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Abstract

We sought to develop a myeloablative chemotherapeutic regimen to secure consistent engraftment
of T-cell depleted (TCD) hematopoietic stem cell transplants (HSCT) without the need for total
body irradiation, thereby reducing toxicity, while maintaining low rates of GvHD and without
increasing relapse. We investigated the myeloablative combination of busulfan and melphalan,
with the immunosuppressive agents fludarabine and rabbit anti-thymocyte gloubin (r-ATG) as
cytoreduction prior to a T-cell depleted HSCT. No post-transplant immunosuppression was
administered.

Between April 2001 and May 2008, 102 patients (median age 55 years) with a diagnosis of
primary or secondary myelodysplastic syndrome (MDS) or acute myeloid leukemia (AML)
underwent cytoreduction with Bu/Mel/Flu, followed by TCD grafts. T-cell depletion was
accomplished by CD34*-selection followed by E-rosette depletion for peripheral blood stem cell
grafts, and soybean agglutination followed by E-rosette depletion for bone marrow grafts. Donors
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included matched and mismatched, related and unrelated donors. Risk stratification was by
ASBMT risk categorization for patients with primary disease. For patients with secondary/
treatment-related MDS/AML, patients in complete remission (CR) 1 or refractory anemia (RA)
were classified as intermediate-risk, and all other patients high-risk.

Neutrophil engraftment occurred at a median of 11 days in 100/101 evaluable patients. The
cumulative incidences of grade I1-1V acute and chronic GvHD at 1 year were 8.8% and 5.9%,
respectively. Overall- and disease-free survivals (DFS) at 5 years were 50.0% and 46.1%
respectively, and the cumulative incidence of relapse and treatment related mortality were 23.5%
and 28.4% respectively. Stratification by risk group demonstrated superior DFS for low-risk
patients (61.5% at 5 years) compared to intermediate or high-risk (34.2, 40.0% respectively,
p=0.021). For patients with AML, those in CR1 had superior 5-year DFS compared to those in
>CR2 (60%, 30.6% respectively, p=0.01), without a significant difference in incidence of relapse
(17.1%, 30.6% respectively, p=0.209). There were no differences in DFS for other patient, donor,
or disease characteristics.

In summary, cytoreduction with Bu/Mel/Flu and r-ATG secured consistent engraftment of TCD
transplants. The incidences of acute/chronic GvHD and disease relapse were low, with favorable
outcomes in this patient population with high-risk myeloid malignancies.
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INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is the treatment of choice
for a number of hematologic malignancies!-2. Graft-versus-host disease (GvHD) remains
one of the major complications of transplantation34 and T-cell depletion (TCD) offers an
effective approach to its prevention®. Initial reports of TCD transplantation from different
institutions used methods that achieved variable degrees of TCD, sometimes with additional
pharmacologic immune suppression and described increased risks of graft failure and higher
relapse rates®’. Several more recent reports, however, have described successful methods of
TCD HSCT for hematologic malignancies®=10, primarily with the use of total body
irradiation (TBI)-based cytoreductive regimens. The low risk of graft rejection and GvHD
has been achieved without compromising the anti-leukemic effect of the allografts11:12.

In an attempt to reduce the toxicity and long-term complications of these transplants for
younger patients and to make the TCD approach available to an aging population needing
allo-HSCT, we designed a chemotherapy-only conditioning regimen. We sought to
determine if the combination of busulfan (Bu), melphalan (Mel), fludarabine (Flu), and anti-
thymocyte globulin (ATG) would provide adequate immune suppression for consistent
engraftment of the TCD graft, while reducing short and long-term regimenrelated toxicity
and supporting disease-free survival.
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PATIENTS AND METHODS

Patients and Diseases

A total of 102 patients with myeloid malignancies and various treatment backgrounds were
treated on (n=80) or according to (n=22) a Memorial Sloan Kettering Cancer Center
(MSKCC) Institutional Review and Privacy Board-approved phase Il trial (NCT01119066)
from April 2001 to May 2008 after obtaining informed consent. (Table 1). Reasons for
treatment off-protocol included protocol ineligibility because of active infections (n=6),
organ insufficiency (n=6), progressive disease (n=4), or treatment prior to opening of
protocol (n=6).

