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Abstract

Outcomes of nonmyeloablative (NMA) haploidentical (haplo) blood or marrow transplant (BMT)
with post transplantation cyclophosphamide (PTCy) using non-first-degree relatives are unknown.
We evaluated 33 consecutive adult patients (median age, 56 years) with hematologic malignancies
who underwent NMA haplo T cell-replete BMT with PTCy at Johns Hopkins using second- or
third-degree related donors. Donors consisted of 10 nieces (30%), 9 nephews (27%), 7 first
cousins (21%), 5 grandchildren (15%), and 2 uncles (6%). Thirty-one patients (94%) reached full
donor chimerism by day 60. The estimated cumulative incidence (Cul) of grades Il to IV acute
graft-versus-host disease (aGVHD) at day 180 was 24% (90% confidence interval [C1], 9% to
38%). Only 1 patient experienced grades I11 to IV aGVHD. At 1 year the Cul of chronic GVHD
was 10% (90% ClI, 0% to 21%). The Cul of nonrelapse mortality at 1 year was 5% (90% ClI, 0% to
14%). At 1 year the probability of relapse was 31% (90% CI, 12% to 49%), progression-free
survival 64% (90% ClI, 48% to 86%), and overall survival 95% (90% CI, 87% to 100%). The 1-
year probability of GVHD-free, relapse-free survival was 57% (90% Cl, 41% to 79%). NMA
haplo BMT with PTCy from non-first-degree relatives is an acceptably safe and effective
alternative donor platform, with results similar to those seen with first-degree relatives.
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INTRODUCTION

Post-transplant cyclophosphamide (PTCy) has emerged as an effective intervention for graft-
versus-host disease (GVHD) prophylaxis after allogeneic blood or marrow transplantation
(BMT) [1].When given at a dose 0f50 mg/kg/dayon days 3 and 4 after BMT from first-
degree related HLA haploidentical (haplo) donors, PTCy results in rates of GVHD,
nonrelapse mortality (NRM), and overall survival (OS) similar to those seen with matched
donor transplants [1-6].

Despite the success ofhaplo-BMT with PTCy and other alternative donor platforms [4,7-9],
some patients still lack a suitable donor. For many of these patients a second- or third-
degree relative may be an HLA haplo match. No studies have yet evaluated the safety profile
of BMT with PTCy from haplo non-first-degree related donors.

METHODS

A prospective clinical trial of non-first-degree relative haplo BMT with PTCywas conducted
at the Johns Hopkins Hospital (NCT01203722). This protocol also included a previously
published cohort of mismatched unrelated donortransplants [10]. Ofthe 33 consecutive
patients undergoing BMT from haplo non-first-degree related donors with PTCy, 15 were on
the clinical trial. An additional 18 were treated off-protocol because of a lack of insurance
benefits for clinical trial coverage. Both the prospective clinical trial and the retrospective
analysis of additional patients, treated exactly the same, were approved by the Johns
Hopkins Institutional Review Board.

Eligible patients were ages 18 to 75 years, lacked at least a, HLA haplo first-degree related
donor or a matched unrelated donor, and had adequate organ function as previously
published [10]. All donors were second-or third-degree relatives who shared 1 inherited
haplotype with the patient. Desensitization for donor-specific antibodies was permitted and
occurred in 2 patients using previously published methods [11].

All patients received T cell-replete bone marrow grafts between September 2012 and
September 2017. Conditioning included fludarabine/ cyclophosphamide/total body
irradiation [10]. GVHD prophylaxis consisted of high-dose PTCy (50 mg/kg i.v. daily on
days +3 and +4) with mesna [1], mycophenolate mofetil from days +5 to +35, and either
sirolimus (24 patients) ortacrolimus (9 patients) from days +5 to +180[10]. Filgrastim began
on day +5.

Neutrophil recovery was defined as the first of 3 consecutive days with an absolute
neutrophil count > .5 x 10%/L. Platelet recovery was defined as a platelet count > 20 x 10%/L
without platelet transfusion in the preceding 7 days. Progression-free survival (PFS), OS,
and GVHD-free, relapse-free survival (GRFS) [12] were estimated by the Kaplan-Meier
method. Median follow-up was calculated by the reverse Kaplan-Meier method. Estimated
cumulative incidences (Cul) of relapse, NRM, count recovery, and GVHD were estimated
with competing risk methods [10,13,14]. PFS failures and graft failure were considered
competing risks for GVHD. NRM was the competing risk for relapse. Graft failure was
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defined as <5% donor chimerism in peripheral blood or bone marrow after day 60 in the
absence of bone marrow relapse. Donor chimerism was evaluated at approximately days 30,
60, 180, and 365. The database was locked on October 10, 2017.
RESULTS

Baseline patient characteristics are shown in Table 1. Donors consisted 0f10 nieces (30%), 9
nephews (27%), 7 first cousins (21%), 5 grandchildren (15%), and 2 uncles (6%). Two
patients (6%) had received prior BMTSs. Patients treated on-protocol were more likely to
receive sirolimus for GVHD prophylaxis than those off-protocol. Otherwise, there were no
significant differences between the 2 groups. The estimated median follow-up was 7.9
months.

