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We previously showed the safety of using cord blood (CB) expanded ex vivo in cocultures with
allogeneic mesenchymal precursor cells (MPC) after myeloablative conditioning with faster
recovery of neutrophils and platelets compared with historical controls.

Herein, we report the transplant outcomes of 27 patients with hematologic cancers who received
one CB unit ex vivo expanded with MPCs in addition to an unmanipulated CB (MPC group) after
reduced intensity conditioning (RIC). The results in this group were compared with 51 historical
controls who received two unmanipulated CB units (control group). The analyses were stratified
for two RIC treatment groups: 1) total body irradiation 200 cGy + cyclophosphamide +
fludarabine) (TCF), and 2) Melphalan+ fludarabine (FM).

Co-culture of CB with MPCs led to an expansion of total nucleated cells by a median factor of 12
and of CD34+ cells by a median factor of 49. In patients that engraftment occurred, the median
time to neutrophil engraftment was 12 days in the MPC group, as compared with 16 days in
controls (p= 0.02). The faster neutrophil engraftment was observed in both RIC groups. The
cumulative incidence of neutrophil engraftment on day 26 was 75% with expansion versus 50%
without expansion in patients who received FM as the RIC regimen (p=0.03). Incidence of
neutrophil engraftment was comparable in MPC and control groups if treated with TCF (82%
versus 79%, p=0.4).

Transplantation of CB units expanded with MPCs is safe and effective with faster neutrophil
engraftment even after RIC regimens.

Article Summary

1. In this retrospective analysis, the infusion of one CB unit ex vivo expanded with MPCs in
addition to an unmanipulated CB unit after RIC regimen increased the cell dose to be infused with
improvement in time to neutrophil engraftment compared with infusion of two unmanipulated CB
units.

2. Our results support the notion that strategies to increase cell dose infused in CB unit by
manipulation may lead to a lower minimal TNC dose required for a safe CB transplantation even
with RIC regimens and increase the number of acceptable CB units available in public CB banks.

Keywords
cord blood; expansion; reduced intensity conditioning; engraftment; neutrophil recovery

INTRODUCTION

Cord blood transplantation (CBT) has historically been associated with prolonged time to
engraftment, high risk of graft rejection, delayed immune reconstitution and resultant
infections, primarily related to the naivety of CB cells and low total cellular content in the
graft as compared with bone marrow (BM) or peripheral blood (PB) progenitor cells
graft(1-8). In an attempt to improve the cell dose, several techniques have been devised to
expand CB units ex vivo prior to infusion (9-13). Our group also previously reported
encouraging outcomes of double unit CBT (DCBT) where one of the CB units was
expanded ex vivo by co-culturing with mesenchymal precursor cells (MPC) and the second
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unit was infused unmanipulated.(14) Among patients who received the expanded CB unit,
neutrophil engraftment occurred at a median of 15 days compared with 24 days in the
historical controls. All patients in that study received myeloablative conditioning. However,
high dose myeloablative regimens are poorly tolerated by medically infirm or older
individuals. The use of reduced-intensity conditioning (RIC) with CBT has been an effective
strategy for older and less fit patients with a potential curative intent (2, 15-20) with a low
treatment related mortality.(2, 18, 21-23)

Herein, we retrospectively studied the outcomes of adult patients with hematological
malignancies who received RIC followed by infusion of an MPC-expanded CB plus an
unmanipulated unit compared to recipients of two unmanipulated CB units.

METHODS

Patient population

We evaluated all consecutive adult patients with hematological malignancies who received
RIC followed by DCBT where one CB unit was infused unmanipulated and the second unit
was expanded ex vivo by co-culturing it with MPCs prior to infusion (MPC group; n=27), as
described previously (14) between January 2004 and January 2015. During the study period,
the clinical trial with the use of one ex vivo expanded CB unit in addition to a non-expanded
CB unit was a departmental priority for enrolment for all double CB patients eligible for
RIC regimens. Major reasons for not enrolling into the clinical trial were not receiving
insurance approval and/or patient and physician preferences. That group of adult patients
who received the same RIC regimens as the study cohort, followed by the infusion of two
unmanipulated CB units during the same time period was defined as the “control cohort” (n=
51). Patients with prior allogeneic hematopoietic stem cell transplantation were excluded
from the analysis. All patients underwent transplantation between January 2004 and January
2015.

