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Abstract

The time to neutrophil engraftment for adult patients after myeloablative double unit umbilical 

cord blood (UCB) transplantation is 23 days when the two units are given i.v. We hypothesized 

that the intra-BM injection (IBMI) of one of the two UCB units would reduce systemic loss of 

hematopoietic progenitors and shorten time to neutrophil recovery after myeloablation. Ten 

patients with a median age of 35 years were transplanted. The unit to be given by IBMI was 

randomly assigned; the other unit was given i.v. The median infused graft total nucleated cell dose 

was 3.7 × 107/kg with no difference between i.v. and IBMI units. All patients tolerated the 

procedure well, and there was no severe adverse event related to IBMI. The median time to 

neutrophil engraftment and plt recovery >50 000/μl was 21 and 69 days, respectively. In all, 9 of 

10 patients engrafted, 5 with the i.v. unit and 4 with the IBMI unit; 7 of 8 evaluable patients 

developed acute GVHD and 5 of 10 patients died from treatment-related causes. Survival was 47% 

at 1 year. Despite safety of administration, IBMI of one of two UCB units did not shorten the time 

to neutrophil engraftment and offers no advantage over conventional double unit transplantation.
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Introduction

Umbilical cord blood (UCB) is increasingly used as a source of hematopoietic stem cells for 

adults as well as children. It is well established that the time to neutrophil engraftment after 

Correspondence: Dr CG Brunstein, Department of Medicine, University of Minnesota, Mayo Mail Code 480, 420 Delaware Street SE, 
Minneapolis, MN 55455, USA., bruns072@umn.edu. 

HHS Public Access
Author manuscript
Bone Marrow Transplant. Author manuscript; available in PMC 2016 December 15.

Published in final edited form as:
Bone Marrow Transplant. 2009 June ; 43(12): 935–940. doi:10.1038/bmt.2008.417.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



UCB transplantation (UCBT) is substantially delayed as compared with both BM and 

mobilized peripheral blood transplantation with neutrophil recovery after UCBT, taking a 

median of 7–10 days longer than alternative unrelated stem cell sources.1–3 In addition to 

lower hematopoietic progenitor cell doses, differences in maturational and hematopoietic 

homing factors may be involved in this engraftment delay.4

Animal models have suggested that injection of hematopoietic stem cells directly into the 

BM space can improve homing and engraftment after transplantation.5–9 This effect may be 

attributed to a higher proportion of hematopoietic stem cells reaching the BM 

microenvironment10 as well as to enhanced colonization and migration to other bones.6,8 

Therefore, in an attempt to reduce nonspecific losses of UCB hematopoietic stem cells when 

it is administered i.v., we evaluated the safety and feasibility of UCB intra-BM injection 

(IBMI). However, to enhance patient safety, we used a double unit platform with only one 

unit being injected with IBMI and the other i.v. as an ‘in vivo backup.’ Our hypothesis was 

that IBMI would confer a selective advantage as suggested in animal models resulting in (1) 

faster neutrophil recovery and (2) an increased likelihood that the IBMI unit would 

predominate in engraftment. In addition, we hypothesized that the procedure could be 

carried out safely on the basis of prior experience with IBMI of BM.11

Patients and methods

Patients

Between July 2005 and September 2007, we conducted a phase I–II study to assess the 

safety and potential efficacy of UCB IBMI following myeloablative conditioning. Ten 

patients with a median age of 35 years (range, 20–44), who had advanced or high-risk 

hematological malignancies12 and who required two UCB units to achieve a graft total 

nucleated cell (TNC) dose ≥3.0 × 107/kg, were eligible. Thirty-one patients were screened 

but were ineligible because of an inability to tolerate myeloablation (n = 12), unwillingness 

to participate (n = 11), disease relapse (n = 3), a double unit graft not being required (n = 2), 

body habitus unsuitable for IBMI (n = 2), and unsuitability of unit volume reduction owing 

to the high red blood cell content (n = 1). The study was approved by the University of 

Minnesota Cancer Protocol Review Committee and Institutional Review Board, and 

registered at clinicaltrials.gov as NCT00295880. All patients provided informed consent 

according to the principles of the Declaration of Helsinki.

UCB unit selection

Umbilical cord blood units were matched with the patient and with each other at ≥4/6 HLA-

A, B antigens and HLA-DRB1 alleles. Each of the two UCB units was required to have a 

minimum cryopreserved TNC of 1.5 × 107/kg. Methodology of HLA typing has been 

detailed elsewhere.1

UCB unit processing and randomization

Before the initiation of the preparative regimen, units were shipped to the University of 

Minnesota Medical Center Cell Therapy Laboratory in a dry shipper cooled by liquid 
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nitrogen (temperature < −150 °C). They were maintained in the vapor phase of liquid 

nitrogen until the day of transplantation.

