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option in children without a matched donor, or after
graft failure: Experience at the National Institute of

Pediatrics

Abstract

Hematopoietic stem cell transplantation is a widely used therapy for different diseases in the
pediatric population. Haploidentical transplantation with negative immunoselection using
electromagnetic fields is an alternative for those patients without an HLA-matched donor.

Twenty pediatric patients under 18 years old received a haploidentical CD3+/CD19+-
depleted transplant due to the absence of an HLA-matched donor. The mean age at which
HSCT was performed was 6.6 years (range 1-18 years), and clinical indications were: acute
lymphoblastic leukemia (9 patients), primary immunodeficiency (8 patients), acute myeloid
leukemia (2 patients), and severe aplastic anemia (1 patient). The medium dose of cells
infused was 10.9 (min. 2, max. 32) x 10%kg CD34+ cells, 3.2-4.1 x 10°/kg CD3+ cells and
2.4-3.7 x 10°/kg CD19+ cells. Results: Eleven of the twenty patients had donor engraftment
(55%) and had complete chimera of their donors. From this group, nine (45%) developed
primary graft failure, and four (36%) developed graft-versus-host disease. In the group of
leukemia patients, overall survival was 75% while event-free survival was 40%.

Haploidentical transplantation with negative immunoselection is a useful and feasible
strategy for children without an ideal donor. In our cohort, patients with acute leukemia had
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Introduction

In recent years, indications for hematopoietic stem cell
transplantation (HSCT) in children have increased, and more patients
are candidates to receive an HSCT. One of the main limiting factors
to offer this therapy for more patients is the lack of human leukocyte
antigen (HLA) -matched donors, and particularly in our country,
a lack of a national donor registry. ' Since the 1980s, strategies
to solve this problem have been explored by obtaining cells from
alternative donor sources, mostly unrelated umbilical cord blood and
related haploidentical donors.** Since the early 1990s, experience
around the world has shown that the HLA-incompatibility barrier

may be bypassed by using related donors with at least one of the two
compatible Major Histocompatibility Complex haplotypes, and by
increasing the dose of transplanted progenitor cells. The haploidentical
transplant approach is currently accepted as an alternative for HSCT,
both in children and adults who do not have an HLA-matched related
or unrelated donor."*” Based on this principle, all children requiring
an HSCT may have a potential donor in one of their parents. Using
a haploidentical donor may condition additional risks to the patient,
mainly a higher risk to develop graft-versus-host disease (GvHD).

During the last few years, many groups around the world have
implemented new strategies to overcome this issue."”® Procedures used
to prevent GvHD in haploidentical transplants include: in vivo T-cell
depletion with post-transplant cyclophosphamide administration.>!
ex-vivo pharmacological manipulation of the graft,'"1> use of intense
immunosuppression or myeloablative conditioning regimens,'>*
and more recently ex-vivo cell manipulation with magnetic immuno-
selection to deplete and/or enrich the cells present in the graft before
transplantation. Handgretinger et al. have shown that the positive
immunoselection for CD34+ hematopoietic stem cells (HSC), offers
a high possibility of engraftment and decreased the frequency of
GvHD. The main disadvantage of CD34+ cells positive selection
is an incomplete immune reconstitution after HSCT, notably in the
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B-cell compartment, which subsequently increased the probability of
a leukemia relapse with loss of the graft, as well as an increased risk of
post-transplant viral infections and complications, especially Epstein
Barr Virus -associated lymphoproliferative disease.!!

A potential strategy to overcome these problems is depleting T
lymphocytes (CD3+) and B lymphocytes (CD19+) from the graft
using ex-vivo negative immunoselection. This methodology maintains
CD34+ HSC in the graft, as well as other immunological-competent
cells like neutrophils, monocytes, and NK cells which help to achieve
a faster and better immune reconstitution with less risk of infection
and at the same, time reducing the risk for GvHD usually mediated by
donor T-cells in the recipient tissues.'s'#

Here, we report the results for a cohort of children without an
HLA-matched donor who received an HSCT from haploidentical
related donors after ex-vivo negative immunoselection of CD3+ and
CD19+ cells at the National Institute of Pediatrics in Mexico.