Ex vivo cord blood expansion

The criteria for CB unit selection and the technique for their expansion with MPCs were
previously reported (14). Briefly, the CB unit with a lower total nucleated cell (TNC) dose
was thawed two weeks prior to the planned CBT and co-cultured with MPCs. On the day of
transplantation, the unmanipulated cord was thawed, washed and infused followed by the
infusion of the MPC-expanded cord.

Conditioning regimens and graft-versus-host disease prophylaxis

RIC regimens consisted of 1) fludarabine 40 mg/m2 administered intravenously on days —6
to -2, cyclophosphamide 50 mg/kg intravenously on day —6 and 200cGy of total body
irradiation on day -1 (TCF) or 2) fludarabine 40 mg/m2 administered intravenously on days
-5 to -2 and melphalan 140 mg/m2 intravenously on day —2 (FM).

Graft-versus-host disease (GVHD) prophylaxis was provided with tacrolimus and
mycophenolate mofetil. Tacrolimus 0.03 mg/kg intravenously continuous infusion daily was
started on day -2, and the dose was adjusted to maintain serum trough levels between 5-15
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ng/mL. The route was switched to oral dosing when tolerated and the taper was started
around day +180 in the absence of GVHD. Mycophenolate mofetil 1 gram twice a day
intravenously (or oral if tolerated) was started on day —3 and continued through day +100.
Patients also received rabbit antithymocyte globulin (Genzyme) 1.25 mg/kg intravenously on
days -4 and 1.75 mg/kg intravenously on day -3.

Supportive care

Filgrastrim 5 mcg/kg was administered subcutaneously daily starting day O until absolute
neutrophil counts (ANC) was > 1000 x106/L. Antimicrobial prophylaxis and blood products
were administered according to the institutional guidelines.

Endpoints and Definitions

Our hypothesis was that the use of MPC-expanded CB unit along with one unmanipulated
CB unit would lead to faster time to neutrophil engraftment as compared to patients who
receive two unmanipulated CB units after RIC. The primary study endpoint was the median
time to neutrophil engraftment, defined as the first of three consecutive days after DCBT
with an ANC of > 0.5x109/L. Patients who had no neutrophil recovery by day 42 and had
bone marrow cellularity <10% were treated as graft failure. Serial sampling of the BM
and/or PB at days 30 and 100 after transplantation determined donor chimerism using eight
highly polymorphic microsatellite markers (purchased from Integrated DNA Technologies,
Inc., Coralville, 1A, USA) in a multiplex polymerase chain reaction in recipient and donor
units. It was determined that one unit was providing hematopoiesis solely if that unit
contributed to more than 95% of the chimerism.

Other study endpoints included the median time to platelet engraftment, acute and chronic
GVHD, non-relapse mortality (NRM), disease-free survival (DFS) and overall survival (OS).
Time to platelet engraftment was defined as the first of seven consecutive days with a
platelet count of >20x10%/L without platelet transfusion support. Acute GVHD was assessed
clinically as recommended (24) and the maximum overall grade was recorded. Chronic
GVHD was recorded as limited or extensive (25). NRM was defined as death without
evidence of disease recurrence. DFS was defined as the time from DCBT to either death or
relapse. OS was defined as the time from DCBT to death from any cause.

Patients with different hematological malignancies were categorized by Disease Risk Index
(DRI) defined by Armand et al (26).

Statistical Analysis

Patient and transplant characteristics in MPC and control groups were compared using the
Wilcoxon rank-sum test for continuous variables and the chi-square test or Fisher-exact test
for categorical variables. Time to neutrophil and platelet engraftment was estimated as the
cumulative incidence function considering graft failure or early death as competing risks.
The cumulative incidence of NRM was estimated considering disease progression or death
due to disease as competing risks. The cumulative incidence of GVHD was estimated
considering death or disease progression in the absence of GVHD as competing risks.
Actuarial OS and DFS were calculated using the Kaplan-Meier method. Outcomes were
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compared using Cox’s proportional hazards regression analysis. Statistical significance was
established at the 0.05 level. Statistical analysis was performed using STATA 11.0
(StataCorp. 2009. Stata Statistical Software: Release 9. College Station, TX: StataCorp LP.)

