the trial there was increasing use of PB for Haplo-transplantation.®

A comparison of outcomes of trial two-unit UCB to non-trial Haplo-PB confirmed higher
non-relapse mortality and lower progression-free and overall survival after both trial and
non-trial two-unit UCB transplants. A comparison of trial Haplo-BM to non-trial Haplo-PB
also showed an advantage for progression-free and overall survival after Haplo-PB that is
mediated by lower relapse risks associated with Haplo-PB transplantation. Lower risk of
relapse after Haplo-PB transplantation is a consistent observation, but to our knowledge this
is the first study to demonstrate a survival advantage with Haplo-PB.10.11 An examination
of 5-year overall chronic GVHD after transplantation of trial and non-trial Haplo-BM
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(23% and 22%) and non-trial Haplo-PB (43%) showed higher rates after transplantation

of PB. However, an examination of moderate and severe chronic GVHD comparing trial
Haplo-BM (p=0.45) and non-trial Haplo-BM (p=0.45) to Haplo-PB transplants did not show
differences. Similarly, chronic GVHD severity did not differ between trial-UCB (p=0.43)
and non-trial Haplo-PB transplants. An examination of quality of life of surviving patients is
beyond the scope of our current study.

For reduced intensity conditioning transplantations, recent literature favors an HLA-matched
unrelated donor for myeloid malignancy, the most common indication for transplantation in
the current analyses.12 When such a donor is not available is there an optimal alternative
donor? The trial cohort and its contemporaneous cohort which is representative of the real-
world favor Haplo-BM or -PB over two-unit UCB transplantation. Patients in the current
analyses had predominantly acute leukemia and within this disease type, acute myeloid
leukemia. A separate study that compared UCB to Haplo-BM for lymphoma also confirmed
higher PFS and OS after Haplo-BM with reduced intensity conditioning regimens.13 Taken
together, an appropriate hierarchy for selection of an alternative donor for transplantation
using reduced intensity conditioning could be a haploidentical relative, and when such a
donor is not available, one or two-unit UCB.

Our study has strengths and limitations. A strength of the current analyses was our

ability to perform a careful comparison of outcomes after two-unit UCB and Haplo-BM
transplantations of patients who were treated on trial and treated off trial at centers (32 of
33) that participated in the trial and 59 centers that did not participate in the trial. Trial

and real-word patients were broadly similar except for performance score, co-morbidity
score and disease type which were carefully considered in all comparisons. Comparison of
outcomes by donor type of real-world transplantations (i.e., a comparison of the 3 non-trial
groups) further extend and confirm generalizability of the findings of the trial. We used a
consistent data source and trial/non-trial transplant conditioning regimens and graft versus
host disease prophylaxis regimens were the same. An added advantage was our ability to
perform a comparison of trial versus non-trial outcomes of a graft type (PB) that was not
standard of care when the trial was designed. Our observations extend and confirm our
confidence that treatment effects for this trial translate to the real-world setting and can be
extrapolated to future patients who meet the requirements for this trial. Use of two-unit UCB
has extended access to transplantation especially for minorities141% but higher non-relapse
mortality after UCB transplantation remains an obstacle. Strategies to overcome the cell
dose barrier for UCB transplantation has not led to lower non-relapse mortality or higher
survival despite faster hematopoietic recovery.16:17 We applied the trial’s inclusion and
exclusion criteria to select the non-trial cohort and restricted to the same conditioning
regimen and graft versus host disease prophylaxis regimens but there are unknown and
unmeasured factors that may influence transplantation outcomes. Although we could not
identify differences in outcome by transplant center, choice of one donor type over another
for non-trial patients may have been influenced by patient, physician or center practice, a
possible bias that was not addressed in our analyses.