Methodology

Twenty pediatric patients between one and eighteen years old
received a haploidentical HSCT. We performed a haploidentical
HSCT, as a first HSCT option, due to the lack of an HLA-matched
donor (n=16), or in case of primary graft failure after a previous
HSCT from a cord blood unrelated donor (n=4) (Table 1). All patients
were assessed by our institution’s HSCT and Ethics Committee.
Patients and parents or guardians were informed of haploidentical
transplant risks and benefits through a comprehensive process.
Parents or guardians, and patients older than nine years signed an
explicit letter of consent before starting the HSCT process. In the
same way, the risks and benefits of the procedure was communicated
to all haploidentical donors, and they were not forced at any moment
to accept being a donor for HSCT. The Committee of Ethics from our
institution informed the parents about the principles of confidentiality
and protection of data.

Two-digit resolution HLA-compatibility tests for class I and II
antigens were performed by PCR-SSP at the Hemato-Oncology
laboratory. Before HSCT, all patients were assessed to rule out any
organ dysfunction, and if present, to prevent further complications
before, during, and after transplantation. HSCT recipients were
conditioned with fludarabine 30 mg/m2 for five days, anti-thymocyte
globulin 1.5 mg/kg/day for three days, one dose of total nodal
radiation (7 Gy), and melphalan 70 mg/m2/day for two days (Figure
1). All patients received GvHD prophylaxis with cyclosporine at
doses adjusted by plasma concentration. After HSCT, serum viral
loads for cytomegalovirus and Epstein Barr Virus were measured
by real-time polymerase chain reaction weekly during the first six
months, biweekly from six to twelve months, and monthly afterward.

HSC peripheral mobilization was obtained from all donors by
using 10 mcg/kg/dose of granulocyte-colony stimulating factor
once a day for three days, and two doses during the fourth day. HSC
were collected at the 5th day by leukapheresis (COBER 7.0 Spectra
Apheresis System), and quality control studies were performed
by flow cytometry (FACS CANTO, Becton Dickinson) measuring
initial CD34+, CD3+ and CDI19+ cell counts, as well as CD45+
cell viability, assessed by using International standard methodology
(ISHAGE). After collection, the donor cells were processed
immediately, CD3+ and CD19+ cells were depleted from the graft
using a CliniMACS® system (Milteny Biotecbergish-Gladbach,
Germany) as recommended by the manufacturer. The cells were

Copyright:
©2020 Olaya-Vargas et al. 6

washed twice with phosphate-buffered saline (PBS) supplemented
with ethylenediaminetetraacetic acid and 0.5% human albumin
followed by incubation with CliniMACS® anti-CD3 and anti-CD19
antibodies directly conjugated to magnetic microbeads. Following the
manufacturer’s recommendation, one vial of CD3 antibody was used
for every 4 x 10" mononuclear cells (MNC) with up to 15x10° CD3+
cells expected to be depleted; one vial of anti-CD19 with a maximum
depletion capacity of 5x10° CD19+ cells, was also used. However,
since the depletion of T-cells was not as expected, the dose of anti-
CD3 was doubled according to the new manufacturer’s instructions.
The log goal for depletion was 3.0-4.1 for CD3+ and 2.2-3.7 for
CD19+. Cells were under continuous agitation for 30 minutes,
washed once with CliniMACS® PBS buffer, then resuspended in 150—
200 mL buffer solution and processed with the CliniMACS® system
employing large set /tubing set and depletion tubing set separation
columns for depletion using the Depletion 3.1 software."

CD3+/CD19+ Depleted Haploidentical HSCT
“Reduced-Intensity Conditioning Scheme”

:] Fludarabine (5 x 30 mg/m2)
D Melphalan (2 x 70 mg/m2)
I I I Inrs[w.smgmcllTNlt?'Gv)
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HSCT
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Meodified from: Rupert Handgretinger et al

Figure | Conditioning regimen used for Haploidentical HSCT

Reduced intensity conditioning regimen for all the patients receiving
haploidentical HSCT.

ATG, anti-thymocyte globulin; TNI, total nodal radiation; HSCT, hematopoietic
stem cell transplantation; CsA, Cyclosporin A

When donor CD34+ cell count was suboptimal after CD3+/
CD19+ depletion, a two-step procedure was performed to enrich
the final product. First, CD3+/CD19+ depletion was performed and
in a second step, the negative fraction was enriched by performing
a CD34+ positive selection, obtaining a CD3+/CD19+ depleted
-CD34+ enriched the final product for transplantation.

