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Abstract

High dose cyclophosphamide given after HLA-matched related and unrelated allogeneic bone 

marrow transplantation (BMT) for patients with hematologic malignancies is effective single 

agent graft-versus-host disease (GVHD) prophylaxis in adults. Data describing outcomes for 

pediatric and young adult patients has not been reported. Between the years 2007-2013, 29 

pediatric and young adult patients age ≤ 21 years of age treated at our institution for high-risk 

hematologic malignancies underwent myeloablative HLA-matched related T cell replete BMT. 

Eleven patients received post-transplant cyclophosphamide (PTCy) as single agent GVHD 

prophylaxis and were followed prospectively. Eighteen patients received calcineurin inhibitor 

(CNI)-based standard GVHD prophylaxis and were studied retrospectively as a control group. No 

acute GVHD developed in patients receiving PTCy, while patients receiving CNI-based GVHD 

prophylaxis had a cumulative incidence of grade II-IV and grade III-IV acute GVHD of 27% and 

5% respectively. No patients receiving PTCy developed chronic GHVD, compared to one in the 

control group. Two-year overall survival was similar between the two groups (54% PTCy vs 58% 

CNI-based prophylaxis), as was event-free survival (42% PTCy vs 47% CNI-based). The 5 year 

cumulative incidence of relapse was 58% for PTCy and 42% for CNI-based GVHD prophylaxis 

(p=0.45). These results suggest that PTCy is a safe and efficacious method of GVHD prophylaxis 

following an HLA-matched related BMT in the pediatric and young adult population that affords 

patients to be off all post-transplant immunosuppression on day +5.
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Introduction

Bone marrow transplantation (BMT) is a potentially curative therapy for patients with high 

risk acute myeloid leukemia (AML) and acute lymphoblastic leukemia (ALL) 1–5. The 

benefits of this procedure combine the effects of high dose chemo- and/or radiation-therapy 

in the preparative regimen with a graft-versus-leukemia (GVL) effect. While some 

separation of GVL and graft-versus-host disease (GVHD) has been achieved in preclinical 

animal models6–9, for patients undergoing BMT, GVL and GVHD remain linked 3,10,11. 

Approaches for limiting the morbidity and mortality of GVHD 12,13, while maintaining 

effective disease control are needed14,15.

Cyclophosphamide has been used in many combinations in BMT for its antitumor and 

immunosuppressive properties. Utilization of high dose cyclophosphamide in the post-

transplant setting has successfully modulated GVHD in preclinical models16–19 as well as in 

a variety of clinical trials using HLA-matched and haploidentical donors, mostly in the adult 

population20–28. High dose post-transplant cyclophosphamide (PTCy) targets alloreactive 

donor T-cells that are highly proliferative early after BMT, thus minimizing the risk of 

severe GVHD, while still enabling survival of resting memory T cells that can offer 

protection against infection and a GVL effect 18,29.

Promising clinical trial data using PTCy with or without additional immunosuppressive 

agents has been demonstrated in the HLA-matched related, unrelated, and haploidentical 

transplant setting20–28,30. It has been incorporated following myeloablative 

regimens22,23,27,28 as well as reduced-intensity regimens20,21,24,25, for both malignant and 

non-malignant disorders24,26,31,32. Prior reports demonstrated the safety and feasibility of 

PTCy as single agent GVHD prophylaxis after myeloablative HLA-matched T-cell replete 

BMT in adults22,27,28, with rates of GVHD similar to that of HLA-matched BMT with 

conventional immunosuppression including a calcineurin inhibitor (CNI) and methotrexate. 

Specific results for the pediatric and young adult population using PTCy as sole GVHD 

prophylaxis have not been previously described. Herein, we present our institutional 

experience using PTCy as single agent GVHD prophylaxis following myeloablative HLA-

matched sibling BMT for pediatric and young adult patients, as well as contemporary 

patients who received historical standard GVHD prophylaxis with methotrexate and a CNI.

