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Umbilical cord blood transplantation (UCBT) has a high early mortality rate primarily related to 

transplanted stem cell dose. To decrease early mortality and enhance engraftment, a portion of 

selected cord blood units (20-50%) was expanded with cytokines and the copper chelator 

tetraethylenepentamine (carlecortemcel-L) and transplanted with the un-manipulated fraction after 

myeloablative conditioning. The primary endpoint was 100 day survival which was compared to a 

contemporaneous double-unit cord blood transplant (DUCBT) group. We enrolled 101 patients at 

25 sites; the DUCBT comparison (n = 295) was selected from international registries using study 

eligibility criteria. Baseline carlecortemcel-L study group unit nucleated cell (NC) and CD34+ cell 

dose/kg were 3·06 × 107 and 1·64 × 105. Median NC and CD34+ fold expansion were 400 and 77, 

with a mean total CD34/kg infused of 9.7 × 105/kg. The 100 day survival was 84.2% for the 

carlecortemcel-L study group vs 74.6% for the DUCBT group [odds ratio 0.50 (95% CI 

0·26-0.95); p = 0.035]. Survival at day 180 was similar for the two groups; the major cause of 

death after day 100 was opportunistic infections. Faster median neutrophil (21 vs 28 days; p < 

0.0001), and platelet (54 vs 105 days; p =0.008) engraftment was seen in the carlecortemcel-L 

study group; acute and chronic GVHD rates were similar. In this multi-national comparative study, 

transplanting expanded CD34+ stem cells from a portion of a single UCB unit, with the remaining 

un-manipulated fraction improved 100 day survival compared to DUCBT controls while 

facilitating myeloid and platelet engraftment. This trial was registered at www.clinicaltrials.gov as 

#NCT00469729.
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Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT), potentially curative for patients 

with hematologic malignancies, is limited by the availability of suitably matched donors. 

Only 20-30% of patients have a human leukocyte antigen (HLA)-matched sibling and while 

HLA-matched unrelated donors (MUD) can now be identified for many, only 25% of 

patients from ethnic or racial minority groups have such donors.1–2 To address this unmet 

need, umbilical cord blood transplantation (UCBT) has been utilized as HLA matching 

criteria are not as stringent as other matched donor transplants.3–6 However, UCBT in adults 

is limited because the stem cell dose/kg is often only 10% of a typical transplant, frequently 

inadequate to achieve prompt hematopoietic reconstitution, causing high early morbidity and 

mortality.7 Increasing, related haploidentical HSCT are being used for patients without 

donors8–10, and while potentially curative for a number of hematologic malignancies, these 

transplants are associated with a high rate of graft rejection and relapse.

As infusing a higher number of HSC, identified as CD34+, leads to earlier engraftment for 

patients undergoing UCBT and thus potentially improving transplant outcome, several 

strategies are being explored to maximize infused CD34. The leading strategy to date has 

been to combine two UCBUs (double UCB, DUCBT)11–13; which is of advantage mainly in 

adults undergoing CBT if the cell dose in their single unit graft is < 3.5 107/kg, while in 

pediatric patients with appropriately sized (> 3.5 107/kg) single UCB unit there seems to be 
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no need for 2 cord blood units (CBUs)14–15. Another alternative is to transplant expanded 

HSC grown ex vivo from an UCB unit, increasing the infused CD34+ cell dose and thus 

facilitating engraftment and potentially improving transplantation outcome16. One of the 

first such methodologies evaluated is the method utilized in the current clinical trial. 

Specifically, carlecortemcel-L (StemEx®) is a stem/progenitor cell-based therapy product 

composed of ex vivo expanded allogeneic UCB cells expanded with cytokines and the 

copper chelator TEPA. Units selected from FACT/Netcord approved cord blood banks 

(CBB) were suitable for the study only if cryopreserved in two fractions. The larger (or 

equal) fraction, containing at least 1×107 total nucleated cells (TNC)/kg body weight to be 

served as the un manipulated fraction. While, HSC from the smaller (or equal) fraction to be 

expanded, underwent CD133+ selection followed by incubation for 21 days with 4 cytokines 

cocktail (SCF, TPO, IL-6 and FLT3-L), in order to promote proliferation, and the copper 

chelator TEPA, which inhibits transiently stem cell differentiation during the expansion 

period yielding a 225% expansion of the CD34+ HSC 17,18. The expanded product, enriched 

in early progenitor cells was then transplanted together with the remaining un-manipulated 

fraction.