Units were thawed and washed according to previously established techniques.13 Units were 

randomized to either IBMI or i.v. administration. The IBMI unit was resuspended in 

approximately 40 ml, and two approximately 20 ml aliquots were administered individually 

into each posterior superior iliac crest. Subsequently, the i.v. unit was administered within 30 

min.

IBMI technique

All patients were pre-medicated with acetaminophen and diphenhydramine, and given mild 

sedation with i.v. lorazepam and morphine at the bedside. Vancomycin as antibiotic 

prophylaxis was administered prior to the procedure. Under sterile technique with the patient 

in the prone position, local anesthesia with 1% lidocaine was injected into each posterior 

superior iliac crest. Marrow aspiration needles of 15-gauge 2-inch measurement were used 

for IBMI (Angiotech, Gainesville, FL, USA). Only a single puncture to position the needle 

in the marrow space was permitted in each hemi-pelvis, with needle positioning confirmed 

by aspirating approximately 1–2 ml of marrow. Using a 20 ml syringe with a Luer lock, the 

UCB was infused into the marrow space over approximately 10 min (1–2 ml/min). During 

the infusion, oxygen saturation was monitored continuously with vital signs every 15 min 

for 1 h. After infusion was completed, direct pressure was applied to each IBMI site for 10 

min/side. Patients were formally re-evaluated at 24 h and 7 days after the IBMI for evidence 

of local complications.

Treatment

The conditioning regimen consisted of CY 60 mg/kg i.v. every 24 h on days −7 and −6, 

fludarabine 25 mg/m2/day i.v. every 24 h on days −8, −7 and −6, and TBI 165 cGy twice 

daily on days −4 to −1. All patients received CYA twice daily from day −3 for at least 3 

months with target trough levels of 200–400 ng/ml and mycophenolate mofetil at 1 g i.v. or 

orally twice daily from day −3 to +30. Supportive care has been described earlier.1,14

Statistical considerations

The primary study end point was the day to neutrophil recovery with the primary objective 

being to show a 5-day reduction in median time to neutrophil recovery compared with our 

institutional historical control of 23 days (range 15–41) observed in recipients of two UCB 

units administered i.v.1 Neutrophil recovery was defined as the first of three consecutive 

days with ANC ≥500/μl. The second aim was to establish the safety and tolerability of the 

IBMI technique. The other secondary end points used to describe which unit was 

responsible for sustained donor engraftment using this transplant strategy included the 

cumulative incidence of plt recovery ≥50 000/μl, the incidences of acute GVHD at day 100 

and chronic GVHD at 1 year and TRM at 6 months and the probabilities of overall survival 

at 1 year.

Event times for neutrophil recovery were measured from the date of transplantation and 

were censored for death or disease progression before day 21 without neutrophil recovery. 
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Primary graft failure was defined as lack of neutrophil recovery (ANC ≥500/μl) at day 42. 

Total donor engraftment was defined as the percentage of cells derived from both units. 

Diagnosis of acute and chronic GVHD was based on standard clinical criteria with 

histopathologic confirmation where possible.15

Days to neutrophil and plt recovery were reported as medians and ranges. Cumulative 

incidence was used to estimate the rate of neutrophil recovery and plt recovery treating non-

event deaths as a competing risk.16 The statistical end point of overall survival was estimated 

by the Kaplan–Meier method.17 The WBC and ANC counts over time were reported as 

averages with 95% confidence intervals derived from the standard error. Calculation of the 

likelihood of achieving the primary objective, given the results of the first 10 patients, was 

performed by assuming a normal distribution of days to engraftment. Conditioning on an 

average rate of engraftment of 25.6 days in the first 10 patients and an standard deviation of 

10.7, the probability of an overall average of 18 days or less was calculated from the normal 

distribution tables assuming a true average rate of engraftment of 18 days.

Results

Patient and graft characteristics

Twelve patients were eligible and enrolled into the study, but two were subsequently 

disqualified because the IBMI unit could not be adequately volume reduced in one and unit 

randomization did not occur in the other. Therefore, 10 patients received UCBT by IBMI. 

Patient and graft characteristics are summarized in Table 1. The median recipient age was 35 

years (range 20–44) and median weight was 73.6 kg (range 56–92). The median infused 

TNC dose of the graft was 3.7 × 107/kg (range 2.9–5.3) (i.v. unit median infused TNC was 

2.0 × 107/kg (range 1.2–3.0) and that of the IBMI unit was 1.8 × 107/kg (range 1.4–3.4)). 

