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A B S T R A C T

Umbilical cord blood (UCB) is an alternative source of stem cells for patients lacking a 9/10 or 10/10 HLA 
identical donor. However, after UCB transplantation, time to engraftment and immune recovery are prolonged, 
increasing the risk of fatal complications. Mesenchymal stromal cells (MSC) can support hematopoietic 
engraftment and have immunosuppressive effects.

The primary objective of this phase I/II multicenter study was to determine the feasibility and safety of UCB 
transplantation with co-infusion of third party MSC, as assessed by treatment related mortality (TRM) at day 100. 
Secondary objectives were engraftment, immune recovery, occurrence of graft versus host disease (GVHD), in
fections, disease free survival, relapse incidence and overall survival.

Eleven patients were grafted according to this protocol. Allogeneic transplantation after co-infusion appears 
feasible with 18 % TRM at day 100. Engraftment data show a median time of 16 days to neutrophil and 27 days 
to platelet recovery, which is shorter than what is usually reported after UCB transplantation. Only 1 episode of 
acute GVHD was reported.

In conclusion, MSC and UCB co-transplantation is feasible and might help overcome some of the drawbacks of 
UCB transplantation.

Introduction

Allogeneic stem cell transplantation is a standard treatment modality 
for various high-risk malignant and non-malignant hematological dis
orders [1]. Typically, stem cells will be collected from an 
HLA-compatible donor – either an HLA-identical sibling or a matched 
unrelated donor. However, approximately 30 % of patients will not have 
such a donor available [2]. For these patients, alternative donor sources 
such as haplo-identical related donors or umbilical cord blood (UCB) 

stem cells are considered [1]. There are some advantages to the use of 
UCB transplantation: firstly, the cells are readily available from a donor 
bank, secondly HLA compatibility requirements are less stringent and 
thirdly the incidence of acute or chronic graft-versus-host disease 
(GVHD) is limited [3–5]. However, there are some possible drawbacks to 
UCB as a source of stem cells. Time to hematopoietic and immune re
covery is delayed resulting in an increase in infectious complications and 
increased transplant related morbidity and mortality [5]. Although for 
UCB transplantation, a lower mononuclear cell number is needed, one 
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unit often does not contain enough cells to be able to transplant the 
average adult. This barrier has been overcome by the introduction of 
double UCB transplantation [6]. In 2005 Barker and colleagues reported 
outcome data of 21 patients treated with a double UCB transplantation 
in a phase 1/2 trial. None of the patients experienced graft failure and 
they observed a higher engraftment rate than previous studies with 
single cord blood units [7]. Cell dose correlates with non-relapse mor
tality, therefore strategies to increase cell dose such as double UCB 
transplant are mostly adopted in the treatment of adult patients [6].

Mesenchymal stromal cells (MSC) are non-hematopoietic multi
potent cells that can be expanded ex-vivo from the bone marrow and 
several other tissues [8]. They can support and facilitate hematopoietic 
engraftment [9–11]. Because of their immunosuppressive qualities there 
is great interest to use these cells in the treatment and/or prevention of 
GVHD. Many groups have reported data on the use of MSC in the 
treatment of both acute and chronic GVHD. MSC do not express HLA 
class II and are therefore less susceptible to immune recognition, thus 
allowing the use of third party MSC for clinical applications. Preliminary 
reports have shown that co-transplantation of MSC and hematopoietic 
stem cells can improve engraftment and might lower the risk for GVHD 
occurrence [11–14].

Because of the need to overcome slow engraftment and high TRM in 
the setting of UCB transplantation, the Belgian Hematology Society 
designed a pilot study to investigate the feasibility and safety of 
combining MSC infusion with UCB infusion at the time of trans
plantation. The primary objective of the study was to evaluate the 
feasibility and safety of such an approach.