Randomized clinical trials are unique in providing an unbiased comparison of treatments
but are expensive and logistically challenging to conduct. It is sobering that ~60% of
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two-unit UCB transplants and ~80% of Haplo-BM non-trial transplants occurred at the

32 sites that were participating in BMT CTN 1101 implying reservations regarding the
concept of randomization for donor assignment. Our findings of the trial’s generalizability
to the real-world setting should offer confidence in utilizing transplant registries to explore
outcomes of novel treatment strategies in transplantation. These data favoring haploidentical
relative BM or PB transplantation for adults with high-risk hematologic malignancy may
also facilitate changes in clinical practice with respect to selection of alternative donors.
Donor availability may vary, and we recommend proceeding to transplantation with the most
suitable donor who is available in a timely manner.
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Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
1. Confirmed generalizability of results of phase 111 randomized trial (BMT
CTN 1101)
2. Haplo-relative is preferred to cord blood with low intensity conditioning
regimen
3. Haplo-PB offers a survival advantage compared to Haplo-BM
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Figure 1: Trial two-unit UCB and trial Haplo-BM transplantation
1A: Non-relapse mortality after two-unit UCB (24%, 9% CI 18-31) and Haplo-BM (10%,

95% CI 5-15) transplants
1B: Relapse/progression after two-unit UCB (50%, 9% CI 43-58) and Haplo-BM (53%,
95% CI 45-61) transplants
1C: Progression-free survival after two-unit UCB (29%, 9% CI 22-35) and Haplo-BM (37%,
95% CI 29-45) transplants
1D: Overall survival after two-unit UCB (36%, 9% CI 29-44) and Haplo-BM (42%, 95% CI
33-51) transplants
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Figure 2: Trial two-unit UCB and real-world transplantation
2A: Non-relapse mortality after trial two-unit UCB (24%, 9% CI 18-31), non-trial two-unit

UCB (23%, 95% CI 17-30), non-trial Haplo-BM (19%, 95% CI 14-25) and non-trial Haplo-
PB (18%, 95% CI 13-23) transplants

2B: Relapse/progression after trial two-unit UCB (50%, 9% CI 43-58), non-trial two-unit
UCB (47%, 95% CI 39-54), non-trial Haplo-BM (53%, 95% CI 46-59) and non-trial Haplo-
PB (42%, 95% CI 36-48) transplants

2C: Progression-free survival after trial two-unit UCB (29%, 9% CI 22-35), non-trial two-
unit UCB (33%, 95% CI 26-40), non-trial Haplo-BM (32%, 95% CI 26-38) and non-trial
Haplo-PB (41%, 95% CI 34-47) transplants

2D: Overall survival after trial two-unit UCB (36%, 9% CI 29-44), non-trial two-unit UCB
(41%, 95% CI 34-48), non-trial Haplo-BM (47%, 95% CI 41-53) and non-trial Haplo-PB
(54%, 95% CI 47-60) transplants
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Figure 3: Trial two-unit UCB and real-world transplantation
3A: Non-relapse mortality after trial Haplo-BM (10%, 95% CI 5-15), non-trial two-unit

UCB (23%, 95% CI 17-30), non-trial Haplo-BM (19%, 95% CI 14-25) and non-trial Haplo-

PB (18%, 95% CI 13-23) transplants

3B: Relapse/progression after trial Haplo-BM (53%, 95% CI 45-61), non-trial two-unit UCB
(47%, 95% CI 39-54), non-trial Haplo-BM (53%, 95% CI 46-59) and non-trial Haplo-PB

(42%, 95% CI 36-48) transplants

3C: Progression-free survival after trial Haplo-BM (37%, 95% CI 29-45), non-trial two-unit
UCB (33%, 95% CI 26-40), non-trial Haplo-BM (32%, 95% CI 26-38) and non-trial Haplo-

PB (41%, 95% CI 34-47) transplants

3D: Overall survival after trial Haplo-BM (42%, 95% CI 33-51), non-trial two-unit UCB
(41%, 95% CI 34-48), non-trial Haplo-BM (47%, 95% CI 41-53) and non-trial Haplo-PB