Patient and disease characteristics of the comparison groups were similar except disease
diagnoses as presented in Table 1. Of 27 patients in MPC group, 18 (67%) had AML or
MDS as disease diagnosis compared with 20 of 51 patients in the control group (39%)
(p=0.03). The median age at transplantation was similar with 59 (interquartile range (IQR),
49-67) in the MPC group and 57 (IQR, 48-63) in the control groups respectively (p=0.3).
Disease Risk Index (DRI) (26) was high/very high in 9 (33%) and intermediate in 16 of 27
(59%) MPC patients compared with 8 (16%) and 38 (75%) in the control group respectively
(p=0.1). More than half the patients in the study cohort; 15 patients in the MPC group (56%)
and 31 (61%) in the control group; had advanced disease beyond first or second complete
remission at transplantation.

The RIC regimen used for transplantation was TCF in 11 MPC (41%) and 29 (57%) control
group patients. The rest of the patients received FM as the conditioning regimen. The
distribution of human leukocyte antigen (HLA) matching at 4 loci (-A, B, C and DRB1)
using high resolution testing was similar between comparison groups. The dominant unit
was matched to the recipient at 5-6/8 allele-level in 16 (59.3%) patients and in 28 (54.9%)
patients of the MPC and control groups respectively (p=0.6).

The median follow-up was 39 months (range 12—86) in the MPC group and 22 months
(range 3-88) in the controls.

Co-culture of CB units with mesenchymal precursor cells led to an increase in the total

nucleated ¢

ell dose and CD34+ cell dose infused

Co-culture of CB units with MPCs led to an expansion of TNC by a median factor of 12
(range, 3-46.55) and that of CD34+ cells by a median factor of 49 (range, 3.5-98.8) as
shown in Figure 1. After the expansion, the median TNC dose increased to 5.7 x 107/kg
from a pre-expansion median dose of 0.55 x 10/kg. Similarly, expanded units had higher
CD34+ cell dose with a median of 16 x 10%/kg compared with pre-expansion dose of 0.3 x
105/kg.

This increase in the number of TNC and CD34+ cells doses after CB expansion was
associated with an increase in the total stem cell dose infused for the MPC group compared
with the control group. Patients in the expanded group received a median TNC dose of 7.9 x
107/kg and CD34+ cell dose of 19.7 x 105/kg compared with a median TNC dose of 4.25 x
107/kg and CD34+ cell dose of 4.3 x 10%/kg in the control group, respectively (p<0.001 for
both TNC and CD34+).
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Infusion of the CB units expanded ex vivo with co-culture of mesenchymal precursor cells
was associated with improved time to neutrophil recovery

Primary graft failure was observed in 3 of 27 patients in the MPC group and 4 of 51 in the
control group; p=0.4 (supplemental table 1). Among patients who engrafted, the median
time to neutrophil recovery was significantly faster in the MPC group with a median of 12
days (range 1-28) compared with the control group who engrafted within a median of 16
days (range 5-48) (p= 0.02) after the transplant. The improvement in time to neutrophil
recovery observed in the MPC group was independent of the conditioning regimen used.
The median time to neutrophil recovery was 6 days versus 11 days for MPC and control
groups respectively if they were treated with TCF (p=0.04). The magnitude of improvement
in time to neutrophil recovery was larger if patients were treated with FM. The median time
to neutrophil recovery was 14 vs. 22 days for MPC and control groups (p=0.001).

The cumulative incidence of neutrophil engraftment was 78% in the MPC group compared
with 67% in the control group (Hazard ratio (HR) 1.5, 95% confidence interval (ClI), 0.9-
2.6, p=0.1), as presented in figure 2a. However, there was a significant improvement in the
incidence of neutrophil engraftment from 50% up to 75% in patients treated with FM
regimen and received an expanded CB unit (p=0.03), as shown in figure 2b. This benefit was
not observed in patients treated with TCF who had a higher incidence of neutrophil
engraftment as 79% even with the infusion of two unmanipulated CB units (figure 2c).

We did not observe a significant difference for the median time to platelet recovery between
the comparison groups; MPC group had platelet recovery with a median of 31 days (range
9-52) and control with a median of 37 days (range 10-64), p=0.3. Similarly, the cumulative
incidence of platelet engraftment by day 60 was 74% in both MPC and control groups (HR
1.1, 95% Cl, 0.6-1.9, p=0.7) (figure 3a) and did not differ by the type of conditioning
regimen used as shown in Table 2 and figures 3b and 3c.

Higher TNC cell dose infused increased the incidence of engraftment with faster count

recovery

Considering the main effect of the CB expansion was the increase in the cell dose infused,
we investigated the impact of increasing cell dose (quartiles) on the rate of neutrophil and
platelet recovery.

