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Abstract

Background: Randomized clinical trials offer the highest quality data for modifying clinical 

practice. Results of a phase III 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; 

NCT01597778.

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 III 

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.1 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.2 The Blood and Marrow Transplant 

Clinical Trials Network (BMT CTN) published the results of a phase III randomized trial 

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

Outcomes

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

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.4 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.5 An effect of 

transplant center effect on survival was tested using the frailty and random effect model.6,7 

All p-values are two-sided and analyses were done using SAS version 9·4 (Cary, NC).

RESULTS

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 3rd 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—Outcomes 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 III 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% 

CI 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% CI 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% 

CI 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% CI 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 3rd 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 2nd (HR 1.26, 

95% CI 1.01 – 1.57, p=0.041) and 3rd (HR 2.72, 95% CI 1.48 – 4.98, p=0.001) complete 

remission compared to those transplanted in 1st 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 1st 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 3rd 

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 1st 

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 3rd 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 1st 

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 planned3 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 trials9 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.8 

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 minorities14,15 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

1. Confirmed generalizability of results of phase III 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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Table 1.

Patient and disease characteristics of trial and non-trial participants by donor type

Characteristic Trial two-unit 
UCB

Non-trial two-
unit UCB

Trial Haplo-BM Non-trial Haplo-
BM

Non-trial Haplo-
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(1) 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

     1st complete remission 95 (52) 114 (58) 98 (64) 179 (50) 211 (52)

     2nd complete remission 33 (18) 39 (20) 18 (12) 43 (12) 56 (14)

     3rd complete remission — 1 (1) 1 (1) 4 (1) 9 (2)

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



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

O’Donnell et al. Page 17

Characteristic Trial two-unit 
UCB

Non-trial two-
unit UCB

Trial Haplo-BM Non-trial Haplo-
BM

Non-trial Haplo-
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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Table 2:

Non-relapse mortality, relapse/progression, progression-free survival and overall survival by donor type: 

extended follow-up of trial participants

Events/Evaluable Hazard ratio
(95% confidence interval)

p-value 5-year probability
(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 – 5.04) 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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Table 3:

Non-relapse mortality, relapse/progression, progression-free survival and overall survival by donor type: Real 

world data versus trial two-unit UCB

Events/Evaluable Hazard ratio
(95% confidence interval)

p-value 5-year probability
(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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Table 4

NRM, Relapse/Progression, PFS, and OS by Donor Type: Real-World Data versus Trial Haplo-BM

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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