Eligibility included a diagnosis of primary MDS, AML, or secondary/treatment-related
MDS/AML and the availability of a suitable donor. Related donors were required to be at
least haplotype-matched to the patient, and unrelated donors no more than single HLA
mismatch at the HLA A, B, or DRBL1 locus. Other inclusion criteria included Karnofsky or
Lansky performance status =70, no active infection or extramedullary disease, and
satisfactory organ function?3,

Eligible patients with de novo AML included patients in complete-remission (CR)-1 with
intermediate or high-risk cytogenetics, any patient in =CR2, or patients with relapsed or
refractory disease. Patients with primary MDS with high-risk cytogenetic features,
transfusion dependence, or refractory-anemia (RA) with excess blasts (RAEB) were also
eligible, as were all patients with secondary/treatment-related MDS or AML. ASBMT
criteria determined risk group stratification based on disease status at transplant for primary
MDS and AML. For secondary MDS/AML, we classified patients in CR1 or RA as
intermediate risk, and high risk for all other stages. Remission status was assessed by
morphologic and cytogenetic data. Routine monitoring for minimal residual disease was not
performed during this time period. HLA matching for A, B, C, DRB1, and DQB1 loci was
established using DNA sequence-specific oligonucleotide probes. Unrelated donors were
identified and recruited via the National Marrow Donor Program (NMDP) registry.

Preparative Regimen and Graft

Cytoreduction consisted of intravenous busulfan [0.8 mg/kg/dose for patients <4 years of
age or 1 mg/kg/dose for patients =4 years] for 6 doses, followed by pharmacologic
adjustment of the final 4-6 doses (total 10-12 doses) on days —9 to —7; melphalan 70
mg/m2/dose x 2 doses on days —7 and —6; fludarabine 25 mg/m2/dose x 5 doses on days —6
to —2; and rabbit anti-thymocyte globulin (r-ATG; Thymoglobulin®) 2.5 mg/kg x 2 doses on
days -3 and —2. First-dose pharmacokinetic studies for busulfan were performed at the Fred
Hutchinson Cancer Research Center using high-performance liquid chromatography-mass
spectrometry. The busulfan dose was adjusted to reach a concentration steady-state (CSS)
level of 850-1000 ng/mL, with the desired level of approximately 900 ng/mL. Equine-ATG
(e-ATG) 15 mg/kg/day for up to 2 doses could be used for patients with intolerance to r-
ATG.

Peripheral blood stem cells (PBSCs) were harvested after G-CSF mobilization according to
NMDP guidelines for unrelated donors, or G-CSF at 5 mcg/kg every 12 hours for 5-6 days
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for related donors. Targeted cell dose was 109 MNC/kg (3 x 10% CD347/kg) of recipient
actual weight. CD34" cells were positively selected using the ISOLEX 300i Magnetic Cell
Selection System (Baxter Health Care Corporation, Dearfield, IL, USA), followed by sheep
red blood cell (SRBC)-rosette depletion of remaining T cells as previously described!3.14,
This achieved an approximate 5-log;q depletion of CD3™ cells!4. Five donors elected bone
marrow (BM) harvesting; T-cell depletion for BM grafts was accomplished by sequential
soybean lectin agglutination and SRBC-rosette depletion (SBA-E-) of T-cells15:16,
Transplants were infused intravenously 24-48 hours after completing fludarabine.

GvHD Evaluation and Management

GvHD was diagnosed clinically and confirmed by biopsy whenever possible. All patients
were evaluated for acute GvHD weekly from engraftment or day 14, whichever was earlier,
through 100 days post-transplant. Scoring was based on the Center for International Bone
Marrow Transplant Research (CIBMTR) criterial’. Patients surviving >100 days were
evaluated for chronic GVHD using the scoring criteria of Sullivan et al 18,

Supportive Care

Patients were managed clinically according to MSKCC standard guidelines!3, including
prophylactic antimicrobials, transfusion support, and prophylactic antiepileptic medication
surrounding busulfan. Patients received G-CSF beginning on day +7 post-HSCT until
neutrophil engraftment. Patients were monitored for viral reactivation of EBV and CMV
regularly post-transplant. The choice of prophylactic vs. preemptive therapy for these viruses
was based on institutional service guidelines at that time.