In the entire study cohort, infused TNC dose of >7 x 107/kg was associated with a
cumulative incidence of 84% for neutrophil engraftment by day 26 as compared with 67%
observed in lower TNC doses (HR 1.8, 95% CI, 1-3.3, p=0.048). The impact of higher TNC
cells on neutrophil engraftment was in the same direction with a similar magnitude in
patients treated with FM (HR=1.9, 95%CI1=0.7-5, p=0.2) and TCF (HR=2.1, 95%CI=1.1-
4.2, p=0.025) but due to smaller sample size the impact of cell dose on neutrophil
engraftment was not statistically significant in the FM group. As expected, not only the
incidence of neutrophil engraftment improved with higher TNC dose, but also median time
to engraftment was shorter. Patients with TCF had median time to neutrophil recovery
within 6 days versus 10 days and patients with FM as early as 12 days versus 17 days with
higher and lower TNC doses infused respectively.
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The TNC cell dose that increased the likelihood of platelet engraftment by day 60 was >4 x
107/kg (HR=2.0, 95% ClI, 1.1-5.0, p=0.03). With TNC >4 x 107/kg, the incidence of platelet
recovery increased from 53% to 82% with a median time to recovery of 33 (range, 19-60)
days vs. 35 (range, 9-57) days compared with lower doses. Transplantation with smaller
doses of TNC led to lower incidence of platelet recovery both in FM and TCF groups, 56%
and 50%, respectively (HR=0.3, 95%CI1=0.1-0.9, p=0.04 and HR=0.5, 95%CI1=0.2-1.6,
p=0.3).

Infusion of one CB unit expanded ex vivo with co-culture of mesenchymal precursor cells
leads to unit predominance with the un-manipulated CB unit

Of 23 engrafted patients with CB expanded, 19 were evaluable for chimerism analyses as
early as day 30 and 18 were evaluable by day 100 after the transplantation. In MCP group,
10 of 19 (52.6%) patients had evidence of hematopoiesis solely from the unmanipulated CB
unit as shown in Figure 4. On day 100, still the majority, 11 of 18 (61%) evaluable patients
had 100% hematopoiesis solely from the unmanipulated unit. Interestingly, 2 evaluable
(10%) patients had hematopoiesis completely from the ex-vivo expanded CB units at both
time points. Six patients (30%) had hematopoiesis derived from both units at day 30, with 4
of the 5 evaluable having still both CB units present at day 100.

In the control group with 2 unmanipulated CB units infused, 37 of 46 engrafted patients
were evaluable on day 30 and 17 (45.9%) had evidence of hematopoiesis solely from one
CB unit as shown in supplementary figure 1. This rate was not different from the 50%
observed in MPC group (p=0.8). On day 100, 15 of 23 (65.2%) evaluable patients had
evidence of hematopoiesis only from one CB and that rate was still comparable to 61%
observed in MPC group (p=0.5).

Infusion of one CB unit expanded ex vivo with co-culture of mesenchymal precursor cells
is not associated with increased incidence of GvHD

The cumulative incidence of grade I1-1V acute GVHD was 28% in MPC group and that was
comparable to 27% in control group (HR 0.96, 95% Cl, 0.4-2.5, p=0.9) as presented in
Table 3. Similarly, the incidence of chronic GVHD at 2 years did not differ in comparison
groups with 29% incidence in MPC and 20% control groups (HR 1.1, 95% CI, 0.4-2.9,
p=0.9).

The incidence of NRM was 7% and 30% at day 100 and 6" month after transplant in MPC
group. Patients in the control group had similar NRM with day 100 incidence of 12% and 6t
month incidence of 24% (HR 0.6, 95% CI, 0.1-3.2, p=0.6 and HR 1.26, 95% CI, 0.5-3,
p=0.6 respectively).

DFS and OS at 2 years were also comparable between groups, with 28% versus 25% (HR
0.9, 95% ClI, 0.5-1.5, p=0.6) and 32% versus 34% respectively (HR 1.1, 95% CI, 0.6-1.9,
p=0.8) for HPC and control groups.

