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Abstract

Limited studies have reported on outcomes for lymphoid malignancy patients receiving alternative 

donor allogeneic stem cell transplants. We have previously described combining CD34-selected 

haploidentical grafts with umbilical cord blood (haplo-cord) to accelerate neutrophil and platelet 

engraftment. Here, we examine the outcome of patients with lymphoid malignancies undergoing 

haplo-cord transplantation at the University of Chicago and Weill Cornell Medical College.

We analyzed 42 lymphoma and CLL patients who underwent haplo-cord allogeneic stem cell 

transplantation. Patients underwent transplant for Hodgkin’s lymphoma (n=9, 21%), CLL (n=5, 

12%) and non-Hodgkin lymphomas (n=28, 67%), including 13 T-cell lymphoma. Twenty four 

patients (52%) had 3 or more lines of therapies. Six (14%) and one (2%) patients had prior 

autologous and allogeneic stem cell transplant, respectively. At the time of transplant, 12 patients 

(29%) were in complete remission (CR), 18 had chemotherapy-sensitive disease and 12 patients 

had chemotherapy-resistant disease. Seven (17%), 11 (26%) and 24 (57%) patients had low, 

intermediate and high disease risk index (DRI) prior to transplant. Comorbidity index was evenly 

distributed among 3 groups with 13 (31%), 14 (33%) and 15(36%) patients scored 0, 1–2 and ≥3. 

Median age for the cohort was 49 years (23–71). All patients received fludarabine/melphalan/ATG 

conditioning regimen and post-transplant GVHD prophylaxis with tacrolimus and mycophenolate 

mofetil (MMF). The median time to neutrophil engraftment was 11 days (9–60) and to platelet 

engraftment was 19.5 days (11–88).

Cumulative Incidence of non-relapse mortality (NRM) was 11.6% at 100 days and 19 % at one 

year. Cumulative incidence of relapse was 9.3% at 100 days and 19% at one year. With a median 

follow up of survivors of 42 months, the three-year GVHD/Progression Free Survival (GPFS), 
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progression free survival (PFS) and overall survival (OS) was 53%, 62%, and 65% respectively for 

these patients. Only 8% of the survivors have chronic GVHD.

In conclusion, haplo-cord transplantation offers a transplant alternative for patients with recurrent 

or refractory lymphoid malignancies who lack matching donors. Both neutrophil and platelet 

count recovery is rapid, non-relapse mortality is limited, excellent disease control can be achieved 

and the incidence of chronic GVHD is limited. Thus, haplo-cord achieves high rates of 

engraftment and encouraging results.

Introduction

Recent therapeutic advances resulted in progressively better outcomes for patients with both 

Hodgkin and non-Hodgkin lymphomas, including patients with high-risk features,1, Still, a 

minority of patients are refractory or may not qualify for an autologous stem cell transplant. 

Allogeneic stem cell transplantation (SCT) is increasingly used for such high-risk patients.

With improvement in pre-transplant evaluation, use of reduced intensity conditioning 

regimens and better supportive care, allogeneic SCT has been offered to an older patient 

population that was previously excluded from such treatment.2, 3,4 For patients who may 

benefit from allogeneic SCT, but lack suitable HLA-matched sibling or unrelated donors, 

umbilical cord blood (UCB) is an alternative graft source. Several studies showed similar 

progression free survival (PFS) and overall survival (OS) to sibling- or unrelated donor 

transplant, but the delayed neutrophil and platelet recovery associated with cord blood 

transplant results in prolonged hospitalization, higher costs, increased morbidity and early 

mortality.5, 6,7,8,9 To improve the neutrophil and platelet engraftment and take advantage of 

the low incidence of graft-versus-host-disease (GVHD), we and others previously reported 

combining haploidentical donor grafts with cord blood stem cells.10–14 The haploidentical 

graft provides a “myeloid bridge” that allows for rapid neutrophil and platelet recovery and 

that –with rare exceptions15 - is eventually replaced by the cord blood cells. We and other 

have previously reported on patterns of chimerism,14, 16–18 its consequences and of immune 

reconstitution19, 20 after this procedure. In a comparative study with double cord 

transplantation, we have shown improved count recovery and improved GVHD and relapse-

free survival.21 In comparison with haplo-identical transplant with post-transplant 

cyclophosphamide, Kwon et al reported that haplo-cord transplant had faster neutrophil 

recovery, similar survival rates and lower rates of acute and chronic GVHD.22, 23 Here we 

report our experience with haplo-cord transplant for high-risk or relapsed and/or refractory 

lymphoma/CLL patients.