After HSCT, engraftment was evaluated from day three after
infusion, and defined as a neutrophil count >500 cells/uL for three
consecutive days. Chimerism analysis post-HSCT was analyzed by
phenol techniques, and chimerism was defined as complete (>95%) or
partial (< 95%). Post-HSCT immune reconstitution was assessed by
measuring CD3+, CD3+CD4+, CD3+CD8+, CD19+, and CD16+56+
cells by flow cytometry at three, six, nine, twelve, and eighteen
months post-transplant.

Descriptive statistics of epidemiologic variables was performed. A
bivariate analysis was performed using Chi-Square and T student tests
for qualitative variables. Overall survival (OS) and event-free survival
(EFS) curves are represented using Kaplan Meier curves. Differences
in OS and EFS were analyzed by the log-rank test, comparing groups
based on cell dose, age, gender, paternal or maternal donor. p < 0.05
results were considered as statistically significant. We used SPSS 20.0
program for all the statistical analyses.
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Results

Twenty pediatric patients (ten males and ten females) received a
haploidentical HSCT in our Institution from 2009 to 2014. The mean
age at transplantation was 6.6 years (range 1 to 18 years). Indications
for HSCT were acute lymphoblastic leukemia (ALL) (n=9), acute
myeloid leukemia (AML) (n=2), severe aplastic anemia (SAA) (n=1)
and primary immunodeficiencies (PID) (n=8). From PID patients,
four had severe combined immunodeficiency (SCID), one Griscelli
syndrome, one Leukocyte-adhesion deficiency (LAD), one Hyper-
IgM syndrome, and the remaining, chronic granulomatous disease
(CGD) (Table 1). The donor was the patient’s mother in seventeen
transplants and the patient’s father in three. The mean count of infused
cells was 10.9 (min. 2, max. 32) x 10%kg CD34+ cells, 3.2-4.1 x 10%/
kg CD3+ cells and 2.4-3.7 x 105/kg CD19+ cells.

The Haploidentical HSCT was used as a rescue on primary graft
failure to transplantation of the umbilical cord blood in 4 patients
and secondary graft failure in 4 patients. The average of the second
transplant preparation time was 6.5 months (range 1-12 months).

In patients who received a CD34+ cell dose superior or equal than
10 x 10%kg, OS was 80% while those who received less than 10%/kg
showed an OS of 40%, both at 40 months follow-up. The difference in
OS regarding the cell dose was not statistically significant (p=0.71).
There was no statistical significance in the frequency of relapses
related the graft’s cell dose.
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Figure 2 Immune Reconstitution after Haploidentical HSCT
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Of the twenty patients, eleven (55%) showed engraftment with
complete chimerism and nine (45%) had primary graft failure. The
Average time for myeloid engraftment was twelve days after HSCT.
From the eleven patients with full chimerism, two lost their graft
due to ALL relapse at four- and twelve months post-transplantation
respectively, and one lost it 21 months after transplantation due to
Cytomegalovirus infection. The mean hospitalization time was 35
days, ranging from 10 to 82 days (Table 1). The four patients who
received haploidentical HSCT as a rescue therapy after primary graft
failure from a cord blood transplant were alive and showed complete
chimerism at 40-months follow up.

Of the 11 patients with complete chimerism, four developed
acute GVHD grade I (n=3) and grade III (n=1), affecting the skin and
gastrointestinal tract. None of the patients developed chronic GvHD.
In the eleven patients who achieved engraftment, immunological
reconstitution was assessed showing early recovery of cytotoxic
T-lymphocytes (CD3+CD8+) and NK cells (CD16+CD56+) cell
counts from the first evaluation at three months after HSCT in all
patients. T- Helper lymphocytes (CD3+CD4+) cell counts achieved
the normal range between six and nine months post-transplantation.
CD4+/CD8+ ratio was 0.6-1.0 at three months post-transplant and 1.2-
1.8 at twelve months. B-lymphocytes (CD19+) cells count increased
progressively from six to twelve months post-transplant, however,
immunoglobulin levels in serum were low at six months after HSTC
in 8/11 patients, and the time to achieve normal levels was variable
(Figures 2A-2C).