Overall, 18 deaths were observed in the MPC and 34 deaths in the control group during the
study period. Disease relapse or persistence was the major cause of mortality, with 6 deaths
(33%) in the MPC group and 15 (44%) in the controls. Cause of death was infection in 5
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patients (28%) in the MPC group and 11 patients (32%) in control group followed by GvHD
in 3 (17%) and 2 patients (6%) in MPC and control groups (supplemental table 2). There
was no difference in the length of hospitalization between MPC (median 29, range 19-114
days) and the controls (median 34, range 15-79 days), p=0.9.

DISCUSSION

Our results show that the infusion of one CB unit ex vivo expanded with MPCs in addition
to an unmanipulated CB unit after RIC regimen served its purpose for increased cell dose to
be infused with improvement in time to engraftment compared with infusion of two
unmanipulated CB units. To our knowledge this is the first demonstration of faster
hematopoietic engraftment with the use of ex vivo expanded hematopoietic progenitors in
the RIC setting. Most of the clinical trials investigating strategies to improve engraftment
either by expansion to increase the number of cells or improving homing has focused on
patients treated with MAC regimens who are reported to have neutrophil engraftment
usually beyond day 24(27, 28). The strategies to expand CB progenitor cells ex vivo, such as
using the engineered Notch ligand(10), copper chelators(29), nicotinamide(11), aryl
hydrocarbon receptor antagonist(30) or the use of “off-the-shelf” MPCs which was
pioneered at our institution(14) demonstrated remarkable improvement in engraftment after
CBT in the setting of myeloablative conditioning. The need for strategies to improve
engraftment after RIC regimens has not been well-defined considering that most patients
experience neutrophil engraftment within 15-25 days depending on the intensity of the
regimen used(31-33).

In our study, the TNC dose in the expanded CB unit increased by a median factor of 12.
When combined with the unmanipulated CB unit, the median of TNC dose infused was
7.9x107/kg in the HPC group compared with 4.25x107/kg in the control group. Similarly the
CD34+ cell dose was approximately four fold higher; 19.7x10%/kg vs. 4.3x10°/kg, in
patients receiving an ex-vivo expanded CB unit in addition to an unmanipulated one. This
approach accelerated the time to neutrophil engraftment with a median of 12 days, faster
than would be expected using two unmanipulated CB units (median time of 16 days in the
control group) following RIC regimes. The engraftment was faster in the MPC group
regardless of the intensity of the RIC regimen used, although this impact was more
pronounced particularly in those who received the more intensive FM conditioning where
the engraftment occurred by a median of 8 days earlier in the MPC group than the controls.

Our results support the notion that strategies to increase cell dose infused in CB unit by
manipulation may lead to a lower minimal TNC dose required for a safe CB transplantation
and increase the number of acceptable CB units available in public CB banks. This is
especially important for patients considered for RIC who are often older and have a less
likelihood of finding a matched related sibling alive and/or eligible. In addition, it is well-
known that despite the more than 21 million adult volunteer donors in the National Marrow
Donor Program and affiliated registries, at least 50% of Caucasians and 80% of patients
from diverse racial and ethnic backgrounds cannot identify a suitably matched unrelated
volunteer donor in the required time period(34). In addition to providing the advantage of
increasing the number of eligible CB units in the inventory by lowering the minimum cell
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dose required for a safe transplant, expansion can also improve transplant outcomes but
increasing the likelihood of identifying better HLA matched units; that is shown to improve
CBT transplant by lowering transplant-related mortality(35).

In our study, we observed that hematopoiesis as early as day 30 was derived mostly from the
unmanipulated CB unit and on longer follow-up, this finding remained the same. While it is
possible that this observation was a consequence of loss of long-term repopulated cells
during ex vivo culture, it is also likely that the T cell replete unmanipulated unit mounted a
cellular immune response leading to rejection of the expanded graft(36, 37). However, the
expanded CB units provided the hematopoiesis solely in 2 patients and partially in 5
patients. These findings support the notion that expanded cell population may preserve a
longer-term repopulating stem/progenitor cells. Further support of our hypothesis for the
long-term hematopoietic potential of expanded CB units may provide basis for eliminating
the need for transplantation of a second unmanipulated CB unit and proceeding with single
ex-vivo expanded CBT unit.

