Letter to the Editor

Haploidentical CD3 TCR«af and
CD19-depleted second stem cell
transplant for steroid-resistant
acute skin graft versus host disease

To the Editor:

Steroid-resistant acute graft versus host disease (aGvHD) is a
significant cause of morbidity and mortality after hematopoietic
stem cell transplantation (HSCT).'~ Although many treatments
are available, there is significant morbidity and mortality from
the biological effects of aGvHD and the toxic adverse effects of
therapy. Patients who fail to respond to steroids have a worse
outcome. Second-line treatment options include extracorporeal
photopheresis, mycophenolate mofetil (MMF), anti-TNF-a anti-
bodies, or mammalian target of rapamycin inhibitors. In concept,
GvVHD is a form of autoimmunity (or at least alloimmunity), and
so replacing damaging T lymphocytes may give the opportunity
to “re-set” the immune system, enabling thymic education and
development of central tolerance.” Patients who undergo trans-
plantation for primary immunodeficiency often have preexisting
comorbidities, particularly viral infections and tissue damage
secondary to inflammation, exacerbated by alloreactive T lym-
phocytes that cause aGvHD and the intense immunosuppression
used to treat it. Performing a second transplant with further
tissue-damaging chemotherapy to eliminate alloreactive
lymphocytes, and subsequent replacement with new alloreactive
lymphocytes, capable of being primed by cytokines released by
tissue damage and viral infection may therefore seem counterin-
tuitive. Tkegame et al’ reported 15 adult patients with malignant
disorders with severe, steroid-refractory aGvHD who were
treated by allogeneic HSCT using grafts from a second allogeneic
donor. The response rate was 80.0%, with an overall survival of

TABLE I. Transplant characteristics

44.6% in this high-risk population at 6 months.” Although
T-lymphocyte—depleted allografts reduce the risk of aGvHD,
the patient remains extremely vulnerable to viral infection until
thymopoiesis is achieved, around 120 days post-HSCT (or longer
in the face of aGvHD-induced thymic damage). A recent
modification in T-lymphocyte—depleted HSCT, CD3 TCRaf/
CD19-depletion, has shown promising results in speed of immune
reconstitution, lack of aGvHD, and clearance of viral infection in
various malignant and nonmalignant diseases.®®

We report a 3-year-old girl with Artemis-deficient severe
combined immunodeficiency (homozygous ¢.103C>G exon 1
DCLREIC), the first child of nonconsanguinous parents. She
presented at age 4 months with inflammation at her BCG
vaccination site, associated axillary lymphadenopathy, and oral
candidiasis. A matched unrelated donor cord blood transplant
was performed (see Table I). She had 100% donor chimerism
from day +28. The posttransplant course was complicated by
disseminated adenovirus infection and prolonged norovirus
excretion, requiring total parenteral nutrition, and she
developed BCG immune reconstitution syndrome. Despite the
use of low-dose alemtuzumab pre—HSCT,g a 10 out of 10
HLA-matched cord donor, and ciclosporin plus MMF as GvHD
prophylaxis, she developed skin aGvHD grade 3. Biopsy showed
parakeratosis, necrotic keratinocytes in all layers of the
epidermis, an interstitial inflammatory infiltrate in the superficial
dermis with lymphocyte exocytosis, spongiosis, and focal basal
cell vacuolation. This did not resolve with topical therapy plus
systemic methylprednisolone 2 mg/kg, MMF, weekly infliximab,
and extracorporeal photophoresis (16 cycles) over the next
10 months. Her rash resolved briefly after rabbit ATG 25 mg/kg
(Thymoglobulin), but flared up 10 days later, again confirmed
histologically as skin aGvHD grade 3. There was no evidence

Age at HSCT Lineage-
Donor GvHD Nucleated/kg CD34+/Kg CD19+/kg TCR «fi/kg TCR yd/kg NK/kg Neutrophil specific donor
Tissue type Conditioning prophylaxis (x108) (x10%) (x10%) (x10%) (x107)  (x107) engraftment chimerism (%)
First transplant Alemtuzumab CsA/MMF 0.97 0.46 — — — —  Day +33 T 100
7 mo 0.3 mg/kg B 100
10/10 HLA-matched Treosulfan CD15 100
unrelated donor 36 g/m?
cord Fludarabine
Patient and donor 150 mg/m?
A 0101, A 0201
B 0801, B 4102
C 0701, C 1701
DR 0301, DR 1303
DQ 0201, DQ 0301
Second transplant Alemtuzumab MMF/ 8.8 10.2 <3.5 39 0.98 2.7 Day +12 T 100
18 mo 1 mg/kg Tacrolimus B 100
Mother Treosulfan CD15 100
A 0101, A 0301 36 g/m?
B 0702, B 0801 Fludarabine
C 0701, C 0702 150 mg/m?
DR 0101, DR 0301 Thiotepa
DQ 0201, DQ 0501 15 mg/kg

CsA, Ciclosporin; NK, natural killer.
Boldface indicates standard tissue typing values.
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TABLE II. Latest lymphocyte subsets and immunoglobulins

