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Summary

Umbilical cord blood (UCB) transplantation is a potentially curative treatment for patients with 

refractory severe aplastic anaemia (SAA), but has historically been associated with delayed 

engraftment and high graft failure and mortality rates. We conducted a prospective phase 2 trial to 

assess outcome of an allogeneic transplant regimen that co-infused a single UCB unit with CD34+-

selected cells from a haploidentical relative. Among 29 SAA patients [including 10 evolved to 

myelodysplastic syndrome (MDS)] who underwent the haplo cord transplantation (median age 20 

years), 97% had neutrophil recovery (median 10 days), and 93% had platelet recovery (median 

32 days). Early myeloid engraftment was from the haplo donor and was gradually replaced 

by durable engraftment from UCB in most patients. The cumulative incidences of grade II–IV 

acute and chronic graft-versus-host disease (GVHD) were 21% and 41%, respectively. With 

a median follow-up of 7·5 years, overall survival was 83% and GVHD/relapse-free survival 

was 69%. Patient- and transplant-related factors had no impact on engraftment and survival 

although transplants with haplo-versus-cord killer-cell immunoglobulin-like receptor (KIR) ligand 

incompatibility had delayed cord engraftment. Our study shows haplo cord transplantation is 
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associated with excellent engraftment and long-term outcome, providing an alternative option 

for patients with refractory SAA and hypoplastic MDS who lack human leucocyte antigen (HLA)-

matched donors.
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Introduction

Severe aplastic anaemia (SAA) is a life-threatening haematological disorder characterized 

by bone marrow (BM) failure that can clonally evolve to myelodysplastic syndrome (MDS). 

Long-term survival in SAA can be achieved with immunosuppressive therapy (IST) using 

anti-thymocyte globulin (ATG) and cyclosporin (CSA).1,2 Recent data suggest adding 

eltrombopag to conventional ATG/CSA improves response rate.3,4 However, approximately 

30% will not respond to IST and a number of responders will relapse and/or have evolution 

to MDS and acute myeloid leukemia.4,5

SAA patients who are refractory to or relapse after IST and lack a human leucocyte 

antigen (HLA)-matched donor often proceed to the haematopoietic stem-cell transplantation 

(SCT) using cord blood or haploidentical donors.6–8 Haplo-transplants utilizing post-

transplant cyclophosphamide have been associated with low mortality rates for patients 

with haematologic malignancies.9,10 Although recently published studies on haploidentical 

SCT for SAA show improved engraftment and survival compared to earlier studies,6,7 this 

approach has been associated with higher rejection rates and more than 30% one-year 

mortality.11–13 Transplantation using umbilical cord blood (UCBT) is a viable transplant 

alternative for haematological disorders, with cord blood units being rapidly available for 

patients needing an urgent transplant and with UCBT being associated with low rates of 

graft-versus-host-disease (GVHD).14 A disadvantage of UCBT is the limited number of total 

nucleated cells (TNC) contained within the cord blood unit, which has historically been 

associated with delayed engraftment and higher rates of graft failure.14–17 Although cord 

blood units with higher TNCs are associated with improved transplant outcome,18 such cord 

units are available to only a minority of adult patients undergoing transplantation.

To overcome disadvantages of UCBT, a transplant strategy was developed that co-

transplants UCB and CD34+-enriched cells from a haploidentical donor for patients with 

haematological malignancies.19–25 In order to harness the advantages of adequately HLA-

matched cord blood units being readily available for most patients needing a transplant and 

to expedite neutrophil recovery, we conducted a prospective study in which a single cord 

blood unit was co-transplanted with a relatively low number of highly purified peripheral 

blood CD34+ cells from a haploidentical relative in patients with SAA refractory to IST or 

early-stage MDS with severe neutropenia.26,27 Here, we report the outcomes and long-term 

follow-up results of this study.
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Methods

Study design and participants

We conducted a phase 2, single-centre clinical trial (ClinicalTrials.gov: NCT00604201), 

between 2008 and 2020 that was approved by the National Heart, Lung, and Blood 

Institute’s Institutional Review Board. All patients provided written informed consent. 