Methods

Study Design and Patients

The Institutional Review Board (IRB) of Johns Hopkins University approved retrospective 

chart analysis of patients ≤ 21 years of age treated at our institution for hematologic 

malignancies with myeloablative matched related donor BMT using PTCy along with 

contemporary controls receiving historical standard GVHD prophylaxis. Patients were 

identified from a departmental database. All participants gave signed informed consent for 

their treatment. Initial patients (n=8) receiving PTCy were enrolled on a single-institution 

IRB-approved clinical trial conducted in accordance with the Declaration of Helsinki, open 

to both adults and pediatric patients (2003-2011; clinicaltrials.gov; no. NCT00134017). 

Results for adult patients >21 have been previously published22. The primary endpoint of 
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this study was to find the optimal dose of post-grafting immunosuppression with high-dose 

cyclophosphamide following myeloablative fully HLA-matched related or unrelated BMT 

for patients with high risk hematologic malignancies. An additional primary objective was to 

estimate the incidence of acute GVHD and other toxicities using this approach. The phase 1 

portion of the study was run according to a Bayesian algorithm, stratified by age (≤ 18 y, > 

18 y) to select among predefined regimens of immunosuppression that included PTCy (50 

mg/kg/day on Day +3 and +4 or 50 mg/kg on Day +3) only, with options to escalate immune 

suppression to include MMF and/or tacrolimus or de-escalate to a single dose of PTCy on 

Day +3. The initial dose level for both adult and pediatric populations, (PTCy 50mg/kg/day 

on days +3 and +4 only) was the optimal regimen to achieve a rate of grade II-IV aGVHD of 

approximately 25% plus or minus 20%. Following study closure, subsequent consecutive 

adult and pediatric patients meeting the same eligibility criteria as required by the clinical 

trial were treated off-study in the same manner (n=3).

We also retrospectively analyzed pediatric patients with hematologic malignancies 

transplanted at Johns Hopkins during the same time period using myeloablative 

conditioning, HLA-matched related donors and historical standard GVHD prophylaxis with 

post-transplant methotrexate and calcineurin inhibition (CNI-based). These patients were 

treated on Johns Hopkins University IRB approved collaborative group protocols during the 

same 2003-2013 time period, including Children's Oncology Group (COG) ASCT0431, 

AALL0031, AAML03P1 and AAML1031 conducted in accordance with the Declaration of 

Helsinki or per these protocols as standard of care, following informed consent. 

Prioritization was given to enroll patients with ALL on TBI-based BMT protocols, based on 

current pediatric recommendations 33. Patients who did not have clinical trial benefits but 

met standard BMT eligibility criteria were treated with standard GVHD prophylaxis with 

methotrexate and a calcineurin inhibitor.

All patients had genotypically HLA-identical first-degree relatives, matched for HLA-A, 

HLA-B, HLA-Cw, HLA-DRB1, and HLA-DQB1 alleles.

Transplant Regimens

With PTCy, patients received a myeloablative conditioning regimen with intravenous 

busulfan at age and weight appropriate dosing every 6 hours with pharmacokinetic 

adjustments for an area under the curve goal of 800-1400 on days -6 through -3, and 

cyclophosphamide 50 mg/kg/dose per day on days -2 and -1. On day 0, T-cell-replete bone 

marrow was infused, with a targeted collection of 4 × 108 total nucleated marrow cells 

(TNC)/kg. GVHD prophylaxis consisted of cyclophosphamide 50 mg/kg/dose daily on days 

+3 and +4, with the first dose administered 60-72 hours following the completion of marrow 

infusion.

In order to meet current recommendations to include total body irradiation (TBI) in the 

conditioning for pediatric patients with ALL2, two patients treated after the study closed 

received cyclophosphamide 50 mg/kg/dose per day on days -5 and -4, and TBI 1200 cGy 

provided as 200 cGy fractions twice a day for 3 days on days -3 through -1 with one of the 

patients also receiving thiotepa 5mg/kg/dose daily on days -6 and -5, per COG ASCT0631.
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Patients on CNI-based standard GVHD prophylaxis received myeloablative conditioning 

with either TBI-based regimens for ALL [cyclophosphamide and TBI (n=7); 

Cyclophosphamide, TBI and thiotepa (n=3); or cyclophosphamide, TBI, and VP16 (n=1); 

doses as mentioned above4]; or busulfan-based regimens for AML [busulfan with 

cyclophosphamide as noted above (n=6); or busulfan and fludarabine (n=1)27]. As noted, 

GVHD prophylaxis generally included a backbone of a calcineurin inhibitor with additional 

short-course methotrexate, and some patients (n = 2) also received sirolimus, as outlined in 

table 1.