Materials and methods

Study design

We describe here a single arm, multicenter phase I-II pilot study. The 
aim of this study was to include 20 patients. A stopping rule of true rate 
of non-relapse mortality exceeding 40 % at day 100 was defined.

Patients lacking a ≥ 9/10 HLA matched donor and with adequate 
UCB units available (either single or double cord) were eligible. At least 
a 4/6 match and minimally 3 × 107 total nucleated cells (TNC) in the 
graft(s) were required. If necessary, to reach a sufficient cell dose, 
double UCB transplantation was performed.

Transplant candidates between 15 and 60 years old could be 
included after informed consent. Patients were excluded in case of 
previous allogeneic stem cell transplantation, progressive malignant 
disease, significant organ damage (creatinine clearance < 60 mL/min, 
AST/ALT >3x ULN and/or bilirubin >3 mg/dL, LVEF <50 %, DLCO <
50 %), significant psychiatric or neurological disorder. Patients with an 
uncontrolled infection, HIV infection or pregnancy were also excluded 
from participation in this trial.

Patients were followed for 12 months after transplantation.
The study was approved by the Ethics Committees of the partici

pating centers.

Study objectives

The primary objective of this study was to determine the feasibility of 
UCB HSCT with co- infusion of third-party mesenchymal stem cells as 
assessed by the treatment-related mortality at d100 after transplant.

Secondary endpoints were overall survival, relapse incidence, 
disease-free survival, hematopoietic recovery, immune recovery, in
fections, and incidence of acute and chronic GVHD.

Treatment plan

Investigators could opt for either myeloablative or reduced intensity 
conditioning. As myeloablative conditioning, cyclophosphamide 120 
mg kg-1 (days − 5 and − 4) and total body irradiation (TBI) 12 Gy in 6 

fractions (day − 3, − 2 and − 1) were prescribed. GVHD prophylaxis 
consisted of antithymocyte globulin (ATG) (Thymoglobulin®) 7,5 mg 
kg-1 (days − 4, − 3 and − 2) and cyclosporin A. Reduced intensity con
ditioning consisted of cyclophosphamide 50 mg kg-1 (day − 6), Fludar
abine 200 mg/m2 (day − 6 until − 2) and TBI 2 Gy (day − 1). Graft- 
versus-host disease prophylaxis consisted of ATG (Thymoglobulin®) 
7,5 mg kg-1 (days − 4, − 3 and − 2), cyclosporin A and mycophenolate 
mofetil.

Supportive care was performed according to local guidelines. Post- 
transplant G-CSF 5 µg/kg was administered daily until ANC was above 
1000/µL for 3 consecutive days. Prophylactic anti-infectious therapy 
consisted of fluconazole or posaconazole, acyclovir and SMX/TMP.

GVHD was graded according to the Glucksberg criteria [15].

MSC expansion and co-infusion

Bone marrow collection and MSC expansion were performed at the 
Laboratory of Cell and Gene Therapy (LTCG) at the university of Liege as 
described previously [16]. After administration of 2 mg kg-1 methyl
prednisolone and an antihistaminic drug, thawed MSC were adminis
tered at a dose of 1–2 × 106/kg recipient weight at least one hour before 
administering the UCB. In case of double UCB, the 2nd UCB was 
administered 1 hour after the first.

Engraftment and immune reconstitution

Neutrophil engraftment was defined as the first of 3 consecutive days 
of absolute neutrophil count (ANC) >500/µL. Platelet engraftment was 
defined as a platelet count of >20,000/µL without transfusion support.

Chimerism studies (total white blood cells and CD3 positive cells) 
were performed on the day leucocyte count exceeded 1000/µL and 
further on day 40, 100, 180 and 365 after transplant. Bone marrow 
chimerism analysis was performed every 3 months during the first year 
post transplant. Flowcytometry based lymphocyte subset analyses (CD3, 
CD4, CD8, CD19, CD45RA, CD45RO and CD56) were performed on day 
30, 60, 100, 180 and 365 after transplant.