Material and methods

Study design and patient population

Outcomes of all consecutive patients with lymphoma or CLL, treated on the haplo-cord 

protocols conducted at the University of Chicago between 2007 to Jan 2016 and at Weill 

Cornell Medical College between 2012 and 2016 were reviewed.14 Details have been 

previously reported.10 Briefly, all patients received fludarabine 30mg/m2 IV from days −7 

through −3, melphalan 140mg/m2 IV on day −2 and rabbit anti-thymocyte globulin 

Hsu et al. Page 2

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2019 June 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1.5mg/kg on days −5, −3 and −1 as the conditioning regimen. Some early patients received 

an additional dose of ATG on day −7. Tacrolimus and mycophenolate mofetil (MMF 1g 

TID) were used for GVHD prophylaxis. Tacrolimus dose was adjusted to maintain plasma 

level between 5 – 15 ng/ml until day 180 before being tapered off when appropriate. MMF 

was given until day 28 (or until day 60 for the early patients). Some patients at Weill Cornell 

Medical Center also received 400cG TBI as part of conditioning regimen.24 One patient with 

T-cell lymphoma relapsed and received a second haplo-cord transplant two years after the 

initial one. A different conditioning regimen was used and data on the second transplant are 

not included.

For haploidentical donors, relatives were preferred. When there were no suitable relatives, 

HLA-haploidentical unrelated donors were used.25 G-CSF was used for stem cell 

mobilization. For the haploidentical grafts, CD34+- cell selection was performed, using the 

Miltenyi cliniMACS® CD34 Reagent System (Miltenyi, Germany) device, attaining less 

than 1 × 104 CD3+ T cells/kg of the recipient body weight. Prior to April 2010, Isolex 300i 

device was used for the CD34 cell selection. For umbilical cord blood units, a minimum 

requirement for HLA matching was 4/8 –using high resolution HLA- typing for HLA-A,B,C 

and DR, and minimum cell dose was 1.2 × 107/kg total nucleated blood cells (TNC). We 

prioritized the cord blood HLA-match over the nucleated cell dose as long as CBU dose 

exceeded 1.2 ×107/kg TNC at the time of cryopreservation.

Chimerism

Chimerism reported as percentage recipient and donor was analyzed using short tandem 

repeat (STR) analysis using the PowerPlex 16 HS System (Promega, Madison, WI). 

Multiplex PCR reaction that amplifies 16 STR loci of the recipient- and donor-specific loci 

were analyzed.26 The sensitivity of the chimerism test was 1%. Both peripheral blood and 

bone marrow chimerism studies were included.

Definitions

Neutrophil engraftment was defined as the time from the date of stem cell infusion to the 

first of 3 consecutive days with an absolute neutrophil count of 0.5×109 per liter or higher. 

Platelet engraftment was defined as the time from the date of stem cell infusion to the first of 

7 consecutive days with a platelet count of 20×109 per liter or higher without platelet 

transfusion. Acute GVHD and chronic GVHD were diagnosed and graded according to 

consensus criteria.27 Non-relapse mortality (NRM) is defined as death without evidence of 

relapse/progression of malignancy. Progression Free Survival is defined as the time from 

transplant until disease progression, whichever happens first. Overall survival is defined as 

the time from transplant until death.

Statistical methods

Probabilities of TRM, relapse, acute and chronic GVHD, neutrophil recovery and platelet 

recovery were generated using cumulative incidence estimates to accommodate competing 

risks. Cumulative incidence of relapse of the original disease, non-relapse mortality and 

GVHD were calculated using R statistics (http://cran.R-project.org).28 Cmprsk package was 
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used to perform subdistribution analysis of competing risk and CumIncidence R functions 

were used for the cumulative incidence curve fit.