Definitions of Disease status and Clinical outcomes

Neutrophil recovery time was defined as the number of days from BMT to the first of 3 

consecutive days with an absolute neutrophil count above 0.5 × 109/L. Platelet recovery 

time was defined as platelet count greater than 20 × 109/L without platelet transfusion in the 

preceding 7 days. Routine donor chimerism analysis was performed on days 30 and 60 on 

peripheral blood and bone marrow. Mixed chimerism was defined as >5% and < 95% donor 

chimerism, and full chimerism as ≥ 95% donor chimerism. Primary graft failure was defined 

as ≤5% donor chimerism in peripheral blood and/or bone marrow by ∼day 60 without 

detected bone marrow disease. Secondary graft failure was defined as loss of donor 

engraftment (<5% donor chimerism) in the absence of progressive malignancy affecting the 

marrow. Acute GVHD was graded per standard criteria 34, and chronic GVHD was graded 

per the 2005 National Institutes of Health Working Group Report35 and Seattle standard 

guidelines. Given the heterogeneity of patients, we also assessed Disease Risk Index (DRI) 

by the refined criteria, which takes into account disease status, stage, and cytogenetics36.

Progression-free survival (PFS) was the time from BMT to disease relapse, progression, or 

death from any cause. Overall survival (OS) was the time from HCST to death from any 

cause. Non-relapse mortality (NRM) was defined as death without disease relapse.

Supportive care

During busulfan administration, patients above the age of 10 years were treated with 

phenytoin or levetiracetam for seizure prophylaxis. With high dose cyclophosphamide 

administration (in preparative regimen as well as post-transplant administration) MESNA at 

a total dose of 80% of the cyclophosphamide dose was administered. Blood products were 

given according to current standard of care guidelines. All blood products, with exception of 

the bone marrow graft, were irradiated and leukoreduced. All supportive care measures were 

administered according to institutional protocols as previously described and included 

prophylaxis against Pneumocystis jirovecii, fungus, and herpes zoster/simplex infections22. 

Patients were monitored for CMV reactivation by weekly measurement of CMV pp65 in 

mononuclear cell smears by immunofluorescent staining or CMV copy number by PCR of 

serum until day 100. Anti-emetics were used as required. Dexamethasone was not allowed 

to be used as an anti-emetic after the graft was infused, prior to the administration of PTCy. 

Patients who were not immunized for varicella but had a history of varicella zoster virus 

infection were treated with acyclovir prophylaxis for 1 year.
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Statistical analysis

The dataset was locked for analysis on February 1st, 2015. Descriptive statistics were used to 

summarize baseline patient and transplant characteristics. To assess homogeneity between 

the standard immune suppression group and the PTCy group, the Chi-Square test was 

applied for nominal variables such as diagnosis, the Kruskal-Wallis test for ordinal data such 

as remission number and MRD status, and 2-tailed Mann-Whitney non-parametric test for 

continuous variables. The probabilities of PFS and OS were estimated using the Kaplan-

Meier method with 95% confidence intervals (CIs)37. Cumulative incidences of relapse, 

NRM, and GVHD were estimated by competing-risk analysis using Gray's method38. 

Relapse and NRM were competing risks for each other. Relapse, death, and graft failure 

were competing risks for GVHD. Data were analyzed with the R program, version 2.12 (R 

Core Development Team, Vienna, Austria) and Prism ver 5.01 (Graphpad software, La Jolla 

CA).