Results

Patient characteristics

Between January 2011 and February 2017, 11 patients out of 13 
potentially eligible patients were grafted according to protocol. One 
patient was excluded due to disease progression at admission for 
transplantation, and there was 1 screening failure. Median age of the 
included patients was 43 years (range 20–66 years); of these patients 6 
were male and 5 females. One 66-year-old patient was included after 
waiver by the principal investigator, this was documented in the case 
report form. The majority of patients underwent an allogeneic stem cell 
transplantation for acute leukemia (n = 8). An overview of the patient 
characteristics is presented in Table 1.

Survival and GVHD

TRM at day 100 was 18 % and 36 % at day 365, overall mortality was 
45 % at 12 months. At 12 months after transplantation 1 disease relapse 
was observed. The causes of death of the five patients during the study 
period were disease relapse; toxoplasmosis and invasive aspergillosis 
combined with a herpetic cerebral vasculitis; posterior reversible en
cephalopathy syndrome and multi-organ failure (MOF); euthanasia after 
suffering a CMV reactivation, pneumocystis pneumonia and MOF after 
veno-occlusive disease; and toxic encephalitis.

During the follow-up period of 12 months only 1 case of GVHD was 
reported: acute GVHD grade II.
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Engraftment and immune reconstitution

Engraftment data show a median time of 16 days to neutrophil re
covery (range 7–36 days) and a median of 27 days to platelet recovery 
(range 18–38) (Table 2). Six of the 11 patients grafted with MSC and 
UCB reached day 365 of these 5 could be evaluated for donor chimerism, 
chimerism analysis at day 365 was not performed for 1 patient All 5 
evaluable patients showed full donor chimerism (Table 2). There was no 
graft failure 1 year after transplant in this trial.

Immunophenotyping to determine lymphocyte subsets was not per
formed regularly and insufficient data are therefore available on B-, T- 
and NK cell recovery to allow analysis. At day 30, 6/7 evaluable patients 
had a lymphocyte count > 200/µL. Total lymphocyte count (Table 2) 
was >500/µL 6 months after transplant in all patients still alive at that 
timepoint.

Infections

Table 3 provides an overview of infections reported in this study. Of 
the 11 patients grafted with MSC and UCB cells, 6 presented with viral 
infectious complications. CMV infection was most commonly reported: 5 
episodes in 4 patients. EBV reactivation was observed in 3 patients and 
was complicated by post-transplant lymphoproliferative disorder 
(PTLD) in 1 patient. This patient finally succumbed to PTLD refractory to 
multiple lines of treatment >3 years after the MSC-UCB co-infusion. For 
32 infectious complications, a causative microbiological agent could be 
identified, in 41 % of cases it was a viral infection.

Discussion

Umbilical cord blood is an alternative source of stem cells for pa
tients requiring a hematopoietic stem cell transplantation who do not 
have a matched sibling or unrelated donor.

In this phase I/II trial, we have investigated whether allogeneic 
transplantation after co-infusion of MSC and UCB transplantation is 
feasible and safe, using TRM at day 100 as the primary outcome.

MSC have been studied extensively in the context of hematopoietic 
stem cell transplantation. They have shown promise in the prevention of 
GVHD when co-transplanted in a cohort of non-myeloablative trans
planted patients, without compromising the graft-versus-tumor effect 
compared to a historic matched cohort [17]. Additionally, MSCs have 
demonstrated efficacy in treating steroid-refractory acute GVHD, how
ever, optimal dosing and administration schedules should still be 
explored [18]. Furthermore, MSC infusion might also play a role in 
addressing poor graft function, leading to enhanced hematological 
function post-allogeneic hematopoietic stem cell transplantation sub
sequent to a single intravenous administration of MSCs, as demonstrated 
by Servais et al. [19].