Based on pre-clinical expansion efficacy an adult Phase I/II study was undertaken.19 Ten 

patients with hematological malignancies were transplanted with carlecortemcel-L and 

unfractionated NC from the same unit after myeloablative conditioning with impressively 

only a 10% 100 day mortality rate, significantly less than the 40% seen in other UCBT trials 

of that era20–24, without severe acute GvHD (aGVHD). Based on this scientific and clinical 

background, a multicenter concurrent cohort-controlled transplant study was undertaken 

with the primary end point to reduce the high 100 day mortality associated with UCBT.

Patients and Methods

Design and Study Population

The study was designed as a 100 patient cohort-controlled study to evaluate the efficacy and 

safety of transplantation of carlecortemcel-L, UCB stem and progenitor cells expanded ex 

vivo from a portion of a single UCB unit along with the remaining unexpanded cells, in 

patients with hematologic malignancies undergoing UCBT following myeloablative therapy. 

Outcomes were compared to a contemporaneous pre-specified cohort of all patients between 

the years 2006-2010 who underwent myeloablative non-expanded DUCB transplants and 

whose data were reported to the Center for International Bone Marrow Transplant Research 

(CIBMTR), and Eurocord cord blood registries. The final comparison group consisted of all 

such patients who met the same eligibility criteria as for the carlecortemcel-L study group. 

The study was a multicenter trial that was conducted at 25 international sites in Europe, US 

and Israel.

The study population comprised adult and adolescent subjects (aged 12-55 years) with 

hematologic malignancies in remission or early relapse (≤ 10% blasts) who were eligible 

and in need of an allogeneic HSCT and without an HLA-matched or 1 antigen mismatched 

sibling donor. UCB units had to be matched at 4, 5 or 6/6 HLA class I (HLA-A and –B, low 

resolution) and II (HLA-DRB1, high resolution). The complete inclusion and exclusion 

criteria are shown in Supplementary Table S1 and were identical for the study group and the 
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DUCBT controls. Unit selection was determined locally with units chosen primarily by 

match grade and nucleated cell dose/kg. Selected units were red cell depleted and volume 

reduced prior to cryopreservation and preserved in 2 portions of which the larger (or equal) 

portion contained an estimated minimum of pre-thaw nucleated cells of 1.0 × 107/kg. It was 

mandatory to have for each patient on the study a back-up stem cell source (either 

autologous graft or alternative cord blood) available. All patients received a myeloablative 

regimen specified by the protocol (eligibility and preparative regimens as per supplementary 

information). GVHD prophylaxis consisted of either cyclosporine or tacrolimus combined 

with mycophenolate mofetil (supplementary information).

Enrollment began October, 2007 and concluded February, 2012 at its accrual goal. The trial 

was designed by the sponsor of the trial, Gamida Cell, in concert with the investigators and 

approved by the US Food and Drug Administration (NCT00469729). The data were 

gathered by Gamida Cell and analyzed at the Biostatistics Unit of the Gertner Institute for 

Epidemiology. All authors reviewed the data and manuscript, affirm its completeness and 

accuracy and agree with submission of the manuscript for publications. The first draft was 

written by the first author.

The study was performed in accordance with the Declaration of Helsinki and Good Clinical 

Practice guidelines and approved by the local institutional review boards. Patients were 

required to provide written informed consent prior to enrollment.

Treatment Schema

After the determination of patient and UCB unit eligibility, the selected CBU was shipped to 

a central expansion GMP approved production site. The unit was separated into two 

fractions and the larger (or equal) portion was shipped cryopreserved to the clinical site, 

while the portion to be expanded remained at the expansion facility. The expansion process 

began on day -22 with the patients beginning their pre CBT myeloablative conditioning 

beginning on day -8 to -10 as shown (Figure 1) using one of five prescribed conditioning 

regimens (supplementary information).