We acknowledge limitations of our study inherent in the retrospective design and limited
conclusions can be drawn from the clinical data presented. In the absence of chimerism data
available prior to day 30, the possibility of early engraftment from autologous reconstitution
could not be excluded. Also, despite improvement in the time to neutrophil engraftment in
both RIC regimens, there was no improvement in the rates of graft failures (3 in the study
group and 4 in the controls). As compared to 33% of controls, 22% of patients in the MPC
group did not engraft neutrophils by day 26. Although this difference was negligible in those
who received the lesser intensive TCF regimen, yet among those who received more
intensive FM regimen, there was 25% statistically significant improvement in neutrophil
engraftment by day 26 in the MPC group than in the controls. Similar to other published CB
expansion trials, our study did not find differences in GVHD, relapse risk, TRM, DFS or OS
as compared to controls, signifying that this approach is safe to use even in older population.
The ongoing multicenter randomized clinical trial (NCT01854567) investigating the efficacy
and safety of CB cells expanded with MPCs for hematopoetic recovery in patients with
hematologic malignancies after myeloablative treatment twill determine the role of using
MPC expanded CB at least in the myeloablative setting. In the ongoing trial, patients with
lesser intensive regimens including FM are also included and those observations would be
relevant to our reported results. However, we believe that our results confirming the safety
and potential efficacy of using CB units expanded ex-vivo with MPCs with less intensive
regimens including TCF deserves to be investigated for its potential to broaden the
application of CBT to older adults with hematological malignancies who are in need of
urgent unrelated donor transplant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:
. RIC DCBT with one MPC-expanded CB unit leads to faster neutrophil
engraftment
. Time to platelet engraftment is not improved with MPC expansion after RIC
CBT
. MPC-expansion is safe and does not add to any toxicities after RIC CBT
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Figure 1:

Co-culture of CB units with MPCs led to an expansion of TNC (A) by a median factor of 12
(range, 3-46.55) and that of CD34+ cells (B) by a median factor of 49 (range, 3.5-98.8).
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The cumulative incidence of neutrophil engraftment was 78% in the MPC group (dotted
line) compared with 67% in the control group (solid line) (A). However, there was a
significant improvement in the incidence of neutrophil engraftment from 50% up to 75% in
patients treated with FM regimen and received an expanded CB unit (p=0.03) (B). This

benefit was not observed in patients treated with TCF who had a higher incidence of
neutrophil engraftment as 78% even with the infusion of two unmanipulated CB units (C).
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The cumulative incidence of platelet engraftment by day 60 was 74% in both MPC (dotted
line) and control groups (solid line) (A) and did not differ by the type of conditioning
regimen used; it was 81% vs 73% in MPC and control groups, respectively among those
treated with FM regimen (B) and 64% vs 76%, respectively in those treated with TCF

regimen (C)
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the unmanipulated CB unit. On day 100
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Table 1:
Patient characteristics
MPC Expanded group Control group pvalue
=27) (N=51)

Age, in years

median (interquartile range) 59 (49, 67) 57 (48, 63) 0.3
Gender, n (%)

Male 14 (52%) 24 (47%) 0.7
Diagnosis, n (%)

AML/MDS 18 (67%) 20 (39%)

ALL 3 (11%) 10 (20%)

Non-Hodgkin lymphoma 4 (15%) 14 (27%)

Hodgkin’s lymphoma 0 (0%) 3 (6%)

CLL 1 (4%) 3 (6%)

CML/MPD 1 (4%) 0 (0%)

Other 0 (0%) 1.(2%)
Disease Status, n (%)

CR1 7 (26%) 12 (24%)

CR2 5 (19%) 8 (16%)

Other 15 (56%) 31 (61%) 0.7
Disease Risk Index, n (%)

V. High 2 (7%) 1 (2%)

High 7 (26%) 7 (14%) 0.1

Intermediate 16 (59%) 38 (75%)

Low 2 (7%) 3 (6%)

Undetermined 0 (0%) 2 (4%)
Comorbidity index, n (%)

0-1 13 (48%) 24 (47%)

2-4 11 (41%) 22 (43%)

>4 3 (11%) 5 (10%) 0.97
Median (range) number of prior chemotherapies 2 (1-5) 2(1-7) 0.4
Median (range) time to transplantation, in months 15 (3.5-141) 19 (4-162) 0.6
Conditioning regimen, n (%)

Flu/Mel 16 (59%) 22 (43%)

Flu/Cy/TBI 11 (41%) 29 (57%) 0.2
HLA of dominant unit 0.6

3-4/8 5 (19%) 8 (16%)

5-6/8 16 (59%) 29 (57%)

7-8/8 2 (7%) 6 (12%)