In our patient cohort, TRM at day 100 was 18 %. This compares 
favorably to the report of Laughlin and colleagues on single UCB 
transplantation in 2001 [5]. They found that 32 of 68 patients died in the 
first 3 months after transplanting due to conditioning toxicity and in
fections. In later reports, also including double UCBT, non-relapse 
mortality at 3 and 6 months varies between 14 and 22 % [7,20]. This 
improved survival between early and later UCB transplantation trials is 
attributed to improved patient selection, better supportive care, and 
infusion of higher cell doses [6]. In our – albeit small – study cohort, we 
found no excess TRM after MSC and UCB co-infusion compared to these 
earlier trials.

Delayed neutrophil and platelet engraftment as well as delayed im
mune recovery are of concern in UCBT, as this may lead to an increase in 
deleterious infectious and bleeding complications, and lead to increased 
TRM [20–24]. Also, cell dose is a factor that significantly impacts 
engraftment [6]. In our trial, most patients received a double cord blood 
transplantation, and all patients received a cell dose of at least 3 × 107 

TNC/kg (single UCB dose was approximately 3,1 × 107 TNC/kg, for 
double UCB transplantation median cell dose was higher at 4,7 × 107 

TNC/kg). Laughlin et al. reported neutrophil engraftment after a median 
of 27 days and platelet engraftment after a median of 58 days in a report 
on 68 single unit UCBT in 2001 [5]. Later studies show that neutrophil 
engraftment after double UCBT varies between 20 and 30 days, and 
median platelet recovery varies between 40 and 50 days [7,20,22,25]. 
Time to engraftment might be an important prognostic factor in UCBT. 
Brunstein and colleagues compared double UCBT to matched related, 
unrelated and mismatched unrelated donor transplant. They found that 
TRM was highest in the double UCBT, however this was only maintained 
if neutrophil recovery was delayed beyond 26 days [22]. Different 
strategies have been studied to improve engraftment after UCBT, 
thereby decreasing infectious complications. Anand et al. expanded UCB 
units with nicotinamide (NiCord) and compared this to single and 
double CBT. Nicotinamide inhibits differentiation and enhances the 
functionality of the haematopoietic progenitor cells during ex vivo 
expansion. They found accelerated neutrophil engraftment in the NiC
ord cohort with a median time to engraftment of 12,5 days versus 26 

Table 1 
Overview of the characteristics of all patients included in the trial. (M = male, F 
= female, AML = acute myeloid leukemia, CR = complete remission, MDS =
myelodysplastic syndrome, DLBCL = diffuse large B-cell lymphoma, RIC =
reduced intensity conditioning, MAC = myeloablative conditioning, UCB =
umbilical cord blood).

Median age (range) 43years (20–66years)

M/F 6/5
Underlying disease

Acute leukemia 8
AML CR1 3
AML CR2 4
ALL CR1 1
MDS 1

DLBCL 2
Transplantation

RIC/MAC 4/7
Single/double UCB 2/9
Median cell dose UCB (range) 4,25 (3,06–5,79) x 107 TNC/kg

Table 2 
Overview of the outcome parameters in this trial. *median (range).

TRM at day 100 18 %

TRM at 12 months 36 %
Overall survival at 12 months 55 %
Disease relapse 1/11
GVHD 1/11
Engraftment data:

Neutrophil engraftment 16 days (7–36 days)*
Platelet engraftment 27 days (18–38 days)*
Graft failure 0
Chimerism at 12 months 5/6 complete donor chimerism 

(6 patients reached day 365)
Timepoint (days) Lymphocyte count (/mm3)

100 700 (354–1648)* (n = 9/9)
180 1170 (600–2735)* (n = 7/8)
365 2220 (1230–2718)* (n = 4/6)

Table 3 
Overview of infections reported in this study population.