Eligible patients included those age 4–55 years with diagnosis of SAA, SAA evolved to 

MDS, or hypoplastic MDS presenting with refractory anaemia (RA) or ringed sideroblasts 

(RARS).28 SAA patients were required to have a BM cellularity of < 30%, be transfusion-

dependent for platelets and/or red blood cells, and have severe neutropenia [absolute 

neutrophil count (ANC) <500/μl]. MDS patients were required to have a history of SAA 

that clonally evolved to MDS or to have severe neutropenia and a history of one or more 

opportunistic infections related to neutropenia. All patients had also failed to respond to 

standard IST.

All patients lacked an HLA-compatible donor and were required to have: (i) a haploidentical 

related donor (HLA-A, -B, -C, -DR and -DQ loci); (ii) at least a 4/6 HLA-matched UCB unit 

available; and (iii) no evidence of historic or current donor-specific HLA antibodies (DSA) 

to one or more mismatched alleles expressed on the cord blood unit or in the haplo donor. 

More details are described in the Supporting Information.

Treatment

The conditioning regimen consisted of intravenous (IV) cyclophosphamide (60 mg/kg/day, 

days −7 and −6), followed by IV fludarabine (25 mg/m2/day, days −5, −4, −3, −2 and 

−1), equine-ATG (40 mg/kg/day, days −5, −4, −3 and −2) and 200 cGy of total body 

irradiation (TBI) (day −1). GVHD prophylaxis comprised tacrolimus on day −4 to 180 and 

mycophenolate mofetil (MMF) on day 0 to 100.

On day 0, patients received a CD34+-selected (Miltenyi CliniMACS Prodigy®, Miltenyi 

Biotec, Bergisch Gladbach, Germany) granulocyte stimulating growth factor (G-CSF)-

mobilized haplo donor allograft combined with a single UCB unit. The haploidentical cells 

were infused first, immediately followed by infusion of the cord blood unit. All patients 

received subcutaneous G-CSF at a daily dose of 5 μg/kg from day + 1 until neutrophils ≥ 

500/μl.

End-points and statistical analysis

The primary end-point was neutrophil recovery by day 42. Secondary outcomes are 

described in the Supporting Information. We used a Simon’s minimax two-stage design29 to 

test the null hypothesis that the proportion of patients achieving the primary end-point was 

60% or lower. A sample size of 26 patients engrafted by day 42 out of up to 35 patients were 

needed for a type I error of 0·05 and 80% power if the engraftment probability was 80% or 

higher. The enrolment was closed after 28 out of 29 patients engrafted by day 42 because the 

study met the primary objective and rejected the null hypothesis for the primary end-point 

(P < 0·0001). All surviving patients have completed at least four years follow-up as of 1 

October 2020.
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Overall survival and GVHD/relapse-free survival (GFRS), were calculated by the Kaplan–

Meier method.30 Cumulative incidences of engraftment, full donor chimaerism, and GVHD 

were estimated by considering deaths as competing risk.31 The log-rank test and the 

Gray’s test were used to compare survival probabilities and cumulative incidences between 

subgroups, respectively.32 Haematopoietic recovery and survival were correlated with 

transplant-related characteristics. Statistical analysis was performed using R version 4·0.2 

(R Foundation for Statistical Computing, Vienna, Austria; https://www.r-project.org/).