Thirty-two patients (97%) engrafted, and 2 patients (6%) developed secondary graft failure.
Of the 3 patients with graft failure, all recovered with autologous hematopoiesis and
remained in complete remission at a mean follow-up of 11.6 + 1.9 months (range, 8 to 14.6).
By day 60, 31 patients (94%) had reached full donor chimerism. All patients achieved
neutrophil recovery by day 30 with a median time to recovery of 17 days (Figure 1A). The
median time to platelet recovery was 25 days, with 1 patient (3%) failing to recover platelet
production (Figure 1A).

The Cul of grades Il to IV acute GVHD (aGVHD) at day 100 was 14% (90% confidence
interval [CI], 3% to 25%) and at day 180 was 24% (90% CI, 9% to 38%) (Figure 1B).This
was the same (24%) in patients whose donors were matched at 5/10 HLA antigens as those
whose donors matched at >5/10 antigens. Of 5 patients with grade 1l aGVVHD, 3 had skin and
ungradable visceral involvement, whereas 2 had skin involvement only. One patient (3%)
experienced grades 111 to IV aGVHD involving the gut. By 1 year the Cul of chronic GVHD
was 10% (90% ClI, 0% to 21%) (Figure 1B). In total, 2 patients have developed any chronic
GVHD, including 1 with extensive chronic GVHD affecting the skin and mouth. The Cul of
immunosuppression use for treatment of any GVHD by 1 year was 19% (90% ClI, 6% to
32%).

The Cul of NRM was 5% at 1 year (90% ClI, 0% to 14%) (Figure 1C). Of 2 patients
experiencing NRM, 1 died of sepsis at day 174 and 1 developed sarcoma of the hip 9 months
after BMT and succumbed to this disease on day 426. By day 100, 18 patients (55%)
required unplanned admission for toxicity, including neutropenic fever, infection, heart
failure, and encephalopathy. Two patients experienced sirolimus intolerance, 1 with
pneumonitis and 1 with headaches. The Cul of relapse was 31% (90% CI, 12% to 49%)
(Figure 1C) at 1 year, with 6 patients (4 acute myeloid leukemia, 1 acute lymphoid
leukemia, and 1 Hodgkin lymphoma) experiencing relapse thus far.

Survival outcomes are shown in Figure 1D. The 1-year probability of GRFS was 57% (90%
Cl, 41% to 79%). Median GRFS was 1.2 years. At 1 year PFS was 64% (90% CI, 48% to
86%). Median PFS was not reached. The median OS was 2.0 years. Five patients have died
(3 from relapse), with an OS at 1 year of 95% (90% ClI, 87% to 100%).
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DISCUSSION

Prior literature shows the safety and efficacy of BMT with PTCy after first-degree related
haplo, MUD, and even mismatched unrelated donor transplant BMT [14-18]. However,
some patients lack an eligible first-degree related haplo donor. In this study BMT from non-
first-degree related haplo donors with PTCy resulted in rates of GVHD and NRM that were
comparable with first-degree related donor BMT. These results extend the observation of
safety and efficacy to related haplo BMT donors that are not first-degree relatives.

Given the success of the PTCy platform at mitigating GVHD, our institutional standard is
now to use nonmyeloablative BMT with PTCy using at least a haplo donor chosen on the
basis of age, ABO compatibility, and cytomegalovirus status rather than the best HLA
match. Including second-and third-degree relatives increases the likelihood of optimizing
these donor selection criteria and may improve post-BMT outcomes. Similar to prior data
with NMA BMT with PTCy, rates of relapse are the primary driver of mortality [19,20].
Strategies to reduce relapse, such as shortening the duration of immunosuppression,
optimizing killer cell immunoglobulinlike receptor types, and adding post-BMT
maintenance are under investigation.

The patients on the clinical trial received sirolimus in combination with PTCy and
mycophenolate mofetil, whereas some treated off-study received tacrolimus. Our original
PTCy regimen included tacrolimus for GVHD prophylaxis [1]. We substituted sirolimus in
our regimen because preclinical data suggest synergism with PTCy and because it has been
associated with a lower incidence of posterior reversible encephalopathy syndrome in our
prior studies in sickle cell patients [21,22]. Additionally, renal transplant data have
confirmed lower rates of nephrotoxicity with sirolimus [23]. Still, sirolimus has
disadvantages, such as it can only be given orally and can cause pulmonary toxicity [24-26].
Here, sirolimus was well tolerated, with only 2 patients experiencing significant side effects,
both with recovery after discontinuing the drug. Although tacrolimus and sirolimus have
never been directly compared as part of PTCy GVVHD prophylaxis, they generally appear to
be comparable for all BMT outcomes in our experience. Thus, we consider sirolimus and
tacrolimus equivalent options that can be interchanged based on toxicity considerations.

These data indicate that haplo BMT with PTCy from non- first-degree related donors is
equivalent to haplo BMT with first-degree related donors. It is appropriate to consider aunts,
uncles, cousins, nieces, nephews, and grandchildren in the search for a related donor when
using the PTCy regimen, thus extending donor availability to nearly every patient in need of
BMT.
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