Production of the expanded cell product, carlecortemcel-L, consisted of the ex vivo culture 

of the smaller or equally sized CBU portion in the presence of the cytokines thrombopoietin, 

interleukin 6, flt-3L, and stem cell factor each at a concentration of 50 ng/ml, and 5 μM of 

the copper chelator TEPA (tetraethylenepentamine), for 21 days (Figure 2). On day of 

transplant patients received the unmanipulated, cryopreserved portion of the UCB unit and 

on that date the carlecortemcel-L expanded unit was prepared and transported to the 

transplant center by a courier with its infusion on day + 1.

Post-transplant, patients received G-CSF(5 μg/kg/day)starting on day +5 until the absolute 

neutrophil count reached 2.5 × 109/kg. If aGVHD developed, treatment was per institutional 

protocols as was infection prophylaxis and therapy, and transfusion support.

Endpoints

The primary objective end point was to assess the effectiveness of a UCB transplant 

consisting of both unmanipulated and carlecortemcel-L expanded cells in comparison with a 
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DUCBT 2006-2010 contemporaneous control group from US and European registries as 

measured by 100-day overall survival. Both safety and futility assessments included all 

subjects who signed consent, and those transplanted with only the unmanipulated fraction of 

UCB cells were included in the carlecortemcel-L study group using intent to treat (ITT) 

analysis. However when the trial was first conceived in 2005, a different control group, 

specifically a single unit UCBT group was selected from Eurocord, the New York Blood 

Center registry and the CIBMTR groups from the years 1995-2005. This group formed the 

basis of the initial comparison to this current carlecortemcel-L study group, also a single unit 

UCBT control group, and used the same selection criteria as the current control group for 

matching with the patients actually entered on trial. However as in 2006 and beyond, e.g the 

time period of enrollment for this trial the field had evolved to using two units for 

transplantation, so a second and now contemporaneous control group of DUCBT was 

selected as the comparator group and used for this analysis.

Secondary efficacy end points were: time from infusion of UCB cells to death from any 

cause up to day 100, proportion of overall mortality at 180 days, time from infusion of UCB 

cells to death from any cause up to 180 days, proportion of subjects who developed aGvHD 

grades III-IV,25 proportion of subjects with neutrophil engraftment failure. Neutrophil 

engraftment was defiuned as the first date of three consecutive days in which the neutrophil 

count was ≥ 500/mm3, and platelet engraftment was defined as the first date of three 

consecutive days in which the platelet count was ≥ 20,00/mm3 without platelet transfusion 

support for the previous 7 days. Adverse events and acute toxicities of the expanded cell 

infusions were also assessed.26

The study also had several supportive efficacy endpoints assessing early engraftment and its 

relation to mortality, as well as exploratory endpoints assessing time to neutrophil and 

platelet engraftment and additional explorations of the relationships of graft characteristics 

to clinical outcomes.

Statistical Analysis

Survival estimates were calculated using the Kaplan-Meier estimator and confidence 

intervals were calculated by Greenwood’s method. For the efficacy analysis, a test for 

superiority of the outcome of the carlecortemcel-L study group over the control group was 

performed. The test was one-sided at a significance level of 0.025. The primary analysis 

tested the log odds ratio of 100-day mortality for carlecortemcel-L study group versus the 

DUCBT control group.27,28 The null and alternative hypotheses were: H0 : β=0 versus H1 : 

β<0. The overall one-tailed 2.5% level test is equivalent to a two-tailed 5% significance 

level, except that there was no formal final test that the outcome for the carlecortemcel-L 

study group compares unfavorably to the DUCBT control group for the primary endpoint 

(protection against this event is provided by the safety and futility analyses). The two-sided 

p-value will be reported in this analysis.

The 100-day mortality outcome was compared with the DUCBT 2006-2010 control group 

via a logistic regression analysis. The model included: disease risk (early leukemia, 

intermediate leukemia (including MDS), advanced leukemia, lymphoma), age (<18 years, 

18-39 years, ≥40 years), CMV status, gender, and treatment group, The covariates to be 
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included in the model were determined in a pre-trial meta-analysis of the original historical 

single unit UCBT control group.7 Engraftment and acute GVHD rates were calculated as 

cumulative incidence rates considering death as the competing risk, and the times to event 

were compared using the Fine and Gray method.