Results

Patient characteristics

Between July 2008 and September 2016, 29 patients with SAA or SAA evolved to MDS 

underwent conditioning and transplantation with haploidentical CD34+ cells selected from 

peripheral blood combined with a single UCB unit (haplo cord transplantation). Patient 

characteristics prior to transplant are summarized in Table I. The median age was 20 

years (range 4–48) and 15 (52%) were women. All patients had failed prior IST, and 

14 (48·3%) had also failed eltrombopag therapy, with a median of three (range 1–5) 

prior treatment courses. With the exception of two patients treated with alemtuzumab 

and eltrombopag, all had received prior treatment with ATG/CSA. Nine (31%) patients 

had a paroxysmal nocturnal haemoglobinuria (PNH) clone with a median of 14·8% 

glycosylphosphatidylinositol (GPI)-negative neutrophils. The median pre-transplant ANC 

was 270/μl (IQR: 90–350). Patients were heavily transfused with markedly elevated ferritins 

(median 3495 μg/l, range 980–21465). Eleven (38%) patients were allo-immunized with 

HLA class I and/or class II antibodies. None of these HLA antibodies were donor-directed. 

The median time from diagnosis of SAA or MDS to transplantation was 39 months (range 

6–139).

Among 10 patients with SAA evolved to MDS, the median BM cellularity pre-transplant 

was 7·5% (IQR 5% to 10%), the median age-adjusted IPSS-R score was 5·1 (IQR 4·9–

5·3), the median blast% was 2% (range 1–4%), with 9/10 (90%) patients being transfusion-

dependent for red blood cells and/or platelets. Prior to transplant, seven out of the eight 

MDS patients had failed to respond to standard IST with ATG/CSA; seven of these patients 

also received eltrombopag and two received alemtuzumab as part of the prior therapy. None 

of these patients had received other MDS therapies [immunomodulatory drugs (IMIDs), 

hypomethylating agents, or chemotherapies].

Transplant Characteristics

Donor and graft characteristics are shown in Table II. Haploidentical related donors were 

the recipient’s parents (62%), siblings (17%), children (7%), aunt (7%) and cousin (7%). 

Twenty-four (83%) patients were at risk of cytomegalovirus (CMV) reactivation (either 

patient or haplo donor IgG seropositive for CMV). Transplanted UCB units contained (prior 

to thawing) a median 3·5 × 107 TNCs/kg [interquartile range (IQR) 2·8–4·1], a median 

1·4 × 105 CD34+ cells/kg (IQR 1·1–2·0), and a haplo CD34+-selected graft containing a 

median 3·2 × 106 CD34+ cells/kg (IQR, 3·0–3·3) and a median 1·0 × 103 CD3+ cells/kg 

(IQR, 0·6–1·7). Eighteen (62%) patients received a 4/6, 10 (35%) patients received a 5/6, 
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and one (3%) patient received a 6/6 HLA-matched UCB-unit. High-resolution HLA typing 

showed that eight (28%) patients had a UCB graft matched to the recipient at ≥ 6/8 HLA 

alleles, 16 (55%) matched at 5/8 and five (17%) matched at less than 5/8 HLA alleles. 

Nine (31%) patients received grafts with killer immunoglobulin-like receptor (KIR) ligand 

incompatibility in the haplo-versus-cord direction (defined as the presence of a KIR ligand 

in the haplo donor graft that was absent in the UCB unit at HLA epitopes Bw4, HLA-C 

group 1, HLA-C group 2, and/or HLA-A3/A11).

Haematopoietic recovery

Twenty-eight patients had neutrophil recovery by day 42, with sustained engraftment 

associated with transfusion independence in 27 patients. The only patient who failed to 

engraft had an ANC > 500/μl for two consecutive days but unable to meet criteria for 

neutrophil recovery due to early death at day 21 from bacterial sepsis. The cumulative 

incidence of neutrophil recovery was 97%, and occurred at a median 10 days (range 9–28; 

Fig 1A). Twenty-seven (93%) patients had platelet recovery at a median 32 days (range 

15–134; Fig 1B). Despite a high proportion of patients being highly HLA-allo-immunized 

and heavily transfused, only one patient experienced secondary graft failure. This patient 

underwent a salvage dual cord transplant and survives 6·5 years post-transplant.