Pathogens Incidence

Bacteria 14 episodes
Fungal 5 episodes
Viral 13 episodes

CMV 5 episodes
EBV 3 patients (1 PTLD)
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days in the control group. This correlated with less grade 2–3 infections 
in the NiCord treated patients [26]. Another approach that has been 
studied is co-transplantation of haploidentical stem cells (Haplo-Cord) 
and UCB. Van Besien and colleagues compared 97 patients treated with 
the Haplo-Cord protocol (single UCB + T-cell depleted haploidentical 
stem cells) to 193 patients treated with double UBCT. By day 30, 90 % of 
Haplo-Cord patients had attained neutrophil recovery versus 82 % of 
patients in the double cord group. There was a clear difference in 
platelet recovery: 58 % of Haplo-Cord patients had platelet recovery at 
day 30 compared to 12 % of double UCBT patients [27]. In our setting of 
co-transplantation of MSC and cord blood cells time to neutrophil and 
platelet recovery was clearly acceptable with a median of 16 and 27 
days, respectively. There were no graft failures. Although this is a small 
cohort, this might indicate that co-infusion of MSC and UCB shortens 
time to engraftment, especially platelet engraftment.

Some authors argue that the speed of lymphocyte recovery is also 
linked to the risk of (fatal) infectious complications [28]. Unfortunately, 
lymphocyte phenotyping was not performed regularly in our study, 
therefore we do not have enough data on B- and T-cell recovery. We did 
find that total lymphocyte count returned to normal at 6 months after 
co-transplantation and nearly all patients evaluated at day 30 reached a 
lymphocyte count > 200/µL. Due to the small sample size we cannot 
confirm the benefit of a speedy lymphocyte recovery. Only one patient 
died of opportunistic infections after day +180, with a lymphocyte 
count of 1170/µL.

Given the immunosuppressive qualities of MSC, there might be a 
concern for excess infectious complications. However, previous studies 
have shown that the use of MSC does not increase the risk for fatal in
fections per se [11]. In our study cohort we observed various infectious 
complications, viral infections accounting for 41 % of all causative 
agents identified and at the end of follow-up (median follow-up 12 
months, range 1,5–12 months), 2 deaths were attributable to infection. 
This concurs with the data presented by Parody et al. they observed a 
higher incidence of infections in UCBT patients as compared to bone 
marrow or peripheral blood stem cell transplantation, but this did not 
result in a difference in infection related mortality between both groups 
[23]. In our small cohort co-infusion of MSC and UCB does not appear to 
be complicated by excess infectious episodes, however, this finding 
needs to be confirmed in a bigger cohort.

Since MSC could mitigate occurrence or severity of graft versus host 
disease and UCBT appears to induce less graft versus host disease than 
(mis)matched unrelated peripheral blood stem cell transplantation, this 
is also an interesting outcome parameter to study [11,29]. In our small 
cohort GVHD incidence was low despite HLA mismatching: only 1 pa
tient developed grade II acute GVHD. We did not observe an excess 
relapse rate in this cohort of mainly high-risk patients.

In conclusion, this trial shows that allogeneic stem cell trans
plantation after co-infusion of MSC and UCB in the treatment of hae
matological disorders is feasible and safe. Additionally, our data suggest 
an acceptable haematopoietic recovery and a very low rate of GVHD, as 
compared to other published data. However, recruitment in this study 
was very slow, this is probably due to the introduction of post- 
transplantation cyclophosphamide and the progressive shift of cord to 
haplo-identical transplantation witnessed in the EBMT network over the 
past 10 years [30]. Considering the slow accrual rate in this trial at the 
start and the competition with haplo-identical donors in recent years, 
the BHS steering committee decided to stop the trial despite these 
encouraging results. However, in the current era UCB transplantation 
remains a valuable option: overall survival after UCB transplantation is 
similar compared with haploidentical and mismatched unrelated do
nors, stem cells are readily available for urgent transplants and some 
data suggest it is even better than mismatched donors in high-risk AML 
patients [31]. Our data show that co-infusion of MSC and UCB might 
overcome some of the drawbacks of UCB transplantation.
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