(54%, 95% CI 47-60) transplants
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Characteristic Trial two-unit Non-trial two- | Trial Haplo-BM | Non-trial Haplo- | Non-trial Haplo-
ucB unit UCB BM PE
Number 183 195 154 358 403
Sex
Male 92 (50) 105 (54) 91 (59) 194 (54) 209 (52)
Female 91 (50) 90 (46) 63 (41) 164 (46) 194 (48)
Age- median (min-max) 58 (20-71) 58 (19-70) 60 (20-71) 56 (18-70) 58 (18-70
Race
White 140 (77) 141 (72) 108 (70) 253 (71) 284 (70)
Black or African American 27 (15) 25(13) 28 (18) 52 (15) 89 (22)
Other 13 (7) 23 (12) 15 (10) 30 (8) 15 (4)
Not Reported 3(2) 6 (3) 3(2) 23 (6) 15 (4)
Performance score
90-100 125 (68) 124 (64) 97 (63) 258 (72) 208 (52)
70-80 58 (32) 71 (36) 57 (37) 100 (28) 195 (48)
Cytomegalovirus serostatus
Negative 78 (43) 68 (35) 63 (41) 144 (40) 135 (33)
Positive 104 (57) 127(65) 91 (59) 212(59) 263 (65)
Not Reported 1(1) 0 (0) 0 (0) 2(1) 5(1)
Co-morbidity score
<2 110 (60) 87 (45) 91 (59) 210(59) 208 (52)
>3 73 (40) 108 (55) 63 (41) 145 (41) 190 (47)
Not Reported 0(0) 0(0) 0(0) 3(2) 5(1)
Disease
Acute lymphoblastic leukemia 31(17) 21 (11) 26 (17) 66 (18) 53 (13)
Acute myeloid leukemia 96 (52) 130 (67) 86 (56) 157 (44) 220 (55)
Biphenotypic leukemia 1(1) 3(2) 5(3) 3(1) 3(1)
Hodgkin lymphoma 10 (5) 8 (4) 8 (5) 37 (10) 29 (7)
Large cell lymphoma 21 (11) 12 (6) 16 (10) 40 (11) 34 (8)
Follicular lymphoma 8(4) 5(3) 3(2) 11 (3) 17 (4)
T-Cell lymphoma 3(2) 11 (6) 1(1) 20 (6) 29 (7)
Mantle cell lymphoma 6 (3) 3(2) 3(2) 11 (3) 10 (2)
Other lymphoma 7(4) 2(1) 6 (4) 13 (4) 8(2)
Disease Status
Leukemia
15t complete remission 95 (52) 114 (58) 98 (64) 179 (50) 211 (52)
2" complete remission 33 (18) 39 (20) 18 (12) 43 (12) 56 (14)
3'd complete remission — 1(1) 1(1) 4(1) 9(2)
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Characteristic Trial two-unit Non-trial two- | Trial Haplo-BM | Non-trial Haplo- | Non-trial Haplo-
ucB unit UCB BM PE
Lymphoma

Complete remission 24 (13) 25 (13) 13 (8) 73 (20) 63 (16)
Partial remission 23(13) 11 (6) 21 (14) 48 (13) 47 (12)
Follicular Lymphoma 8 (4) 5(3) 3(2) 11 (3) 17 (4)

Disease risk index
Low 24 (13) 18 (9) 12 (8) 43 (12) 54 (13)
Intermediate 123 (67) 161 (83) 107 (69) 248 (69) 271 (67)
High/ Very High 36 (20) 16 (8) 35 (24) 67 (19) 78 (19)
Follow-up, median (range), months 48 (12-80) 58 (12-79) 47 (7-76) 48 (8-97) 36 (6-74)
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Non-relapse mortality, relapse/progression, progression-free survival and overall survival by donor type:
extended follow-up of trial participants

Table 2:

Events/Evaluable Hazard ratio p-value 5-year probability
(95% confidence interval) (95% confidence interval)

Non-relapse mortality

Trial Haplo-BM 13/154 1.00 10% (5 - 15)

Trial two-unit UCB 40/183 2.69(1.43-15.04) 0.002 24% (18 - 31)
Relapse/progression

Trial Haplo-BM 81/154 1.00 53% (45 - 61)

Trial two-unit UCB 88/183 1.04 (0.77 - 1.41) 0.81 50% (43 - 58)
Progression-free survival

Trial Haplo-BM 94/154 1.00 37% (29 - 45)

Trial two-unit UCB 128/183 1.27 (0.97 - 1.66) 0.08 29% (22 - 36)
Overall survival