Probability of OS and PFS were calculated using the Kaplan-Meier estimator, with the 

variance estimated by Greenwood’s formula. GraphPad Prism 7 was used to create survival 

curves using the method of Kaplan and Meier and calculates the 95% confidence interval for 

fractional survival at any particular time. For PFS, subjects were considered treatment 

failures at the time of relapse or progression or death from any cause. Patients alive without 

evidence of disease relapse or progression were censored at last follow-up. Similarly the 

probability of GVHD-free and relapse free survival (GRFS) was summarized by defining 

events to include grade 3–4 acute GVHD, any cGVHD required systemic therapy, relapse, or 

death.

Results

Patient Characteristics

Forty-two patients with lymphoid malignancies underwent haplo-cord transplantation at the 

University of Chicago or at Weill Cornell Medical Center. Patient characteristics are detailed 

in Table 1. The median age was 49 years (23–71). Minorities accounted for 38% (n=16) of 

our patient population. T-cell lymphomas (n=13; 31%) represented the largest group of 

lymphoma patients, followed by Hodgkin lymphoma (n=9; 21%).

At the time of haplo-cord transplantation, 12 patients (29%) were in complete remission 

(CR), including 6 CR1, 4 CR2 and 2 CR3. With the exception of 1 patient, 5 of the 6 

patients achieved CR1 only after at least 2 lines of therapies. The remaining 30 patients 

(71%) had active disease, including one with T-cell lymphoma, who was transplanted in 

partial remission after initial treatment. Among the latter group, 12 patients were considered 

chemotherapy-resistant, which included 9 patients with refractory disease upon relapse and 

3 patients with primary induction failure – no response or stable disease; and 18 had 

chemotherapy-sensitive disease. Six (14%) of the 42 patients had undergone a prior 

autologous stem cell transplant.

Twenty-four (57%) patients had a high/very-high-risk disease risk index (DRI).29 Eleven 

(26%) and 7 (17%) patients had an intermediate and low-risk DRI respectively. The seven 

patients with low-risk DRI comprised 3 CLL patients in CR (n=1) and PR (n=2) after 

multiple therapies, 2 mantle cell lymphoma patients in CR2, 1 Hodgkin lymphoma patient in 

CR3+ and a grade-3a follicular lymphoma patient in CR2.

Donor characteristics

Sixty nine percent (n=29) of the cord blood units infused were either 5/8 or 6/8 HLA-

matched. The rest of the cord grafts were 7/8 (21% n=9) and 8/8 HLA-matched (5%, n=2). 

Only two patients were 4/8 matched (Table 1). The median number of cord TNC infused 

was 18.5 × 106/kg (11.2–46.9) and median CD34+ stem cell number infused was 0.61 × 

105/kg (0.02–5.8).
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The most common haplo-identical donors were siblings, followed by children and parents. 

The median number of haplo-identical CD34+ donor cells infused were 4.9 × 106/kg (1.5–

6.0). The median T-cell dose infused after depletion was 0.03 × 104/kg (0.0–1.7) (Table 1).

Engraftment

The median time to neutrophil engraftment was 11 days (9–60). The median time to platelet 

engraftment was 19.5 days (11–88). By day 30, 95% and 74% patients had neutrophil and 

platelet engraftment. Neutrophil and platelet engraftments were 100% and 91% respectively 

by day 60. (Figure 1). Three patients with failure of the haplo-bridge were among those with 

delayed recovery of neutrophils and platelets. One patient, after initial neutrophil recovery 

on day 36 and evidence of CBU engraftment, died from graft failure on day 48. Day 100 

CD3 chimerism data are available for 31 of the 32 patients who were alive and disease-free 

by day 100 and is summarized in Table 2. CBU chimerism accounted for all, or the large 

majority of CD3 cells in 21 (67%). Mixed patterns were present in 7 (22%). One patient had 

haplo-identical engraftment without evidence of CBU engraftment. This patient, with 

Hodgkin’s lymphoma continues to do well, now three years after transplant. And one HIV 

positive patient had autologous reconstitution – he later relapsed. (see below).