Results

Patient Characteristics

A total of 126 subjects were screened for enrollment into this study (Figure 3). There were 

25 screen failures. Thus, 101 subjects were enrolled into the study at the 25 international 

clinical sites (US 14, Spain 6, Israel 3, Italy 1, Hungary 1).

Key demographics and baseline characteristics are summarized for the carlecortemcel-L 

study group and DUCBT 2006-2010 control group are shown in Table 1. Compared to the 

DUCBT control group, the carlecortemcel-L study group had a lower proportion of patients 

aged <18 years (10.9% vs. 24.4%) and a higher proportion of patients aged ≥40 years 

(42.6% vs. 19.7%), as well as a lower proportion of patients with intermediate risk 

leukemia29 (33.7% vs. 54.2%) and a higher proportion of subjects with early leukemia29 

(52.5% vs. 35.6%) and lymphoma (11.9% vs. 1.7%). These differences are adjusted for in 

the efficacy analyses when comparing the primary endpoint between the two groups.

Expansion Data

The baseline UCB unit characteristics of the carlecortemcel-L study group and DUCBT 

control group are shown in Table 2. As expected the TNC and CD34/kg cell doses were 

higher for the DUCBT group. Considering the best matched of the 2 units in the DUCBT 

group, there was a higher proportion of better matched units for this group. There were 8 

(8%) expansion failures in the carlecortemcel-L study group related to UCB unit quality. 

The reasons for the expansion failures were in 5, low or no growth of CFU-GM colony 

growth on day 0 of expansion (defined as < 10 CFU per 1000 plated cells), 2 had CD34 cell 

doses too low for expansion and one had an expansion less than 50 fold. Of these 8 patients, 

4 went on to transplant with an alternative unit, 3 received the unmanipulated cells with a 

second unit and the one with a low expansion continued on trial. In the other 93 

carlecortemcel-L study group patients the unmanipulated cells from the same unit were 

successfully transplanted within the stability limits of 18 hours, at a median time from 

production to infusion end of 11.55 hours (range 5.48–17).

The expansion data are shown in Table 3. Median expansion of total nucleated cells (TNC) 

was 401.5 fold (0-764). Median expansion of CD34+ cells was 90 fold (6-398) with an 

expansion overall of CD34 of from 0.33 to 9.26 × 105/kg. The median ratio of the infused 

CD34+ cells to the theoretical CD34+ cells (i.e., the CD34+ cell dose that the patient would 

have received from the entire UCBU without expansion) was 14 (1.6-93.1). Viability of the 

carlecortemcel-L expanded cells was excellent at 96% (81-100%).
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Clinical Outcome

All 101 enrolled subjects were included in the ITT analysis set. Eight subjects had 

significant deviations from the treatment plan: there was a temporary halt to cell expansions 

at the processing site (3), no CFU growth of the unmanipulated cells (2), and in one each, 

relapse, positive donor specific antibodies to the unit, and investigator choice were the 

reasons for not moving forward. Four received their back-up unit, the two without CFU 

growth received a rescue transplant within 42 days, and two received the initial 

unfractionated portion only. Safety assays were outside specifications in 2 subjects who 

received their transplants without untoward toxicities. One was a sterility failure detected 

after infusion (no untoward effects noted), and the other involved an invalidated test result 

for the mycoplasma test due to yeast overgrowth in the culture.

Overall infusion toxicities of the unmanipulated cells on day 0 were mild and reversible 

consisting of hypertension, cough, urticaria, dyspepsia, oropharyngeal pain and throat 

irritation Infusional toxicity of expanded cells was minimal; cough was reported as an 

infusion toxicity in 3/101 patients and resolved with no change in the infusion rate. Severe 

adverse events after transplantation were seen in 42 patients, most commonly due to 

infections in 21 (20.8%), multiorgan failure in 7 (7%), and engraftment failure and sepsis 

each in 6 (6%).