Figure 2B
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Follow-up after haploidentical HSCT with CD3+/CD 19+ ex-vivo depletion in |3 patients who engrafted, shows immune reconstitution at 3, 6,9, 12 and 18
months post-transplantation: 2A shows total CD4+ cell count (cells/mm?), 2B shows total CD8+ cell count (cells/mm?), and 2C shows total CD 19+ cell count
(cells/mm’) in peripheral blood.Values for median (central line), lower and upper quartile ranges (box), minimum and maximum (whiskers) are represented.
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Table | Patients submitted toHaploidentical HSCT
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aGvHD

cGVHD

Patient Gender Age Diagnosis at 2nd HSCT (Organ- (Organ- Currentstatus Deadcause Follow-up DLI
(years) HSCT after UCB (months)
Grade) Grade)
| F 10 AML, 3rd CR Yes (12) No No Relapse - 40 -
SCID + Relapse/
2 M ! OmenSyndrome No No No Deceased Sepsis (1) ) )
3 F | ALL, 4th CR No No No Deceased Relapse/ - -
Sepsis (I)
4 M 2 SCID Yes (7) No No Relapse (21) - 35 -
5 M 4 ALL,3rd CR No No No Deceased Relapse/IC -
Bleeding (4)
6 F 8 ALL,3rd CR No No No Relapse - 27 -
Relapse/
7 M 3 ALL, 3rd CR No No No Deceased Zygomicosis - -
3
8 F | GriscelliSyndrome No No No Deceased B Lymphoma/ - -
Sepsis
9 M 3 ALL, 5th CR Yes (1) GI-l/Skin-II Lung Relapse - 13 Yes
Alive/
10 F I AA Yes (11) No No GraftFailure - 19 -
Il F 12 ALL, 3rd CR UCB + Haplo No No Deceased Relapse - -
Alive/
12 F 4 ALL, 5th CR Yes (2) No No GraftFailure - 10 -
13 M 2 LAD Yes (10 N N Alive/ 10 Ye
es (10) ° ° GraftFailure ) s
Hyper- Alive/
14 M 8 IgMSyndrome UCB + Haplo  No No GraftFailure ) ? .
. Alive/
15 F 2 SCID Yes (9) GI-lll/Skin-1l No GraftFailure - 9 Yes
16 M 13 ALL,3rd CR No GI-ll/Skin-Il - No Relapse - 7 Yes
17 M | SCID UCB + Haplo  No No Relapse - 4 -
Alive/
18 F 6 AML, 3rd CR No No No GraftFailure - 4 -
19 M 16 ALL, 4th CR Yes (2) No No Relapse - 3 -
20 F 6 CGD No No No Alive - 4 -

UCB, umbilical cordblood; DLI, donorlymphocyteinfusion; aGvHD, acutegraft versus host disease, cGvHD, chronicgraft versus host disease; HSCT,
hematopoieticstemcelltransplantation; F, female; M, male; AA, Aplastic Anemia,ALL, acutelymphoblasticleukemia;AML, acutemyeloidleukemia; LAD,
leucocyteadhesiondeficiency; SCID, severecombinedimmunodeficiency; Haplo, haploidentical; CDG, chronicgranulomatousdisease

The OS in our cohort is 70% after 40 months of follow-up (Figure
3). The EFS for our patients with leukemia was 40%, while in children
with PID was 15% (Figure 3B). Donor lymphocyte infusion (DLI)
was used in five patients with secondary graft failure using a three-
dose scheme with a progressive increase of cell dose. In two patients,
engraftment recovery was achieved after DLI. Fourteen of the twenty
patients are alive at the time of this report. Six patients died due to
relapse of the malignant disease (n=3), or GVHD (n=3). Four patients
died during the immediate post-transplant period due to infections.