Graft vs host disease

Nine patients developed acute GVHD, including five with grade I/II and four with grade 

III/IV aGVHD. There were three cases of skin- and six of GI-GVHD. The median time to 

the development of acute GVHD was 50 days (26–130). The cumulative incidence of acute 

GVHD at day 100 was 20% % (Figure 2A ). Four patients developed mild (n=3) or moderate 

(n=1) chronic skin GVHD, only two of whom required systemic treatment. The cumulative 

incidence of chronic GVHD at 1-year was 8% (Figure 2 B).

Relapse, Non-Relapse mortality and infectious complications.

Twelve patients had disease progression or relapse post-transplant. Median time to 

progression was 112 days. Nine of the 12 patients had chemo-resistant disease at the time of 

transplant. The cumulative incidence of relapse was 12% at day 100 and 19.5% at 1 year 

(Figure 3A).

Thirteen patients have died at the time of analysis, with 6 patients dying from progressive 

disease and 7 from non-relapse causes, including GVHD (1), PTLD (1), disseminated 

adenovirus (1), renal failure (1), atypical hemolytic uremic syndrome (1), non-infectious 

pulmonary syndrome (1), Sinusoidal obstruction syndrome (SOS/VOD) (1). The cumulative 

incidence of non-relapse mortality was 14 % at day 100 and 19% at one year (Figure 3).

The rate of EBV reactivation was 31% (n=13). Ten of the thirteen patients received 

rituximab treatments. Two of these patients also received chemotherapy and EBV-directed T 

cell therapy. One death was attributed to PTLD. The rate of CMV reactivation was 36% 

(n=15) with no deaths attributed to CMV
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Survival

With a median survivor follow-up of 42 months, the estimated 3-yr GRFS, PFS and OS 

were, 53% (95% CI 36–68), 62% (95% CI 44–75) and 65% (95% CI 48–78) (Figure 4). The 

outcomes vary somewhat depending on subtype of lymphoma. All four patients with 

CLL/SLL and all three patients with follicular lymphoma remain alive and in remission. Of 

nine patients with Hodgkin’s lymphoma, six remain alive and in remission. One died of 

PTLD, one patient with Hodgkin’s lymphoma and HIV failed to engraft, had autologous 

count recovery and died of progressive disease and one is alive with disease. Three of six 

patients with mantle cell lymphoma remain in remission. Three died of disease recurrence. 

Two patients with DLBCL remain in remission. Two died of disease recurrence and two of 

complications. Of thirteen patients with T-cell lymphoma, five remain in remission, four 

have died of complications and four have relapsed.

Disease risk index was associated with outcome. Three year survival for patients with low, 

intermediate, high and very high risk DRI was 83%, 72%,61% and 25% respectively 

(PP=0.03) Gender, older age, CBU dose, CBU match or haplo-graft match were not 

associated with outcome.

Discussion

Allogeneic transplantation is assuming a larger role in the management of advanced 

lymphomas. Reported results with reduced intensity conditioning and matched related or 

unrelated donor transplant show 3 year PFS and OS of 33–51% and 43–58%, respectively.
30, 31 For those lacking HLA identical unrelated donors, cord blood transplantation has been 

employed.9, 32–35,36–38 In the two largest studies, from EBMTR and CIBMTR respectively, 

outcomes were comparable to those of unrelated donor transplantation.33, 34 Cord blood 

transplant thus represents a good alternative option for patients without a HLA-matched 

donor donors, which does not compromise disease control, and has a low incidence of 

GVHD. Its main drawback remains the unpredictable and often prolonged time to blood cell 

count recovery, which adds morbidity and expense. By supporting a single cord blood graft 

with third party CD34-selected progenitors for lymphoma patients, we demonstrated 

accelerated engraftment, with a median time to neutrophil and platelet engraftment of 11 and 

20 days, respectively. By day 30, 95% and 76% of the patients achieved neutrophil and 

platelet engraftment respectively. The patterns of chimerism by day 100, are similar to what 

has been previously described by our group and others.15, 20, 39 The cumulative incidence of 

grade II/IV acute GVHD at day 100 was 9.3% and chronic GVHD at 2 years was only 8%. 