Chimaerism analysis and cord engraftment

Chimaerism results are shown in Fig 2. Most patients (22/29, 76%) initially had high 

percentages of myeloid chimaerism coming from the haplo donor, followed by a gradual 

decrease in haplo donor myeloid chimaerism in association with increasing cord myeloid 

chimaerism over the next 3–6 months (Fig 2A, Figure S1A). For these patients, early haplo 

donor myeloid chimaerism was completely replaced by full cord myeloid chimaerism at 

a median 81 days (range 14–464). A total of 24 (83%) patients ultimately achieved a 

calculated cord ANC ≥ 500/μl (median 42 days, range 28–514) (Fig 2B). The majority of 

patients (23/29, 79%) also achieved full cord T-cell chimaerism (median 19 days, range 

14–100: Fig 2C–D). However, in some cases, persistent mixed T-cell chimaerism from both 

the cord blood unit and the recipient was observed for several years following the transplant 

(Figure S1B). Three (10%) patients who never engrafted with the cord had persistent and 

sustained full haplo donor myeloid chimaerism with haplo-only engraftment occurring by 

day 14. Notably, these three patients had ≥ 95% recipient T-cell chimaerism for the first 

three months and their T-cell chimaerism from the recipient remained high or became 

mixed with T-cell chimaerism from the haplo donor at one year (Figure S1C). One patient 

with delayed cord engraftment had a unique chimaerism pattern, with myeloid chimaerism 

switching from haplo to cord origin in the context of T-cell chimaerism switching from cord 

to haplo origin (Figure S1D).

An analysis of patient- and transplant-related factors showed that age at transplant, UCB 

graft cell doses and HLA match did not impact the cord engraftment. However, KIR ligand 

incompatibility in the haplo-versus-cord direction had a negative impact on cord myeloid 

engraftment and appeared to delay the time until full cord myeloid chimaerism occurred. 

The cumulative incidence of cord engraftment was significantly higher and the time to cord 

engraftment was shorter in patients receiving transplants without haplo-versus-cord KIR 
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ligand incompatibility, compared to those receiving transplants with incompatibility (90% 

vs 67%, median 42 vs 265 days, P = 0·015; Fig 2E). A further analysis controlling for 

cord HLA match to the recipient showed that haplo-versus-cord KIR incompatibility was 

associated with delayed cord engraftment and cord graft failure among patients receiving 

cord blood units that had a lower degree of HLA match (≤5 out of eight alleles, P = 0·019; 

Fig 2F). The analysis of time to full cord myeloid chimaerism showed similar results (Figure 

S2). Importantly, when chimaerism was analyzed in natural killer (NK) and myeloid subsets, 

haplo donor NK cells and haplo donor myeloid cells were detectable at lower levels and for 

a shorter duration in those without haplo-versus-cord KIR ligand incompatibility compared 

to those with incompatibility where both the percentage and persistence of haplo donor NK 

cells and myeloid cells was greater (Figure S3).

Viral reactivation, GVHD and survival

Analysis of T cells, NK cells, B cells and immunoglobulin levels showed the majority 

of patients had immune reconstitution by one year post-transplant (Fig 3). Most patients 

had at least one viral-associated infectious episode that was not life-threatening. Among 

those at risk, 19/24 (79%) developed CMV reactivation post-transplant (median time to first 

CMV reactivation 27 days, range 9–77). Epstein–Barr virus (EBV) reactivation occurred 

in 26 patients with 21 treated with rituximab. Three patients developed post-transplant 

lymphoproliferative disease (PTLD): two cases resolved following rituximab, and the third 

case progressed after rituximab but resolved completely following treatment with the 

third-party EBV-reactive cytotoxic T lymphocytes (CTLs). The rapid neutrophil recovery 

that occurred with this regimen may have protected patients from early transplant-related 

bacterial and fungal mortality: death from opportunistic bacterial or fungal infection did not 

occur in 28/29 patients while only one patient who was still neutropenic on day 21 died from 

bacteraemia (sphingomonas).