Discussion

Different methodologies have been implemented by multiple
research groups to overcome the disparity in one haplotype of the
Major Histocompatibility Complex among donor and recipient
when haploidentical HSCT is performed.'’® These strategies include
in-vivo T cell depletion with cyclophosphamide administered post-
transplant,”!* ex-vivo pharmacological manipulation of the graft,' !
and the use of conditioning regimens that produce an intense
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immunosuppression.'*!* In our series, twenty patients without an ideal
donor were treated with a haploidentical HSCT using an ex-vivo CD3+
and CDI19+ depletion approach by immunoselection (CliniMacs
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system). We achieved engraftment in eleven patients (55%), which is
similar to the results previously reported by our group,' and slightly
below to what is reported in developed countries.®’

Figure 3A Figure 3B
Overall Survival in Chidren (n=19) Receiving Haploidentical Event-Free Survival in Chidren Receiving Haploidentical
HSCT at National Institute of Pediatrics, México (2009 — 2012). HSCT by Diagnosis.
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Figure 3 Overall and Free-Event Survival after Haploidentical HSCT

Follow-up (months)

Kaplan-Meir plots showing: 3A Overall survival for all the patients receiving haploidentical HSCT, 3B Free-event survival by diagnosis (ALL n=9,AML n=2, SAA
n=1, PID n=8) for which haploidentical HSCT was indicated, 3C Overall survival for patients who received haploidentical HSCT with (n=4) and without (n=16)
previous cord blood HSCT, and 3D Free-event survival for patients who received haploidentical HSCT with (n=4) and without (n=16) previous cord blood
HSCT.

HSCT, Hematopoietic stem cell transplantation; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; SAA, severe aplastic anemia; PID, primary

immunodeficiency

We found that primary graft failure is more frequent in patients with
PID. We used CD34+ cell doses similar to what has been published in
other series,*! and we found no statistically significant differences in
OS when comparing the results based on CD34+, CD3+, or CD19+
cell doses. It is worth mentioning that despite higher than expected
CD3+ cell count in the graft after the depletion, we did not observe an
increase in the frequency or severity of GVHD compared to what is
reported in the literature.®?-%

It is also important to note that the use of DLI after transplantation
was a useful strategy in patients undergoing haploidentical HSCT
with early signs of primary graft failure, and we achieved engraftment
recovery in two patients. However, in the patients who received
DLI, the frequency and/or intensity of GVHD increased, as expected
from what is reported in the literature.>* As we can see, our patients
with primary engraftment and complete chimerism, had an early
and sustained recovery of lymphocyte counts including alloreactive
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clones, which favors graft versus leukemia effect in patients with
malignant disease.'®?>2 However, two patients with leukemia
had post-transplantation relapse, so we highlight the relevance of
determining the specificity, alloreactivity, and expression of Killer
Immunoglobulin-like Receptor genes of NK cells present in the graft
before transplantation, to select the ideal donor immunocompetent
cells, especially in children with ALL.%%

T-cell adaptive immunity reconstitution occurred between three to
nine months for the majority of our patients,* including CD4+, CD8+
cell counts, and CD4+/CD8+ ratio normalization. B-cell adaptive
immunity however reconstituted slower, taking up to 12-18 months
after transplantation for the complete recovery of B-cell counts
and immunoglobulin production. Patients should receive antibody
replacement using human immunoglobulin during this period to
prevent infections.

Only 20% of patients in our series developed GVHD, mostly limited
to the skin and we found a very low incidence of chronic GvHD.
Coincidently with other reports, the use of CD3+ and CD19+ ex-vivo
depletion diminished the risk and severity of GvHD, in comparison
with other strategies used for haploidentical transplantation.?*-°

The transplant-related mortality during the first 100 days post-
transplant in our series was 5%, which is lower than 8 and 19%
previously reported by Lang and Yoshira, respectively.” A limitation
of our study is the small number of patients.

To conclude, in this report we demonstrate that haploidentical
HSCT using ex vivo CD3+ and CD19+ negative selection is a feasible
strategy for treatment in patients who lack an ideal donor with
complete HLA-compatibility, both in patients with malignant and
non-malignant diseases who require HSCT. Also, this strategy may be
used as rescue therapy in patients who develop primary graft failure
after a blood cord HSCT.

In places like Mexico where adequate donor registries are
lacking, and many patients who require an HSCT does not have
a related HLA-compatible donor, haploidentical transplant is a
useful and practical strategy for treating more patients, and ex vivo
immunoselection techniques offer a potential solution for the partial
HLA-incompatibility and its associated complications. More efforts
are needed to improve haploidentical HSCT strategies, allowing to
obtain better outcomes in the future.
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