HLA matching of the i.v. and IBMI units to the recipient (although not dictated per protocol 

design) was the same in all cases; one patient received two 6/6 units, two received two 5/6 

units and seven received two 4/6 units.

IBMI safety and tolerability

All patients were awake and tolerated the IBMI procedure well with a median maximal pain 

score (scale 0–10) during the infusion of 3.5 (range 0–7). The level of discomfort was no 

greater than, and in some cases less than, that previously experienced with BM aspirates. It 

is noted that pain improved by slowing down the IBMI and resolved promptly after 

completing the procedure.

None of the patients had any discernible adverse event from the IBMI procedure. The 

median oxygen saturation prior to IBMI was 100% (range 98–100%) and 1 h post IBMI was 

100% (range 97–100). The median respiratory rate prior to IBMI was 18/min (range, 16–22) 

and 1 h post IBMI was 17/min (range, 16–24). The median heart rate prior to IBMI was 

95/min (range, 52–114) and 1 h post IBMI was 83/min (range, 53–99). The median blood 

pressure prior to and 1 h post IBMI were 121/76 mm Hg (range, 104–158/56/91) and 131/79 

mm Hg (range, 105–160/69–93), respectively. Inspection of the IBMI sites showed healing 
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and no local pain, mass, erythema or increase in skin temperature at 24 h and 7 days after 

the procedure.

Hematopoietic recovery

The median time to neutrophil engraftment and plt recovery >50 000/μl was 21 (range 17–

49) and 69 (range 30–272) days, respectively (Figures 1a and b). The median WBC count 

and ANC over time for all patients are shown in Figures 2a and b, respectively. One patient 

died of graft failure. All of the nine patients who engrafted showed complete chimerism with 

a single unit that was accounted for by the IBMI unit in four patients and by the i.v. unit in 

five patients, respectively. Further, the pattern of chimerism was not different from that seen 

with i.v. double unit UCBT. At days 21–28, the median total donor chimerism was 100% 

(range, 84–100) with only three patients showing engraftment of both units. Subsequently, 

donor engraftment was accounted for by a single unit.

Outcomes

Patient outcomes are summarized in Table 2. Seven of eight evaluable patients developed 

acute GVHD. Five patients developed grade II and two patients developed grade III acute 

GVHD. Chronic GVHD was observed in two of seven patients at risk. In all, 5 of 10 patients 

died from treatment-related causes: 2 from infection, 1 from hemorrhage, 1 from graft 

failure and 1 from acute GVHD. One patient relapsed 127 days after UCBT. However, after 

tapering the immunosuppression and treatment with rituximab, this patient remains alive and 

disease free now 22 months after transplantation. Of the patients engrafting, four of nine are 

alive at a median follow-up of 10 months (range 3.4–31). The probability of survival was 

47% (95% confidence interval: 14–80) at 1 year (Figure 3).

Interim analysis

We expedited an interim analysis that had been planned after 17 patients had been enrolled. 

Our primary objective was to show a 5-day improvement in time to neutrophil recovery over 

the historical control group when two UCB units were given i.v. (median 23 days).1 We 

observed a median time to neutrophil engraftment in the first 10 patients of 21 days (range 

17–49). For the interim analysis, we tested two hypotheses to assess the futility of a 

definitive result given the planned trial size of 29 patients. If we assumed that the patients do 

benefit from the IBMI infusion, the probability to achieve an average engraftment rate of 

14.6 days or less among the remaining 19 patients is 0.02 (2%). As this hypothesis was 

unlikely, the study was closed for statistical projection of futility.

Discussion

Our study has a number of significant findings. First, we observed that the procedure of 

IBMI at the bedside was both safe and well tolerated. This is similar to what was reported by 

Hagglund et al.11 who described nine patients who received a sibling marrow graft by IBMI. 

However, in their series, one patient was unable to receive the whole graft by IBMI owing to 

pain. As patients may have a variable tolerance to pain, different supportive care may be 

needed, but our experience suggests that only light i.v. sedation is sufficient for the majority 
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of individuals. Interestingly, Frassoni et al.18,19 recently reported IBMI after patient sedation 

with i.v. propofol. Our findings show that such anesthesia is not necessary.

Interestingly, despite the UCB unit being thawed and washed as described by Rubinstein et 
al.,13 the distinct odor of the residual dimethyl sulfoxide was noticed in the room in all 

patients within minutes of starting the IBMI infusion, suggesting that, after infusion into the 

marrow space, the UCB product reaches the systemic circulation quickly. This observation 

supports the notion that there was a potential risk of fat embolism. However, none of the 

patients developed clinical signs or symptoms of fat embolism such as chest pain, tachypnea 

or decreased oxygen saturation. This suggests that our IBMI infusion rate was safe and that 

if any fat embolized, it was not clinically apparent or meaningful.