The 100-day mortality rate in the ITT analysis set, the primary outcome for the study, was 

15.8% (16/101 subjects: 95% CI: 8.7-22.9%) in the carlecortemcel-L study group compared 

to 25.4% (75/295 subjects: 95% CI: 20.4-30.4%) in the DUCBT control group. Thus the 100 

day survival was 84.2% (95% CI: 77.1-91.3%) for the study vs 74.6% (95% CI: 69.6-79.6%) 

for the DUCBT groups (Figure 4; p=0.035, odds ratio 0.50 (95% CI: 0.26-0.95)). The 

observed treatment effect was particularly strong in subjects ≥40 years (88.4% vs. 58.6% 

survival) and CMV-positive subjects (86.6 % vs. 70.2%). The causes of death for the 16 

patients before day 100 in the treatment arm were infections (non-interstitial pneumonitis) in 

5, multi-organ failure and sinusoidal obstruction of the liver (venoocclusive disease) in 3 

each, and one each due to GVHD, relapse, ARDS, and graft failure.

The 180-day mortality rate comparison for the carlecortemcel-Lstudy group vs DUCBT 

control group, a secondary endpoint analysis, was however not statistically significant 

(p=0.39), with an odds ratio of 0.79 (95% CI: 0.46, 1.35) and the comparison of disease-free 

survival rates up to 180 days, adjusted for the four prognostic factors that were used to adjust 

the mortality comparisons, had a hazard ratio of 0.81 (p = 0.29). The causes of death for the 

17 patients that died between days 100-180 were infectious interstitial pneumonitis (7), and 

other infections (5) for a total infection death rate of 70.6%. Relapse and second malignancy 

were seen in 2 each and one patient had multi-organ failure.

We performed an exploratory analysis of survival at 100 days based on the use of TBI vs 

non-TBI-based regimens. In the DUCBT group: 15/57 (26%) receiving no TBI had died by 

100 days compared to 60/238 (25%) in those receiving TBI; however for the carlecortemcel-

L group. 9/76 (12%) receiving no TBI had died by 100 days compared to 7/25 (28%) in 

those receiving TBI(p = .066). The TBI group were more likely however to have 

intermediate/high risk acute leukemia (42 vs 33%).
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Engraftment Outcome

Neutrophil engraftment failure occurred in 8 (cumulative incidence 8.1%) of carlecortemcel-

L study group subjects and in 43 (14.5%) of DUCBT controls [p = .086, odds ratio 0.50 

(95% CI 0.23-1.10)]. The median time to neutrophil engraftment, was 21 days (95% CI: 

18.4-23.5) and 28 days (95% CI: 27.6-31.2), in the study and control groups respectively 

(Figure 5A) and the difference was statistically significant (p <0.0001), [hazard ratio of 1.79 

(95% CI: 1.35-2.36)]. Median time to platelet engraftment, was 54 days (95% CI: 43.3-61.9) 

and 105 days (95% CI: 55.1-144.3), respectively (Figure 5B), and the difference was 

statistically significantly shorter in the carlecortemcel-L study group (p=0.008l), [hazard 

ratio 1.48 (95% CI: 1.11-1.96)]. The percentage of patients who did not engraft platelets by 

day 60 was also lower in the carlecortemcel-L study group at 34.4 vs 44.7% (p = 0.075).

We constructed a model for the carlecortemcel-L study group that assessed the association 

of combined early engraftment (neutrophil before day 20 and platelet before day 60) with 

mortality up to 100 days. The hazard ratio of 0.17 (95% CI 0.05-0.54) indicated an 

association of reduced mortality (p=0.0028). The correlation was stronger for neutrophil 

engraftment only; those who engrafted neutrophils before day 20 had a 100 day survival rate 

of 94% vs 78% for those engrafting later.