Other * 4 (15%) 8 (16%)
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MPC Expanded group Control group pvalue
(N=27) (N=51)
HLA of non-dominant unit
3-4/8 2 (7%) 8 (16%) 0.2
5-6/8 21 (78%) 29 (57%)
7-8/8 0 (0%) 6 (12%)
Other* 4 (15%) 8 (16%)
TNC (x 107/Kg); median (range), pre expansion, (MPC- 0.55(0.12-1.3) -
expanded CB unit only)
TNC (x 107/Kg); median (range), post expansion, (MPC- 5.7 (1.35-11.8) -
expanded CB unit only)
TNC (x 107/Kg); median (range), total infused 7.9 (3.5-16.1) 4.25 (2.8-432.0) <0.001
CD34 (x 10%Kg); median (range), pre expansion, (MPC- 0.3(0.1-1.2) -
expanded CB unit only)
CD34 (x 10%Kg); median (range), post expansion, (MPC- 16 (0.4-53) -
expanded CB unit only)
CD34+ (x10%/Kg); median (range), total infused 19.7 (2.0-57.4) 4.3 (1.5-173.1) <0.001
Median time (range) to follow-up, months 39 (12-86) 22 (3-88)

*
Patients with missing high resolution HLA typing (n=2), early death (n=2) or graft failure (n=7), chimerism not available (n=1).

Abbreviations: AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; ALL, acute lymphoblastic leukemia; CLL, chronic lymphocytic
leukemia; CML, chronic myeloid leukemia; MPD, myeloproliferative disorder; CR1, first complete remission; CR2, second complete remission;
Flu, fludarabine; Mel, melphalan; Cy, cyclophosphamide; TBI, total body irradiation; HLA, Human Leucocyte Antigen; TNC, total nucleated cells;

CB, umbilical cord blood.
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Table 2:

Neutrophil and Platelet Engraftment

MPC Expanded Control P value
(N=27) (N=51)

Median (range) days to neutrophil engraftment
All patients 12 (1-28) 16 (5-48) 0.02
FM regimen 14 (9-27) 22 (11-48) | 0.001
Flu/Cy/TBI regimen 6 (1-28) 11 (5-31) 0.04
Cumulative incidence (95% C.1.) of neutrophil engraftment by day 26
All patients 78% (64-95) 67%(55-81) 0.1
Flu/Mel regimen 75% (56-99) 50%(33-76) 0.03
Flu/Cy/TBI regimen 82% (62-100) | 79%(66-95) 0.4
Median (range) days to platelet engraftment
All patients 31(9-52) 37(10-64) 0.3
Flu/Mel regimen 37(9-52) 44(27-64) 0.1
Flu/Cy/TBI regimen 29(9-46) 31(10-45) 0.5
Cumulative incidence (95% C.1.) of platelet engraftment by day 60
All patients 74%(59-93) 74%(63-87) 0.7
Flu/Mel regimen 81%(64-100) 73%(56-94) 0.2
Flu/Cy/TBI regimen 64%(41-99) 76%(62-93) 0.7

Abbreviations: C.1., confidence interval; Flu, fludarabine; Mel, melphalan; Cy, cyclophosphamide; TBI, total body irradiation.
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Table 3:
Secondary outcomes
MPC Expanded Control H.R. | 95% C.I. | P-value
(N=27) (N=51)
Acute GVHD II-1V, day 100 28% (14-56) 27% (16-44) | 0.99 0.4-2.7 0.9
Acute GVHD Il1I-1V, day 100, N=2 - - N.A - -
Chronic GVHD, 2 years 29% (16-54) | 20% (11-36) | 1.1 | 0.4-2.9 0.9
NRM, day 100 7% (2-28) 12% (5-24) | 06 | 01-32 0.6
NRM, 6 months 30% (17-53) 24% (14-40) | 1.26 0.5-3.0 0.6
NRM, 1 year 37% (23-61) | 32% (22-49) | 12 | 05-26 0.7
NRM, 2 years 45% (30-69) | 38% (26-56) | 1.3 | 0.6-2.6 0.5
DFS, 2 years 28% (12-46) 25% (13-39) | 0.9 0.5-15 0.6
0S, 2 years 32% (16-50) | 34% (21-48) | 1.1 | 0.6-1.9 0.8
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Abbreviations: C.1., confidence interval; GVHD, graft-versus-host disease; HR, hazards ratio; NRM, non-relapse mortality; OS, overall survival.
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