Results

Patient and Graft Characteristics

Between the years 2005-2014 twenty nine pediatric patients in our institution received a 

HLA-matched related BMT following myeloablative conditioning for acute hematologic 

malignancies with either PTCy or standard CNI-based GVHD prophylaxis. Patients' 

baseline characteristics are outlined in table 1. Generally, patients with AML or 

biphenotypic leukemia were transplanted in first remission (CR1) unless showing favorable 

cytogenetics such as inv (16), t (8;21) or t(15;17). Patients with ALL were transplanted in 

their second or third remission (CR2 / CR3). Eleven patients received PTCy as the sole 

agent for GVHD prophylaxis with the first eight patients being enrolled on our clinical trial 

(adult data only previously published)22. Three additional patients received PTCy per 

protocol after the study closed, with patients with ALL receiving a TBI based regimen2. 

Eighteen patients received standard CNI-based GVHD prophylaxis. Cyclosporine A with 

short course of methotrexate were used in 14 patients; tacrolimus with methotrexate, was 

used in 2 patients, and two other patients received a combination of methotrexate, 

tacrolimus, and sirolimus on ACST04314. All grafts were a T cell-replete fresh bone marrow 

product, with a median total nucleated cell dose of 4.97 × 108 per kilogram and a median 

CD34+ of 7.4 × 106 per kilogram. All patients except for two were categorized as high or 

intermediate by the DRI.

Engraftment, Chimerism, and Lymphocyte Recovery

No patients evaluable for day 60 donor engraftment rejected their graft. The median time to 

neutrophil engraftment was 20 days for patients receiving PTCy (range, 17-30 days) and 

23.5 days for patients receiving CNI-based GVHD prophylaxis (range, 13-33, p=0.31). The 

median time to platelet engraftment was 22 days in the PTCy group (range, 13-114) and 

19.5 days for CNI-based prophylaxis (range, 15-31 days, p=0.16). Donor chimerism at day 

30 was above 95% in all but 1 patient who received PTCy. That patient had 77% donor 

chimerism at day 30, and at day 46 had evidence of relapse. Bone marrow donor chimerism 

on day 30 was above 95% for all patients who received standard of care GVHD prophylaxis.
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Similar results were obtained on day 60 post BMT (table 2). Recovery of absolute 

lymphocyte count as a marker of immune reconstitution following PTCy and CNI-based 

GVHD prophylaxis is depicted in figure 1.

Regimen Related toxicities

The incidence of veno-occlusive disease (VOD) in children following HSCT ranges from 11 

to 60%, giving a mean incidence in children of approximately 25% compared with an 

incidence of 13.7% across all age groups, as recently summarized by Coppell et al39,40. 

VOD as defined by the Baltimore criteria41 was diagnosed in a total of 6 of our patients. 

Two of the six patients developed severe VOD39,42 following myeloablative BMT with 

PTCy; both had Bu/Cy preparative regimens and several prior intensive chemotherapy 

regimens. Both were treated with defibrotide, with resolution of VOD. Four of the patients 

diagnosed with VOD received standard GVHD prophylaxis with MTX + CNI with 2 

classified as moderate and 2 as mild. Three of the four had a Cy/TBI based prep and 1 had 

Bu/Cy based prep. Of note, 1 of these patients had a prior autologous-BMT and another had 

prior mediastinal radiation. Two of these four received defibrotide, and all four had 

resolution of VOD.

No CMV reactivations were seen in the PTCy treated group despite 3 patient-donor pairs at 

risk (patient and/or donor CMV positive). There were 3 cases (16%/27% at risk) of CMV 

reactivation in patients receiving CNI-based GVHD prophylaxis, none contributing to 

mortality.

The incidence of hemorrhagic cystitis in pediatric patients is widely variable, reported 

anywhere between 1.6-30% after matched related donor BMT43,44. Hemorrhagic cystitis 

was diagnosed in 3 patients receiving PTCy (27%), all associated with BK virus reactivation 

and treated with cidofovir. One of these patients had grade IV hemorrhagic cystitis45, 

ultimately required cystoscopy and cauterization, as well as hyperbaric oxygen, after which 

he made a complete recovery. The other two patients had grade 1 and 2 cystitis, 

respectively. Two patients (11%) receiving standard GVHD prophylaxis with MTX +CNI 

also had BK virus associated hemorrhagic cystitis, grades 1 and 3, respectively.