Subset markers/

immunoglobulins Results Age-related normal

CD3+ 967 cells/pL 900-4500 cells/uL
CD4+ 652 cells/pL 500-2400 cells/pL
CD8+ 263 cells/pL 300-1600 cells/pL
CD19+ 465 cells/pL 200-2100 cells/pL
NK 272 cells/pL 100-1000 cells/pLL
CD4+ naive 251 cells/pL NA

CD4— naive 193 cells/pL NA

1gG 6.9 g/L 4.9-16.1 g/L
IgA 0.21 g/L 0.4-2.0 g/L
IeM 1.66 g/L 0.5-2.0 g/L

NA, Not applicable/available; NK, natural killer.

of gut or liver GVvHD at any time (she had upper and lower gut
biopsies 3 and 10 months after the first transplant) and no
evidence of chronic GvHD. Despite first-, second-, and third-
line treatments, aGvHD was ongoing, she had had disseminated
adenovirus, had persistent norovirus enteritis necessitating total
parenteral nutrition, and required antihypertensive medication
because of prolonged administration of steroids and calcineurin
inhibitors. We felt that we were unlikely to resolve the ongoing
alloimmune response without drastic measures, and that the
patient would succumb to viral infection or other complications
of intense and ongoing immunosuppression.

A second transplant was performed after 11 months to treat
refractory GvHD using her mother as a haploidentical donor with
G-CSF-mobilized peripheral blood stem cells and CD3 TCRa3/
CD19 depletion using the CliniMACs (Miltenyi Biotech, Bergisch
Gladbach, Germany) system due to the reported low risk of
aGvHD using this technique.® She developed capillary leak and
mild pneumonitis with engraftment and adenovirus detected by
PCR in blood. She was treated with methylprednisolone 2 mg/
kg, infliximab, and cidofovir. From day +25 posttransplant she
developed increasing platelet and red blood cell transfusion re-
quirements, increasing creatinine, uncontrolled hypertension, and
proteinuria. Based on low haptoglobin, increase in lactate
dehydogenase, and widespread fragmented red cells in blood
film together with her clinical picture, a diagnosis of thrombotic
microangiopathy was made. Tacrolimus was discontinued, steroids
weaned, and defibrotide given for 6 weeks. Defibrotide is a recog-
nized treatment for endothelial dysfunction and in this case led to a
clinical improvement.'’ Her adenoviremia cleared on day +127.
Ten months after second HSCT she developed autoimmune throm-
bocytopenia with antiplatelet antibodies detected, which re-
sponded to high-dose immunoglobulin and methylprednisolone,
which was subsequently weaned and stopped (see Table El in
this article’s Online Repository at www.jacionline.org).

She is now more than 24 months post second transplant. She
has 100% donor chimerism consistently since day +28. She has
normal lymphocyte subsets including naive T cells and a normal
IgM level (see Table IT). All immunosuppression has been discon-
tinued. Her skin has hypopigmented and hyperpigmented patches
but no inflammatory changes. Norovirus cleared from feces
8 months after the second transplant. She is beginning to eat but
currently has a nasogastric tube in place to facilitate enteral
feeding. She has normal renal function with a creatinine level
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of 53 pwmol/L (normal, 7-62 pmol/L for age 2-12 years) and is
off antihypertensive medication.

We report a patient who has been cured of long-standing acute
GvHD following a rescue CD3 TCRa[3/CD19-depleted haploi-
dentical HSCT. Her posttransplant course was complicated by
engraftment pneumonitis, viral reactivation and thrombotic
microangiopathy, and autoimmune thrombocytopenia. Further
follow-up is required to ascertain long-term immunereconstitu-
tion. However, for recalcitrant or resistant aGvHD, which fails to
respond to conventional treatments, CD3 TCRa3/CD19-depleted
haploidentical HSCT may be considered as a curative procedure.

Mary Slatter, MD™"

Zohreh Nademi, PhD*?

T. Ronan Leahy, MB, MRCPI*
Beatriz MorilloGutierrez, MD*
Janice Dunn’

Dawn Barge, PhD*

Roderick Skinner, PhD"
Clodagh Ryan, MB, MRCPI, FRCPath’
Sophie Hambleton, PhD*"
Mario Abinun, PhD“"

Terence Flood, MD*

Andrew Cant, MD*"

Andrew Gennery, MD”

From “the Department of Paediatric Immunology and Sthe Institute of Cellular Medi-
cine, Newcastle upon Tyne University, Newcastle upon Tyne, United Kingdom;
°Our Lady’s Children’s Hospital, Dublin, Ireland; “the Haematology Transplant Lab-
oratory, Cellular Therapies Facility, Newcastle upon Tyne, United Kingdom; °the
Regional Immunology Laboratory, Newcastle upon Tyne, United Kingdom; and
fthe Mercy University Hospital, Cork, Ireland. E-mail: mary.slatter @nuth.nhs.uk.

Disclosure of potential conflict of interest: R. T. Leahy received travel support from
Baxter and Fannin Medical. A. Cant has received lecture fees from LFB Bio-
medicants. The rest of the authors declare that they have no relevant conflicts of
interest.