The second major observation is the lack of any suggestion of superiority of IBMI over i.v. 

infusion in the double unit setting. The objective of achieving a 5-day reduction in median 

time to neutrophil recovery, compared with our institutional historical control of 23 days in 

recipients of two UCB units administered i.v.,1 was based on what would be a clinically 

meaningful difference that would lead us to consider a change in our clinical practice. 

Importantly, a shortening from 23 to 18 days would bring the time to neutrophil recovery 

after UCB, similar to that after unrelated adult BM or peripheral blood.20

The median time to neutrophil (21 days) and plt recovery (69 days) observed in this study is 

comparable with what we have reported earlier when both units are infused i.v.1,21 with no 

predominance in engraftment of the IBMI unit. Frassoni et al.18,19 report a similar time to 

neutrophil engraftment (median 23 days) but substantially faster time to plt recovery 

(median 38 days) with IBMI of a single UCB unit. This group has suggested that IBMI 

provides for faster colonization and subsequent seeding of the marrow space by donor cells 

accounting for the improved hematopoietic recovery.

There are important differences between our study and the one by Frassoni et al.18,19 that 

could contribute to varying results: we used a double unit graft and a single conditioning 

regimen, whereas Frassoni et al.18,19 used a single unit graft and multiple conditioning 

regimens that included anti-thymocyte globulin; our total infused TNC dose (a factor known 

to influence engraftment22) was a median of 3.7 × 107 and 1.8 × 107/kg for the IBMI unit as 

compared with 2.3 × 107/kg, and we used a single 20ml IBMI injection on each side as 

compared with four 5ml injections on the same side in the study by Frassoni et al.18,19 

Nonetheless, our findings do not support any assertion of superiority of the IBMI approach.

Most patients in our IBMI study developed acute GVHD, which may be associated with the 

utilization of the double unit grafts as reported earlier.1,14,23 In contrast, Frassoni et al.,18,19 

reported that only 3 of 29 patients who received IBMI UCBT with a single unit developed 

acute GVHD. However, the incidence of acute GVHD reported by Frassoni et al.19 was low 

even if compared with children receiving conventional single unit UCBT and may be 

accounted for by their use of anti-thymocyte globulin. Survival in this study was consistent 

with our original report of transplantation with two partially HLA-matched UCB units,1 and 

was similar to the series by Frassoni et al.18,19 that reported 16 of 29 patients alive after a 
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median follow-up of 7.5 months with no suggestion of an advantage using the IBMI 

approach.

In summary, despite showing the safety and tolerability of the IBMI technique with no 

adverse events associated with this route of administration, our data suggest that IBMI is 

only a more cumbersome and uncomfortable method to infuse a UCB unit in the setting of 

UCB transplantation with two units. Our study was therefore aborted because of the futility 

of meeting the primary objective. We speculate that potential reasons for not observing 

improved engraftment that was expected from reports of IBMI in murine transplant models 

may include the following: (1) our method of IBMI was suboptimal, leading to disruption of 

the marrow microenvironment24 (that is, rate was too fast or volume was too great for the 

iliac bones, thus effectively performing i.v. infusion), and (2) the total UCB TNC dose was 

relatively high, limiting any meaningful improvement in neutrophil or plt recovery. Given 

the likely biological differences between transplantation of one vs two UCB units, it is 

possible that IBMI might still be a valuable strategy in patients receiving a single UCB unit 

graft19 with simplicity and cost-effective advantages as compared, for example, with ex vivo 
expansion.

Taken together, these data suggest that the IBMI technique is safe but does not improve time 

to neutrophil recovery or provide an engraftment advantage for patients receiving two 

partially HLA-matched UCB units i.v. Further prospective studies would be needed to 

determine whether there is any real benefit in terms of engraftment and GVHD for patients 

receiving one UCB unit.
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Figure 1. 
(a) Neutrophil engraftment and (b) plt recovery ≥ 50 000/μl after myeloablative UCB 

transplantation with IBMI (—) and the historical controls who received two UCB i.v. (- - -).
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Figure 2. 
(a) Median ANC and (b) WBC count from day 0 until day 60 after IBMI. Solid line (—) 

denotes median and interrupted lines (- - -) denote the 95% confidence intervals.
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Figure 3. 
OS after double UCB transplantation with IBMI (—) and the historical controls who 

received two UCB IV (- - -).
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