Idiopathic pneumonia syndrome (IPS), as previously defined46, was noted in 2 patients; both 

were patients with NHL and had received the standard CNI-based GVHD prophylaxis with 

CsA/MTX. They were treated with steroids and etanercept47 but developed secondary 

infectious complications [bacterial (n=1) and viral (n=1)] ultimately leading to their death. 

Significant regimen related toxicities are summarized in table 3.

Renal dysfunction has multifactorial causes following allogeneic BMT, including toxicities 

from CNIs48,49. To assess renal function, we measured serum creatinine at 1 year post 

transplantation and compared it to baseline pre-BMT creatinine. reatinine at the one year 

mark remained persistently elevated over baseline in patients receiving CNI-based regimens, 

while it had largely normalized by one year in the PTCy patients (median fold change 1 vs 

1.38, p=0.008, figure 2).
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Non-relapse mortality (NRM)

There were no non-relapse mortalities in patients receiving PTCy while the cumulative 

incidence for NRM was 11% for patients receiving CNI-based GVHD prophylaxis (figure 

3A). The two patients with NRM had IPS and eventually died from pulmonary toxicities 

(IPS in one and radiation pneumonitis in the other) combined with secondary viral/bacterial 

infections.

GVHD

In the cohort of patients receiving PTCy, no patients developed acute GVHD. Five patients 

receiving CNI-based regimens developed grade 2-4 aGVHD, and one patient developed 

grade 3-4 aGVHD of the gut and liver, leading to cumulative incidences for grades 2-4 and 

3-4 of 27% and 6% respectively (figure 3B). No patients receiving PTCy developed chronic 

GVHD, while only one patient receiving CNI-based GVHD prophylaxis developed cGVHD 

of the eyes, requiring topical therapy only.

Relapse and Survival

With a median follow-up of 584 days for all patients and 1178 days for survivors, the 5 year 

cumulative incidence of relapse in patients that received PTCy or CNI-based 

immunosuppression did not differ (p=0.454, figure 3C). Five of 11 patients receiving PTCy 

relapsed, with a median time to relapse of 121 days (range, 46-685). One of the five patients 

received chemotherapy, donor lymphocyte infusion (DLI) andlocal irradiation for testicular 

relapse of ALL. He is disease free 2 years post-relapse. A second patient with ALL had 

persistent disease despite one high dose re-induction chemotherapy regimen and enrollment 

on a Phase I toll like receptor 9 agonist trial before receiving CD19-CAR T cells on a 

clinical trial50, now with ongoing remission 11 months after CD19-CAR T cells. One patient 

relapsed with AML two years after BMT, received a second myeloablative BMT after 

achieving a CR2 but died of NRM. Two patients who had an early relapse of ALL (day 46) 

and AML (day 60), received palliative care and ultimately died of disease. For the CNI-

based GVHD prophylaxis cohort, 8 of 18 patients relapsed, with a median time to relapse of 

251 days (range 65-1734 days). DLI alone induced long term remission with chronic GVHD 

in one of these patients with AML. Six patients received further chemotherapy with 3 failing 

to achieve a remission and ultimately dying of their disease, and three patients with ALL 

receiving a second transplant, one who is disease free 3 years post relapse and two who died 

from transplant-related complications. One patient received palliative care alone and 

ultimately died of disease. As shown in figure 4, the 2-year event free survival and overall 

survival were similar among patients receiving either PTCy (42% and 54%, respectively) or 

CNI-based GVHD prophylaxis (47% and 58%, respectively).

Discussion

Consistent with our previous work in adults this study shows that PTCy is effective and safe 

as single agent GVHD prophylaxis for HLA-matched sibling BMT in this small pediatric 

population with advanced hematologic malignancies. We saw no aGVHD in patients 

receiving PTCy. The incidence of grade 2-4 aGVHD following PTCy as sole GVHD 

prophylaxis is lower than the published adult experience of 38-42% grade 2-4 aGVHD 

Jacoby et al. Page 7

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



following myeloablative conditioning with an HLA-matched related allogeneic BMT22,27,28. 