Engraftment

Engraftment was defined as the first of 3 consecutive days with ANC >500/uL and platelets
>20,000/uL without transfusion for 3 consecutive days determined engraftment. Primary
graft failure was defined as a failure to recover neutrophil counts by day 28 post-transplant,
in the absence of disease. Secondary graft failure was defined as graft failure occurring after
initial partial or complete recovery of donor-type hematopoiesis, and was characterized by
recurrent pancytopenia with neutrophil counts <0.5 x109/L, in the absence of disease.
Etiologies for primary and secondary rejections or graft failures were evaluated in each case
by cytogenetic and/or molecular demonstration of loss of donor-type blood elements;
patients with 100% host chimerism were considered to have rejected their grafts, while all
other patients were considered to have graft failure. Life-threatening infections comprised
organ-localized infections due to viral, fungal, and/or parasitic pathogens?3.

Relapse

Relapse was defined as an increase in bone marrow blast count >5%, presence of peripheral
blasts, or blasts at any extramedullary site, in the presence of host chimerism. Routine
assessment of minimal residual disease using flow cytometry was not performed during this
time period. Recurrence of a patient’s leukemia-associated cytogenetic marker in the context
of host chimerism also defined relapse, irrespective of the presence of a blast population.
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Biostatistics

For all analyses, transplant date was considered time zero, with a data cutoff of October 31,
2016. Overall survival (OS) and disease-free survival (DFS) were defined as the time until
death, and relapse or death respectively. Estimates of OS and DFS were calculated using the
Kaplan-Meier method, with differences in patient and treatment characteristics accessed
using a log-rank test. The cumulative incidence of acute GvHD, chronic GvHD, relapse,
TRM, EBV-LPD, and neutrophil and platelet engraftment were estimated using the
cumulative incidence method for competing risks, with differences in patient and treatment
characteristics assessed using Gray’s test. For both acute and chronic GvHD, all 102 patients
were considered at risk at the time of transplant and were included in the analysis. Death or
relapse prior to GvHD onset were considered competing risks for both acute and chronic
GVHD. For relapse, death prior to disease relapse was considered a competing risk, while for
TRM, relapse or non treatment-related death were considered competing risks. For
neutrophil and platelet engraftment, death was considered a competing risk, while for EBV-
LPD, both death and graft failure were considered competing risks. Donor chimerism at 6
weeks was defined as the chimerism value closest and prior to 6 weeks post-transplant. The
difference in relapse incidence based on donor chimerism was assessed via a landmark
analysis at 6 weeks. Primary cause of death was determined by previously published
criterial®. A p-value <0.05 was considered significant. All statistical analyses were
performed using R 3.3.2 (The R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient and donor characteristics

Table 1 details patient and disease characteristics. Patient median age was 55.1 years (range
1.9-71.3) with 64 patients =50 years. Diseases included de novolprimary myelodysplastic
syndrome (MDS) (n=45), acute myeloid leukemia (AML) (n=25), and secondary/treatment-
related MDS or AML (n=32). Based on the modified ASBMT risk group classification
schema described above, 39 patients were considered low-risk, 38 intermediate-risk, and 25
high-risk.

Of the 45 patients with primary MDS, 40 patients received chemotherapy before proceeding
to HSCT, and 38 were in CR or RA before transplant. For patients with AML, 21 were in
CR at the time of transplant, while the other 4 patients had evidence of low-level disease at
HSCT (marrow blasts <10% and circulating blasts 1-2%). Primary diseases for the 32
patients with secondary MDS/AML are outlined in Table 1. Twenty-eight patients received
chemotherapy for their myeloid malignancy, and 30 patients were in CR or RA status before
HSCT.