Graft versus host disease

The cumulative incidence of aGVHD grade III-IV was similar in the carlecortemcel-L study 

group (19.4%) compared to the DUCBT control (16.9%; p=0.11), with a hazard ratio of 1.87 

(95% CI: 0.87, 4.02). For grade II-IV aGVHD the cumulative incidence was lower in the 

carlecortemcel-L group (31.6 vs 46.8%). In the carlecortemcel-L study group, acute GVHD 

was the cause of death in only 2 (2%) patients due to GI and combined GI/hepatic 

involvement respectively. The cumulative incidence of chronic GVHD was similar as well 

(18.4%) vs (16.0%; p=0.73), with a hazard ratio of 1.12 (95% CI: 0.59, 2.13).

Discussion

This is the first ever reported multicenter trial exploring the use of ex vivo expanded CB 

cells to decrease the high day 100 mortality rate seen with single or DUCBT8, 20–24. It was 

based on the previous data3 that the infusion of a significantly higher number of HSC 

measured as CD34+ cells/kg would lead to faster engraftment of both neutrophils and 

platelets as compared to the current UCBT standard, DUCBT and lead to a higher 100 day 

survival. In fact, despite expanding only a fraction of the UCB unit, patients in the 

carlecortemcel-L study group were transplanted with an average 14 fold total higher number 

of CD34 as compared to what they would have received from an unmanipulated UCB unit, 

which led to a faster engraftment of neutrophils (21 vs 28 days) and platelets (54 vs 108 

days) and an improved 100 day survival of 84 vs 75%, without an increase in either severe 

aGVHD or relapse. Further we were able to successfully manufacture expanded UCB cells 

at central processing centers, and had them delivered to 25 different centers internationally 

where they were infused in a timely fashion, with minimal toxicity. Survival at 100 days 

correlated with early engraftment of both neutrophils and platelets which correlated with 

expansion of CD34+ cells, the median of which was 90 fold using this novel copper chelator 
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cytokine combination designed to expand only primitive HSC. The manufacturing and 

delivery of the carlecortemcel-L was conducted efficiently in 97/101 patients. Seven of the 8 

batch failures were predicted based on the lack of growth in CFU assays done on the initially 

thawed cells, a known risk factor for fatal non-engraftment at the time the study was in 

progress31–32, and permitted the investigators to make alternative plans for their patients.

The control group represents a current standard of care for patients without a matched 

sibling or unrelated donor and the unit and patient selection criteria here were similar to 

typical DUCBT. In the design, rigorous methodologies were applied to minimize bias and 

allow for a meaningful demonstration of clinical benefit, while accounting for potential 

differences between the two groups. The comparator group was chosen to meet the same 

eligibility criteria of the patients in the trial, but imbalances were expected and indeed seen, 

e.g a lower proportion of patients aged < 18 (10.9 vs 24.4%), a higher proportion > 40 (42.6 

vs 19.7%) and a higher proportion of patients with early leukemia (52.5 vs 35.6%). These 

imbalances were adjusted for using the regression model approach implemented in the 

mortality comparisons.

The major alternative to UCBT is haploidential transplantation. In companion trials run by 

the Bone Marrow Transplant Clinical Trial Network, adults undergoing either a reduced 

intensity DUCBT or haploidentical transplant had an identical survival at 2 years albeit with 

differing causes of death.33 This led to the development of a Phase III comparison trial, now 

underway. However the limitations of DUCBT, specifically the slow engraftment rate 

especially for platelets and late opportunistic infections and the high relapse/graft failure rate 

seen in haploidentical transplants especially for those with refractory myeloid and lymphoid 

leukemias34 are not being addressed in this comparison trial. It would seem that with a lower 

relapse rate, the major limitations of UCBT, perhaps could be addressed easier with 

advances in cell manipulation technologies like the strategy employed here. Thus UCB 

expansion trials, building on the results here, may ultimately increase the transplant cure rate 

of patients with advanced hematologic malignancies.