While older age at time of BMT has been correlated with an increased risk of aGVHD51, the 

small sample size here needs to be considered. Our contemporaneous control group, 

receiving historical standard CNI-based GVHD prophylaxis, had a grade 2-4 aGVHD rate of 

27% with a grade 3-4 aGVHD of 5%, numbers similar to reported literature in pediatric 

BMT for ALL and AML3,4,52–54. PTCy has also consistently prevented cGVHD, as seen in 

this series. We did not observe any significant increase in other regimen related toxicities in 

the group receiving PTCy, and no NRM.

Although small numbers do not allow conclusive analysis, patients receiving standard 

immunosuppression trended towards having more NRM, while patients receiving PTCy 

trended towards higher rates of relapse. It is difficult to make any definitive conclusions 

regarding disease or risk category and relapse with small numbers. Additionally, some of 

our patients were transplanted at a time when available molecular tests were limited and/or 

specific restaging pre-BMT did not standardly include MRD evaluation or molecular 

reassessment for patients who had a molecular marker that could be followed. Thus some 

patients who truly had MRD (i.e. by molecular testing) may not have been recognized, and 

flow cytometric MRD is missing on several subjects. Ideally, a larger study would allow for 

further analysis by MRD status, high versus low risk cytogenetics, and/or disease risk index. 

Our entire cohort showed a 2 year OS and EFS of 64% and 46% respectively regardless of 

the GVHD prophylaxis method. The recently published adult cohort using PTCy in HLA-

matched BMT showed a 3 year OS of 58% and event-free survival of 46%, similar to our 

results28. Results from pediatric published data is also similar for HLA-matched related 

BMT for leukemia with standard immunosuppressive regimens including a CNI, with 

progression free survival ranging between 45-70%3,4,53,54.

It is important to note that we are unable to assess the optimal dosing of PTCy in our small 

pediatric study population. As described, the initial dose level (PTCy 50mg/kg/day on days 

+3 and +4 only) for adult and pediatric patients, enrolled on our institutional trial was 

selected to achieve a rate of grade II-IV aGVHD of approximately 25% plus or minus 20%. 

Further study of Cy pharmacokinetics and pharmacogenomics are needed and will be 

performed on the Pediatric Blood and Marrow Transplantation (PBMTC) multi-institutional 

trial of myeloablative haploidentical BMT with PTCy, as well as studying this regimen in 

larger numbers of younger patients.

Several important benefits of single agent GVHD prophylaxis with post-transplantation 

cyclophosphamide are noteworthy. Firstly, PTCy is inexpensive, easy to administer, and 

readily available, making this regimen feasible in less developed countries. Secondly, 

limiting post-transplant immunosuppression, specifically by eliminating prolonged 

calcineurin inhibition, permits reconstitution of the immune system in an environment free 

of ongoing pharmacologic regulation. As previously described55, recovery of absolute 

lymphocyte numbers following PTCy was earlier and relatively rapid compared to CNI 

based prophylaxis. Rapid immune reconstitution would be predicted to reduce the risk of 

transplant related infections. There were no CMV reactivations in patients who received 

PTCy, and no NRM. Despite high cyclophosphamide doses, only 1 patient receiving PTCy 

required significant intervention for higher grade hemorrhagic cystitis beyond administration 
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of fluids and cidofovir in the case of BK viruria or viremia. Finally, relapse remains the 

most significant problem after BMT for hematologic malignancies. Several trials of various 

immunologic and pharmacologic post-transplant maintenance approaches are being studied 

at our institution and others. Using PTCy as sole GVHD prophylaxis allows early 

incorporation of additional chemo- and/or immuno-therapy to further prevent relapse in 

high-risk patients.