The incidence of both acute and chronic GVHD is lower than that of double cord blood 

transplant, as we have previously shown.21 This may be due to ex vivo T cell depletion of 

the haplo-identical donors, the use of ATG in conditioning regimen, and prioritization of 

HLA match over the cell dose for cord blood grafts. CMV reactivation, though frequent, was 

readily controlled and no cases of CMV disease were observed. EBV reactivation was more 

problematic, occurring in thirty percent of patients and in part related to our use of ATG, 

required for success of the haplo-myeloid bridge.17 Without it, early rejection of the haplo-

identical graft and a second nadir commonly ensues. The use of ATG in double cord blood 

transplantation has become controversial in cord blood transplantation, because its 
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association with EBV reactivation and in some studies with increased mortality.40, 41 But in 

a recent large registry analysis, it was associated with reduced incidence of GVHD and had 

no detrimental impact on long-term outcomes.42 The differences in outcomes may be 

attributable in part to differences in ATG dosing and formulation.43 With rigorous 

monitoring and early intervention with rituximab, we too found that fatal PTLD could be 

mostly prevented. Only two patients required additional treatments beyond rituximab and 

PTLD was fatal in only one patient.44 Overall, the benefits of a successful myeloid bridge, 

rapid engraftment and extremely low rates of GVD, outweigh the risk of EBV reactivation.21 

Nevertheless, further reduction in EBV reactivation is an aim of ongoing studies and we 

have partially addressed this by reducing the dose of ATG from 6 mg/kg to 4.5 mg/kg and by 

pre-transplant administration of rituximab.45

Our cohort included nine heavily pre-treated patients with Hodgkin’s lymphoma. The 

majority of them had at least 3 lines of prior treatment, but rates of disease recurrence were 

quite low and they reached 1-year PFS of 73% and OS of 86%, suggesting they may 

uniquely benefit from this approach. Similarly the small group of patients with advanced 

follicular lymphoma or CLL/SLL had excellent outcomes. The largest cohort consisted of 

patients with relapsed and refractory peripheral T-cell lymphoma - a heterogeneous group of 

patients with poor prognosis.46 Their 1-year PFS and OS was 49% and 64%.

Despite low incidence of GVHD, rates of long-term disease control were excellent. Fifty five 

percent of our patients had high and very high-risk disease by DRI.29 With a median follow-

up of 42 months for survivors, 3 year GPFS, PFS and OS were 53%, 62% and 65% 

respectively. Although our sample size is small, this compares favorably to both Eurocord/

EBMT32 and CIBMTR34 studies, which showed estimated 1 year PFS and OS around 40–

44% and 48–54% in similar patient populations.

For patients lacking HLA matched donors, haplo-identical transplant has also emerged as a 

promising alternative, often utilizing post-transplant cyclophosphamide. The latter procedure 

is readily implemented and has lower graft acquisition costs. Castagna et recently showed 

that the 3-year OS, PFS, relapse rates and 1-year non-relapse mortality (NRM) were 63%, 

59%, 21% and 20%, respectively for advanced Hodgkin lymphoma patients who underwent 

haplo-identical transplant.47 Incidence of GVHD, time to count recovery and rates of graft 

rejection and of disease control were in the same range, but need to be compared to our 

outcomes in larger patient groups.47,48 Similar results were also reported by Brammer et al, 

in 22 patients with non-Hodgkin’s lymphoma.49

In conclusion, combined haplo-identical-cord transplant provides rapid neutrophil and 

platelet engraftment, low incidence of GVHD, and offers excellent disease control for 

patients with high-risk or relapsed/refractory lymphoid malignancies. It appears superior to 

double cord blood transplantation in time to engraftment and incidence of GVHD and has 

similar to possibly superior long-term outcomes.21 Also, in our experience, approximately 