Trial Haplo-BM 78/154 1.00 42% (33 -51)

Trial two-unit UCB 108/183 1.32(0.98-1.77) 0.06 36% (29 - 44)
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Non-relapse mortality, relapse/progression, progression-free survival and overall survival by donor type: Real

world data versus trial two-unit UCB

Table 3:

Events/Evaluable Hazard ratio p-value 5-year probability
(95% confidence interval) (95% confidence interval)

Non-relapse mortality

Trial two-unit UCB 40/183 1.00 24% (18 - 31)

Non-trial Two-unit UCB 42/194 0.94 (0.61 - 1.47) 0.80 23% (17 - 30)

Non-trial Haplo-BM 53/358 0.60 (0.40 — 0.92) 0.017 19% (14 - 25)

Non-trial Haplo-PB 64/358 0.56 (0.38 — 0.84) 0.005 18% (13 - 23)
Relapse/progression

Trial two-unit UCB 88/183 1.00 50% (43 - 58)

Non-trial Two-unit UCB 88/194 0.88 (0.65 - 1.18) 0.37 47% (39 — 54)

Non-trial Haplo-BM 164/358 0.88 (0.68 — 1.14) 0.33 53% (46 — 59)

Non-trial Haplo-PB 144/401 0.63 (0.49 - 0.83) 0.001 42% (36 — 48)
Progression-free survival

Trial two-unit UCB 128/183 1.00 29% (22 - 36)

Non-trial Two-unit UCB 130/194 0.89 (0.70- 1.14) 0.36 33% (26 — 40)

Non-trial Haplo-BM 217/358 0.80 (0.64 — 0.99) 0.044 32% (26 - 38)

Non-trial Haplo-PB 208/401 0.62 (0.50 - 0.77) <0.0001 41% (34 - 47)
Overall survival

Trial two-unit UCB 108/183 1.00 36% (29 — 44)

Non-trial Two-unit UCB 112/194 0.91 (0.69 - 1.19) 0.48 41% (34 - 48)

Non-trial Haplo-BM 171/358 0.74 (0.56 — 0.93) 0.012 47% (41 - 53)

Non-trial Haplo-PB 161/403 0.57 (0.45 — 0.74) <0.0001 54% (47 — 60)
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NRM, Relapse/Progression, PFS, and OS by Donor Type: Real-World Data versus Trial Haplo-BM

Table 4

Parameter Events/ Evaluable, n | HR(95% CI) P Value | 5-yr Probability, % (95% CI)
NRM
Trial Haplo-BM 13/154 1.00 10(5-15)
Nontrial 2-unit UCB | 42/194 2.54 (1.36-4.75) | .004 23 (17-30)
Nontrial Haplo-BM 53/358 1.61 (0.88-3.03) | .12 19(14-25)
Nontrial Haplo-PB | 64/358 1.52(0.83-2.78) | .18 18(13-23)
Relapse/progression
Haplo-BM trial 81/154 1.00 53 (45-61)
Nontrial 2-unit UCB | 88/194 0.91 (0.67-1.23) | .53 47 (39-54)
Nontrial Haplo-BM | 164/358 0.91 (0.70-1.19) | .50 53 (46-59)
Nontrial Haplo-PB 144/401 0.66(0.50-0.86) .003 42(36-48)
PFS
Haplo-BM trial 94/154 1.00 37 (29-45)
Nontrial 2-unit UCB | 130/194 1.13(0.87-1.48) | .36 33 (26-40)
Nontrial Haplo-BM 217/358 1.01 (0.79-1.30) | .92 32 (26-38)
Nontrial Haplo-PB | 208/401 0.78(0.61-1.00) | .05 41 (34-47)
oS
Haplo-BM trial 78/154 1.00 42(33-51)
Nontrial 2-unit UCB | 112/195 1.20 (0.89-1.60) | .23 41 (34-48)
Nontrial Haplo-BM | 171/358 0.96 (0.74-1.27) | .80 47 (41-53)
Nontrial Haplo-PB 161/403 0.76 (0.57-0.99) | .044 54 (47-60)

Significant values are in bold type.
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