In conclusion, we have shown that PTCy is effective in preventing GVHD following BMT 

from HLA-matched related donors in a small population of pediatric patients with high-risk 

hematologic malignancies. Despite having small numbers, the high engraftment rate, low 

cumulative incidence of acute and chronic GVHD, lack of significant infections and NRM 

associated with PTCy as sole GVHD prophylaxis are significant findings for this high risk 

pediatric and young adult population that warrant further study. PTCy provides an ideal 

platform for the addition of novel approaches to prevent relapse in patients who receive no 

post-transplant immunosuppressive therapy after Day +4. Given these promising outcomes, 

studying PTCy as sole immunoprophylaxis for pediatric patients in a larger multi-

institutional clinical trial with both chemotherapy and TBI based myeloablative conditioning 

is warranted to make any further comparisons to more standard CNI-based approaches.
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Single agent PTCy provided effective GVHD prophylaxis for pediatric HLA-matched 

BMT

No differences in OS or EFS between PTCy and CNI-based GVHD prophylaxis

Improved 1 year post-BMT renal function following PTCy

Early cessation of immunosuppression provides a platform for post-BMT 

immunotherapy
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Figure 1. 
Immune reconstitution following allogeneic BMT as shown in median values of absolute 

lymphocyte count at 1, 2, 6 and 12 months. Grey dashed line: CNI-based GVHD 

prophylaxis. Black line: PTCy. *=p<0.05
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Figure 2. 
Assessment of renal dysfunction following BMT was performed by calculating the fold 

change of the maximum creatinine at 1 year post transplant compared to pre-BMT 

creatinine.
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Figure 3. 
Transplantation outcomes for CNI-based GVHD prophylaxis (dashes) and PTCy (full lines). 

Cumulative incidence of non-relapse mortality (A), acute GVHD (B) and relapse (C) are 

shown.
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Figure 4. 
Kaplan-Meier survival curves of patients undergoing BMT with CNI-based GVHD 

prophylaxis (dashed lines) or PTCy (Full lines). (A) Probability of overall survival. (B) 

Probability of event-free survival.
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Table 1
Patient and disease characteristics

PTCy CNI-Based p

N 11 18

Median age (Range) 10 (2.8-19.8) 11.4 (1.1-20.8) 0.57

Male Gender (%) 5 (45) 10 (55) 0.59

Diagnosis ALL 4 7 0.89

AML 6 5

Biphenotypic 1 1

NHL 4

Hodgkin 1

Disease status CR1 5 8 0.52

CR2 6 6

≥CR3 2

Not in remission 2*

BMT Prep Bu/Cy 9 6

Cy/TBI 1 7

Cy/TBI/TT 1 3

Other 2**

GVHD prophylaxis PTCy 11

CNI + MTX 16

CNI + MTX + Sirolimus 2

MRD status Overt disease 0 2* 0.14

Remission, MRD+ 5 2

Remission, MRD- 3 13

Remission, MRD undetermined 3 1

DRI36 High 4 9

Intermediate 5 9

Low 2

*
Bulky Hodgkin's disease and primary mediastinal B cell lymphoma

**
other regimens included fludarabine and busulfan (n=1) and VP16, Cy TBI (n=1).

MRD, minimal residual disease; DRI, disease risk index
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Table 2
Graft properties and engraftment of pediatric patients following myeloablative HLA-
matched BMT

PTCy CNI-Based p

N 11 18

Mean graft TNC ×108 (+/- SD) 5.58 (2) 4.28 (1.4) 0.04

Neutrophil engraftment, median (range) 20 (17-30) 23.5 (13-33) 0.31

Platelet engraftment, median (range) 22 (13-114) 19.5 (15-31) 0.16

Day 30 BM chimerism, median 99.5 100 0.27

Day 60 BM chimerism, median 100 100 0.41

TNC, total nucleated cells.
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Table 3
Regimen-related toxicities following myeloablative HLA-matched BMT for pediatric 
patients with hematologic malignancies

PTCy (n=11) CNI-Based (n=18) P

CMV reactivation 0 3 (17%) 0.15

Veno-occlusive disease 2 (18%) 4 (17%) 0.79

Hemorrhagic cystitis 3 (23%) 2 (9%) 0.26

Idiopathic pneumonia syndrome 0 3 (13%) 0.15
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