While we demonstrated an improved 100 day survival, deaths were still seen after day 100 

primarily related to opportunistic infections, and not relapse and appear to be correlate with 

the expected deficiencies in cellular immunity. This perhaps was related to the smaller 

number of infused non-manipulated immune cells, the discarding the immune cells in the 

cell fraction to be expanded, which could have been up to 50% of the total immune cell 

infusion normally infused with a single UCBT, and the fact that the pre-clinical expansion 

studies did not demonstrate an expansion of immune cells.18 Strategies are being developed 

to address this late immune deficiency. The stem cell differentiation blocking strategy used 

in this study with a copper chelator is being tested with alternative agents including an aryl 

hydrocarbon receptor antagonist,35,36 and nicotinomide29 or by culturing cells over beads 

that activate Notch signaling.37 Co-culturing UCB cells with third party mesenchymal stem 

cells as well as methods to improve homing of stem cells to the bone marrow are also being 

investigated and appear promising.38 In all instances engraftment is accelerated to the point 

that neutrophil engraftment appears more rapid than any other form of transplantation. 

However, these techniques, evaluated in a double cord configuration have traditionally not 

led to long term engraftment of the expanded cells, although strategies where the CD34 
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negative fraction, containing the T-cell fraction, is re-cryopreserved and infused with the 

expanded fraction potentially may aid the long term engraftment of the expanded UCB cells, 

including immune cells. 29,36

Based on recent registry data suggesting that TBI-based preparative regiments might be 

associated with an inferior leukemia-free survival (LFS)39, we did a retrospective ad hoc 

analysis of 100 day survival of the study group based on the preparative regimens used 

particularly since the thiotepa, busulfan and fludarabine regimen was utilized in 55% of the 

patients transplanted in this study and was associated with an improved LFS as compared to 

TBI-based regimens in this registry analysis. We found a trend toward inferior outcome 

using TBI; however, only 25% of the study group received TBI and this group tended to 

have a higher incidence of intermediate/high risk acute leukemia. Neertheless the 12% 100 

day mortality for the non-TBI group deserves further study.

This initial multi-national allogeneic transplantation trial comparing DUCBT to a single unit 

UCBT containing both expanded and unexpanded cord blood cells demonstrated both a 

faster engraftment and a reduced 100 day mortality for the study group. While not a 

randomized prospective clinical trial, we believe that this strategy holds the promise of 

further enhancing the transplant options for patients without a related or unrelated living 

donor. Complications from delayed immune reconstitution after UCBT remain a challenge, 

but ongoing efforts to enhance immune cell engraftment hold the promise of improving long 

term outcome by both decreasing opportunistic infections and preventing relapse.

Supplementary Material

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

• Expanding a portion of a UCB unit in cytokines with tetraethylenepentamine 

led to a median 77 fold expansion of CD34+ cells

• Compared to a contemporaneous double UCB cohort, transplantation of 

expanded and remaining unexpanded cells led to a lower 100 day mortality

• Faster neutrophil and platelet engraftment was also seen also for the group 

transplanted with the expanded cells
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Figure 1. 
Study Schema
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Figure 2. 
Expansion Schema
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Figure 3. 
Consort Diagram
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Figure 4. 
Overall survival – all cause mortality, for study (Carlecortemcel-L) (84.2%) and DUCBT 

(74.6%) treated patients: Odds ratio 0.50, 95% CI (0.26,0.95); p = 0.035
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Figure 5. 
Cumulative incidence of a.) neutrophil and b.)platelet engraftment for the study 

(Carlecortemcel-L) and DUCBT patients
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Table 1

Demographics and baseline characteristics (ITT analysis set)

Number (%) subjects

Parameter StemEx N=101 DUCBT 2006–2010 N=295 P value

Age <.0001ℓ

<18 years 11 (10.9%) 72 (24.4%)

18–39 years 47 (46.5%) 165 (55.9%)

≥40 years 43 (42.6%) 58 (19.7%)

Sex 0.0903ℓ

Male 47 (46.5%) 166 (56.3%)

Female 54 (53.5%) 129 (43.7%)

Weight 0.5113ℓ

≤55 kg 18 (17.8%) 67 (22.8%)

56–75 kg 45 (44.6%) 116 (39.5%)

>75 kg 38 (37.6%) 111 (37.8%)

Disease 0.0005£

ALL 30 (29.7%) 127 (43.1%)

AML 43 (42.6%) 125 (42.4%)

CML 8 (7.9%) 18 (6.1%)

MDS 8 (7.9%) 20 (6.8%)

HD 3 (3.0%) 0 (–)

NHL 9 (8.9%) 5 (1.7%)