The cumulative incidence of grade II–IV GVHD and grade III–IV acute GVHD were 21% 

and 7%, respectively (Fig 4A). There were no GVHD-related deaths and none of the acute 

GVHD cases were grade IV or steroid-refractory. The cumulative incidence of chronic 

GVHD was 41%, with 34% mild, 7% moderate and no severe cases (Fig 4B).

At day 200, 28 patients (97%) survived and the one-year overall survival was 93% (95% 

CI, 84–100). With a median follow-up of 7·5 years (range 4·0–12·2), 24 patients survived 

transfusion-free with an overall survival of 83% (95% CI, 70–98; Fig 4C). Opportunistic 

infection accounted for 4/5 deaths, three were viral in aetiology and occurred after day 

200 [two CMV pneumonitis, one John Cunningham (JC) virus encephalitis]. One patient 

died of limbic encephalitis on day 402 with a brain biopsy not revealing evidence for an 

active infectious process. There was no relapse or secondary malignancy observed during 

follow-up. The one-year and seven-year GVHD-free/relapse-free survival (GRFS) were 

76% (95% CI, 62–93) and 69% (95% CI, 54–88), respectively (Fig 4D). No patient- or 

transplant-related characteristics were statistically significantly associated with neutrophil 

and platelet engraftment, GVHD, and survival. With a median follow-up of 6·9 years, all the 

MDS patients were in remission after transplant, monitored by regular BM biopsies, with 

none receiving any post-transplant therapy directed at malignant clones. None of the MDS 
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patients relapsed or had recurrence of malignant clones, and their haematopoietic recovery, 

chimaerism and survival were not statistically different compared to the outcomes in SAA 

patients (Figure S4).

Discussion

To our best knowledge, this is the largest prospective study of a single transplant regimen 

that combines haploidentical and cord blood transplantation for patients with SAA and 

hypoplastic MDS.

For patients with SAA and other BM failure syndromes who fail first-line IST and 

lack an HLA-matched donor, haematopoietic SCT using mismatched alternative stem-cell 

sources, such as cord blood or haploidentical donors, represents a viable salvage treatment 

option.8 Although recent studies on haplo transplants using high-dose post-transplant 

cyclophosphamide have been associated with very low mortality and GVHD rates,6,7 the 

results for engraftment and overall survival with haploidentical transplantation have varied 

considerably across different centres using different conditioning regimens.11–13 UCBTs 

have the advantage of being rapidly available and are associated with a low incidence of 

GVHD. However, largely due to the low stem-cell numbers, UCBTs for SAA have been 

associated with delayed haematopoietic recovery and high incidences of graft failure and 

transplant-related mortality.15,17 We designed this phase 2 study with the primary objective 

to investigate whether combined haplo cord transplantation would improve engraftment 

and expedite neutrophil recovery, which would be expected to reduce complications and 

mortality associated with delayed haematopoietic recovery. Because patients with SAA and 

hypocellular MDS share a similar pathophysiology and have previously been shown to have 

similar outcomes following IST and allogeneic SCT using HLA-matched siblings,28,33 we 

included both groups of patients in this trial. The outcome of this study fully supported our 

hypothesis. We observed rapid haematopoietic recovery in the cohort of 29 patients who 

underwent haplo cord transplantation, with 97% achieving neutrophil recovery at a median 

10 days and 93% achieving platelet recovery at a median 32 days. The excellent engraftment 

rate observed in our study may be due in large part to the highly immunosuppressive nature 

of the chemotherapeutic agents (cyclophosphamide, fludarabine), ATG, and low-dose TBI 

utilized in the conditioning regimen.34 More importantly, compared to historical studies of 

cord blood transplantation in SAA patients,15–17 survival of recipients undergoing haplo 

cord transplants was markedly improved with 93% surviving at one year and with a 

median follow-up of 7·5 years, 83% survived and remained transfusion-independent. In 

addition, most patients responded to pre-emptive antiviral therapy and ultimately achieved 

immunologic recovery within one year post-transplant. Further, the incidence of grade III 

acute GVHD and moderate chronic GVHD were both very low at 7%, and no patients 

developed grade IV or steroid-refractory acute GVHD, severe chronic GVHD, or GVHD-

related death. Using a composite end-point that included graft failure/relapse, severe 

GVHD and mortality, the estimated one-year and seven-year GRFS were 76% and 69%, 

respectively.