REFERENCES

1. Ferrara JL, Levine JE, Reddy P, Holler E. Graft-versus-host disease. Lancet 2009;
373:1550-61.

2. Jacobsohn DA. Acute graft-versus-host disease in children. Bone Marrow
Transplant 2008;41:215-21.

3. Pai SY, Logan BR, Griffith LM, Buckley RH, Parrott RE, Dvorak CC, et al.
Transplantation outcomes for severe combined immunodeficiency, 2000-2009.
N Engl J Med 2014;371:434-46.

4. Taniguchi Y, Yoshihara S, Hoshida Y, Inoue T, Fujioka T, Ikegame K, et al.
Recovery from established graft-vs-host disease achieved by bone marrow trans-
plantation from a third-party allogeneic donor. Exp Hematol 2008;36:1216-25.

5. Ikegame K, Yoshihara S, Taniguchi Y, Kaida K, Inoue T, Okada M, et al.
Allogeneic stem cell transplantation as treatment for heavily treated, refractory
acute graft-versus-host disease after HLA-mismatched stem cell transplantation.
Exp Hematol 2011;39:880-90.

6. Bertaina A, Merli P, Rutella S, Pagliara D, Bernardo ME, Masetti R, et al.
HLA-haploidentical stem cell transplantation after removal of alphabeta+ T and
B cells in children with nonmalignant disorders. Blood 2014;124:822-6.

7. Locatelli F, Bauquet A, Palumbo G, Moretta F, Bertaina A. Negative depletion of
alpha/beta+ T cells and of CD19+ B lymphocytes: a novel frontier to optimize the
effect of
transplantation. Immunol Lett 2013;155:21-3.

8. Kharya G, Nademi Z, Leahy TR, Dunn J, Barge D, Schulz A, et al. Haploidentical
T-cell alpha beta receptor and CD19-depleted stem cell transplant for Wiskott-
Aldrich syndrome. J Allergy Clin Immunol 2014;134:1199-201.

9. Lane JP, Evans PT, Nademi Z, Barge D, Jackson A, Hambleton S, et al. Low-dose
serotherapy improves early immune reconstitution after cord blood transplantation

innate immunity in HLA-mismatched hematopoietic stem cell

for primary immunodeficiencies. Biol Blood Marrow Transplant 2014;20:243-9.

10. Laskin BL, Goebel J, Davies SM, Jodele S. Small vessels, big trouble in the
kidneys and beyond: hematopoietic stem cell transplantation-associated thrombotic
microangiopathy. Blood 2011;118:1452-62.

http://dx.doi.org/10.1016/j.jaci.2015.12.1335


http://www.jacionline.org
Delta:2_given name
Delta:2_surname
Delta:2_given name
Delta:2_surname
Delta:2_given name
Delta:2_surname
Delta:2_given name
Delta:2_surname
Delta:2_given name
Delta:2_surname
Delta:2_given name
Delta:2_surname
Delta:2_given name
mailto:mary.slatter@nuth.nhs.uk
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref1
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref1
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref2
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref2
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref3
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref3
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref3
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref4
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref4
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref4
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref5
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref5
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref5
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref5
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref6
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref6
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref6
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref6
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref7
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref7
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref7
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref7
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref7
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref7
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref8
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref8
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref8
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref9
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref9
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref9
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref10
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref10
http://refhub.elsevier.com/S0091-6749(16)00263-3/sref10
http://dx.doi.org/10.1016/j.jaci.2015.12.1335

J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER um

TABLE E1. Steroid doses post second transplant

Day/date Dose Reason
23/10/13 Day 0 5 mg
Weight 9 kg

Day +3 2.5 mg

Day +26 2 mg/kg Pneumonitis

Day +29 1.5 mg/kg

Day +31 2 mg/kg Pneumonitis

Day +40 1.5 mg/kg

Day +52 1 mg/kg

Day +59 0.5 mg/kg

Day +75 2 mg/kg Pneumonitis but also
adenovirus

Day +77 1 mg/kg

Day +85 2 mg/kg Worsening respiratory
status thrombotic
microangiopathy
diagnosis made
so steroids weaned

Day +94 1 mg/kg

Day +101 0.75 mg/kg

Day +107 0.5 mg/kg

Day +111 0.25 mg/kg

Day +121 0.125 mg/kg

Day +125 0.125 mg/kg

alternate days
Day +164 Stopped
10 mo post 2 mg/kg Autoimmune
04/09/14 thrombocytopenia

18/9/14 1.5 mg/kg

October 2014 0.5 mg/kg

31/10/14 1.5 mg/kg then weaned Further drop in platelets

January 2015
Weight 10 kg
February 2015
April 2015
June 2015
September 2015

End of October
2015

7.5/5 mg alternate days

5/2.5 mg alternate days

2.5 mg daily

2.5 mg alternate days

Prednisolone stopped.
Switched to
hydrocortisone
maintenance

Off all steroids
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