25% of adult patients lack suitable first or second degree relatives. For them, haplo-identical 

transplantation is not an option, but substitution of the haplo-identical donor by CD34 cells 

from mismatched unrelated donor of other third party donors, allows haplo-cord 

transplantation to be a near universal donor source.48
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Figure 1: 
Cumulative Incidence of Neutrophil Recovery ( A) and of Platelet Recovery (B)
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Figure 2. 
Cumulative Incidence of Acute (A) and of Chronic (B) Graft versus Host Disease.
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Figure 3. 
Cumulative Incidence of Relapse/Progression (A) and of Non-relapse Mortality (B).
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Figure 4. Overall Survival and Progression Free Survival (PFS) and GVHD/Progression Free 
Survival (GPFS) for all lymphoid malignancy patients.
Three-year GPFS, PFS and OS was 53% (95% CI 36–68), 62% (95% CI 44–75) and 65% 

(95% CI 48–78). (N=42)
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Table 1

Patient Characteristics

Characteristics

Number of Patients N=42

Median Age 49yr (22–71)

Gender male 28 (67%)

female 14 (33%)

Ethnicity Caucasian 26 (62%)

Black 8 (19%)

Hispanic 6 (14%)

Asian 2 (5%)

Lymphoma Histology T cell lymphoma† 13 (31%)

Hodgkin lymphoma 9 (21%)

CLL 5 (12%)

Mantle cell lymphoma 5 (12%)

DLBCL 7 (17%)

Follicular lymphoma 3 (7%)

Previous autologous transplant 6 (14%)

Previous therapy 1 regimen 2

2 regimens 16

3 regimens 14

>3 regimens (4–10) 10

Disease Status prior to transplant Complete remission

• CR1

• CR2

• CR3

12 (29%)
6 (at least 2 lines, except 1 pt)
4
2

Partial remission (PR) 2 (5%)

Relapse -sensitive 4 (9%)

Relapse - resistant 6 (14%)

Primary induction failure (PIF)-sensitive 11 (26%)

Primary induction failure (PIF)-resistant 5 (12%)

No response/stable disease 2 (5%)

HTC-CI 0 13 (31%)

1–2 14 (33%)

≥3 15 (36%)

DRI low 7 (17%)

Intermediate 11 (26%)

High 20 (48%)

Very High 4 (9%)
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Characteristics

Conditioning regimen Flu/Mel/ATG 34 (81%)

Flu/Mel/ATG + radiation 8 (19%)

Cord blood HLA match 4/8 2 (5%)

5/8 15 (36%)

6/8 14 (33%)

7/8 9 (21%)

8/8 2 (5%)

Haploidentical donor sibling 19 (45%)

children 13 (31%)

parents 8 (19%)

unrelated 1 (2%)

Cell dose

 Haploidentical graft CD34+ cells, × 106/kg 4.99 × 106 (1.51– 5.97)

T cells in the selected CD34+ 0.029 × 104/kg (0.0 –1.7)

 Cord blood graft TNC cells, × 106/kg 18.5 × 106/kg (10.5 – 46.95)

CD34+ cells, × 105/kg 0.615 × 105 (0.2 – 5.8)

CMV status

 Recipient positive 30 (71%)

negative 12 (29%)

 D
¥
/R* (+/+)

8 (19%)

 D/R(±/-) 10 (24%)

 D/R (±/+) 22 (54%)

 D/R (−/−) 2 (5%)

†
T cell lymphomas included cutaneous Peripheral T cell lymphoma (n=6), hepatosplenic lymphoma (n=4), angioimmunoblastic lymphoma (n=2), 

ALK+ anaplastic T cell lymphoma (n=2 ) and T-PLL(n=1).

¥
haplo-identical donor and cord blood donor;

*
R: recipient
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Table 2

Day 100 Chimerism

CD3 N=31*

100% CBU 17

CBU >80% 4

CBU <80% + Haplo 2

CBU <80% + Host 1

CBU <80% + Haplo + Host 4

Haplo 100%
1
+

Host 100% 1++

CD33 N= 20
**

100% CBU 6

CBU >90% 3

CBU <90% + haplo 6

CBU<90%+ haplo + host 3

Haplo 100%
2
+

Host 100%
1
++

*
32 patients alive and in remission on day 100 – data available on 31

**
Data only for WCMC patients ‒20 alive and in remission on day 100

+
one patient with failure of sustained engraftment of CBU unit and one patient with myeloid CBU engraftment, but no T-lymphoid engraftment.

++
one patient with autologous count recovery.
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