Disease risk <.0001ℓ

Early leukemia 53 (52.5%) 105 (35.6%)

Intermediate leukemia 34 (33.7%) 160 (54.2%)

Advanced leukemia 2 (2.0%) 25 (8.5%)

Lymphoma 12 (11.9%) 5 (1.7%)

CMV status at baseline 0.6ℓ

Negative 34 (33.7%) 103 (34.9%)

Positive 67 (66.3%) 178 (60.3%)

Missing 0 (–) 14 (4.8%)

ℓ
By χ2 (chisq) test

£
By Fisher exact test
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Table 2

Baseline CBU characteristics

Characteristic Carlecortemcel-L Group
N=101

DUCBT 2006–2010
N=295

P value

N: Total NC dose ×107/kg 101 265

Median dose1 (range) 3.06
(Min 1.29 – Max 11.00)

4.94
(Min 2.28 – Max 24.90)

N: Total CD34 ×105/kg 101 248

Median
(range)

1.41
(Min 0.02 – Max 11739)

2.07
(Min 0.39 – Max 9.45)

N: HLA match – minimal2 101 266

0.9

4/6 2 70 (69.3%) 182 (68.4%)

5/6 1 28 (27.7%) 78 (29.3%)

6/6 0 3 (3.0%) 6 (2.3%)

N: HLA match – maximal3 101 266

0.0001

4/6 2 70 (69.3%) 131 (49.3%)

5/6 1 28 (27.7%) 109 (41.0%)

6/6 0 3 (3.0%) 26 (9.8%)

1
Cell dose for the single unit used, or the sum of the cell doses for the two units used.

2
Minimal DUCBT HLA match: of the two UCBUs transplanted, the match of the lesser matched unit is counted, e.g., if one UCBU is 4/6 matched 

to the patient, and the other is 5/6 matched to the patient, then 4/6 is counted.

3
Maximal DUCBT HLA match: f the two UCBUs transplanted the match of the better matched UCBU is counted, e.g., if one unit is 4/6 matched 

to the patient, and the other is 5/6 matched to the patient, then 5/6 is counted.
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Table 3

Summary of Carlecortemcel-L characteristics

N=101

Characteristic N1 Mean (SD) Median (Range)

Volume of entire UCB unit, mL 100 152.28 (157.67) 101.0 (6.0–1139.0)

Number of viable cells, (×106) 100 475 (451.50) 322.80 (0.04–3140.00)

Before Expansion

Total cell dose ×107/kg 101 3.33 (1.34) 3.06 (1.29 – 11.00)

StemEx portion total cell dose 101 0.94 (0.67) 0.66 (0.26–3.37)

Unmanipulated portion total cell dose 101 2.40 (0.99) 2.20 (1.03–8.80)

Total CD34 × 105/kg 101 117.98 (1168) 1.41 (0.02–11739)

Unmanipulated portion CD34 101 94.22 (943.31) 1.05 (0.02–9391)

StemEx portion CD34 101 23.75 (233.6) 0.33(0–2348)

After Expansion

Total CD34 ×105/kg 97 112.90 (952.6) 10.28 (1.37–9396)

StemEx portion CD34 97 14.84 (17.52) 9.26 (0.83–117.56)

Viability, % 100 96 (2.46) 96.00 (81.00–100.00)

Expansion of cells, fold 100 406 (167.91) 401.50 (0.00–764.00)

CD34+ cells, % 97 19 (7.23) 18.20 (6.80–43.40)

CD133+ cells, % 97 13 (4.41) 13.20 (3.70–23.90)

CD34+/CD38– cells, % 97 4 (4.05) 3.00 (0.00–15.50)

CD38+ cells, % 97 67 (15.60) 67.00 (28.70–94.70)

CXCR4+ cells, % 97 46 (13.80) 46.20 (7.90–87.60)

CFU per 1500 cells 97 35 (20.57) 30.0 (0.00–146.00)

1
In one patient Carlecortemcel-L was not administered, due to expansion failure, and therefore the data for this batch are missing (the 

unmanipulated fraction of the UCBU was infused with an additional UCBU, therefore the patient remained on study)
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