While this haplo cord transplant approach was associated with fast haematopoietic recovery 

and durable engraftment, engraftment patterns and profiles differed dramatically compared 
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to conventional transplant approaches using stem cells from cord sources or from a haplo 

donor alone. In the majority of transplants, early T-cell chimaerism was predominantly cord 

in origin and was sustained. By contrast, early myeloid chimaerism after transplant was 

largely from the haplo donor, which gradually transitioned to full myeloid chimaerism from 

the UCB. These data are consistent with engrafting cord T cells mounting a gradual graft-

versus-haematopoietic cell effect against engrafted haplo CD34+ progenitor cells, leading to 

their immunologic eradication. In three patients, early and durable engraftment was achieved 

only from transplanted CD34+ cells from the haploidentical donor. Taken altogether, these 

results suggest transplanted haploidentical CD34+ cells serve two purposes: (i) to overcome 

delayed haematopoietic recovery associated with transplants using UCB alone; and (ii) to 

work as a back-up stem cell source, which can salvage the transplant and result in sustained 

engraftment from the haplo donor in the event of cord graft failure.

In an analyses of factors related to haematopoietic recovery and survival, there was no 

evidence that patient- or transplant-related characteristics, including the patient’s age at 

transplant, degree of HLA matching and cell doses of the UCB and haplo donor grafts, or 

HLA allo-immunization, impacted transplant outcomes. However, we identified that KIR 

ligand incompatibility in the haplo-versus-cord direction had a significant negative impact 

on cord engraftment.27 In the setting of allogenic haematopoietic stem-cell transplants, prior 

studies have reported KIR ligand incompatibility can impact transplant outcomes, which 

appeared most evident with CD34+-selected haplo transplantation.35–38 In the haplo cord 

transplant setting, competition for engraftment exists between two separate allografts, best 

evidenced in cases where early myeloid haplo engraftment transitions to and is ultimately 

replaced by cord engraftment. We observed that when haplo-versus-cord KIR ligand 

incompatibility existed, cord myeloid engraftment was hindered and haplo engraftment was 

favoured, with high percentages of haplo donor myeloid chimaerism persisting of delayed 

cord myeloid chimaerism. These data suggest haplo-versus-cord KIR ligand incompatibility 

produced an environment where alloreactive NK cells derived from transplanted haplo 

donor CD34+ cells suppressed or in some cases completely eliminated cord blood stem 

cells (Figure S3). Our NK cell chimaerism data showing a greater number and prolonged 

persistence of haplo-NK cells in the context of haplo-versus-cord KIR ligand incompatibility 

further supports this theory. Further, in two of the three patients who never had cord 

engraftment, in the only patient with secondary graft failure, and in several of the cases with 

delayed cord engraftment (Figure S1C and D), haplo-versus-cord KIR ligand incompatibility 

was present. These results suggest allografts should be selected that avoid haplo-versus-cord 

KIR ligand incompatibility to expedite cord myeloid engraftment and reduce the risk of cord 

graft failure.

Our study is not without limitations. Our haplo cord transplantation approach incurs 

additional technical challenges and expense compared to conventional transplants, including 

the need to transplant two allografts including one that must be CD34+ selected. In this 

regard, there have been other recently reported transplant approaches based on using two 

sources of grafts from haploidentical haematopoietic stem-cells combined with umbilical 

cord-derived mesenchymal stem cells.39 Haplo-transplants using high-dose post-transplant 

cyclophosphamide,6,7 or when available, cord transplants using one or two UCB units with 

a high cell dose18 potentially represent more convenient, alternative strategies. Further, 
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transplantation of a single UCB unit that has undergone ex vivo expansion in nicotinamide 

is currently being explored, potentially obviating the need for transplanting CD34+-selected 

cells from a haplo donor.40 Finally, our results are based on 29 patients transplanted at a 

single centre, and will require validation in a larger cohort and other transplant centres.

In conclusion, for IST-refractory SAA and SAA clonally evolved to MDS, transplantation 

of haploidentical CD34+ cells combined with cord blood achieved rapid and sustained 

engraftment, low rates of severe GVHD, and excellent long-term survival. This haplo cord 

transplantation regimen appears to represent a viable treatment option for SAA patients 

failing IST who lack an HLA-matched donor.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Cumulative incidence of neutrophil and platelet recovery. (A) neutrophil recovery; (B) 

platelet recovery.
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Fig 2. 
Chimaerism and cord engraftment. (A) Median per cent myeloid chimaerism; (B) 

cumulative incidence of cord engraftment [cord absolute neutrophil count (ANC) ≥ 500/μl] 

and full cord myeloid chimaerism; (C) median per cent T-cell chimaerism; (D) cumulative 

incidence of full cord T-cell chimaerism; (E) cumulative incidence of cord engraftment (cord 

ANC ≥ 500/μl) by haplo-vs-cord KIR ligand incompatibility (E) and by haplo-vs-cord KIR 

ligand incompatibility and cord human leucocyte antigen match to the recipient (F).

Childs et al. Page 13

Br J Haematol. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig 3. 
Immune reconstitution of lymphocytes, T-cells, NK- cells, B-cells and immunoglobulin 

levels. (A) absolute lymphocyte count, (B) CD3 T-cells, (C) CD4 T-cells, (D) CD8 T-cells, 

(E) NK cells, (F) CD19 B-cells, (G) IgA levels, (H) IgG levels.
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Fig 4. 
Cumulative incidence of GVHD, overall survival, and GVHD/relapse-free survival (GRFS). 

(A) acute GVHD, (B) chronic GVHD, (C) overall survival, (D) GRFS. Dash lines in (C-D) 

indicated the 95% confidence interval for overall survival and GRFS.
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Table II.

Transplant characteristics (n = 29).

Characteristic n (%) or median (IQR)

Relationship of haplo donor to recipient

 Father 9 (31%)

 Mother 9 (31%)

 Aunt 2 (6·9%)

 Brother 3 (10·3%)

 Sister 2 (6·9%)

 Cousin 2 (6·9%)

 Daughter 1 (3·4%)

 Son 1 (3·4%)

Haplo donor age (years), median (range) 38 (15–62)

Haplo CD34+ cell dose × 106/kg 3·2 (3·0–3·3)

Haplo CD3+ cell dose × 103/kg 1·0 (0·6–1·7)

CMV at risk 24 (82·8%)

(haplo donor+ or recipient+)

Cord TNC dose × 107/kg (prior to thawing) 3·5 (2·8–4·1)

Cord CD34+ dose × 105/kg (prior to thawing) 1·4 (1·1–2·0)

Cord HLA match (out of 6*)

 6/6 1 (3·4%)

 5/6 10 (34–5%)

 4/6 18 (62·1%)

Cord HLA match (out of 8*)

 ≥ 6/8 8 (27·6%)

 5/8 16 (55·2%)

 <5/8 5 (17·2%)

Haplo-vs-cord KIR ligand incompatibility† 9 (31%)

CMV, cytomegalovirus; HLA, human leucocyte antigen; IQR, interquartile range; KIR; TNC, total nucleated cells.

*
Out of 6 HLA (serologic HLA-A, -B, and allele level -DR loci) and out of 8 HLA alleles (high resolution HLA-A, -B, -C, and -DR loci).

†
Haplo-vs-cord KIR ligand incompatibility defined as the presence of a KIR ligand in the haplo donor graft that was absent in the umbilical cord 

blood (UCB) unit at HLA epitopes Bw4, HLA-C group 1, HLA-C group 2, and/or HLA-A3/A11.
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