All patients underwent cytogenetic evaluation, and results are delineated in Table 1. Thirty-
one patients had normal cytogenetics, and the remainder had at least one cytogenetic
abnormality. Forty-eight patients had at least one leukemia- or MDS-associated abnormality
including monosomy 7/7g-, monosomy 5/5g-, trisomy 8, 11923 abnormalities, t(8;21),
inv(16), or t(15;17). Ten patients had a complex karyotype. We defined cytogenetic risk
groups as favorable, including normal cytogenetics and other single abnormalities (n=47);
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intermediate, including trisomy 8 and 11923 abnormalities (n=12); and high-risk, including
partial or complete loss of chromosome 5 or 7, or other multiple cytogenetic abnormalities
(n=43).

Donors were related (n=29) or unrelated (n=73), and HLA-matched (n=59) or mismatched
(n=43). The degree of mismatch for related donors ranged from 4/8 to 7/8 and from 6/8 to
7/8 for unrelated donors (Table 2).

Conditioning

All 102 patients completed cytoreduction and had first-dose busulfan levels obtained.
Ninety-eight patients received 10 doses of busulfan and 4 patients with advanced disease,
treated as per protocol, received 12 doses. The actual CSS for busulfan ranged between 450
and 1535 (median 849) ng/mL. The actual busulfan dose was corrected >20% to 0.4-1.5
mg/kg (median 0.9 mg/kg) for 43 patients to achieve a steady state level of 850-1000 ng/mL
(increase in 18 patients and decrease in 25 patients; Table 2). Eighty-five patients received
two doses of r-ATG, while 17 patients received modifications due to reactions or intolerance
(Table 2).

Grafts

Table 2 details the graft characteristics. For the 97 CD34*-selected/E- PBSC grafts, median
cell doses were 5.87 x 106 CD34* cells/kg (range 1.34-28.8), and 1.34 x 103 CD3" cells/kg
(range 0-152). Six patients received a CD34* PBSC cell dose of <2 x 10 cells/kg. For the
five SBA-E- BM grafts, median cell doses were 2.4 x 10° CD34* cells/kg (range 1.73-3.71),
and 23.8 x 103 CD3* cells/kg (range 9.68-122.86). Two recipients of BM transplants
received grafts of <2 x 108 CD34* cells/kg

Engraftment

Neutrophil engraftment occurred in 100 patients; 1 patient died before engraftment and 1
patient suffered primary graft failure. Median time to neutrophil engraftment was 11 days
(range 9-15 days), with a cumulative incidence of 98% (95% CI 90.8-99.6) at 28 days.
Median time to platelet engraftment was 19 days (range 14-116 days), with a cumulative
incidence of 75.5% (95% CI 65.8-82.8) at 28 days. Three patients experienced a secondary
graft failure on days +29, +82, and +125 after HSCT. Two patients had delayed platelet
engraftment until after day 100, which was associated with complicated post-transplant
courses involving infections and GvHD.

Of the four patients with primary or secondary graft failure, two had received transplants
from fully matched unrelated donors, one patient received a transplant from an unrelated
donor with an HLA-A antigen mismatch, and one patient received a transplant from a
related donor mismatched at HLA-A and -C antigens. Three patients had busulfan dose
adjusted >20% for low initial levels; the fourth had a normal first-dose pharmacokinetic
level. For rejection prophylaxis, one patient received 2 doses of equine ATG due to
intolerance to r-ATG and the remaining 3 patients both complete doses of rabbit ATG. Grafts
for three patients were PBSC with a mean CD34" cell dose of 6.5 x 10° cells/kg, while one
patient received BM graft with a CD34* cell count of 3.71 x 10° cells/kg. Two patients are
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long-term survivors following second HSCTSs, one recovered counts following 2 doses of
immunosuppressive treatment with equine ATG but subsequently died due to GvHD, and the
last patient died due to infection while aplastic.

Overall and Disease-Free Survival

The median follow-up among survivors was 113 months (range 60-180 months). OS was
55.9% (95% Cl, 45.7-64.9), 50.0% (40.0-59.2) and 44.5% (34.2-54.2) at 3, 5, and 10 years
respectively, while DFS was 52.9% (42.8-62.1), 46.1% (36.2-55.4), and 41.4% (31.2-51.2)
(Figure 1A). OS and DFS were similar based on disease, disease status (CR/RA vs other),
age, donor type, and cytogenetic risk (Table 3). Additionally, there were no differences in
survival between patients who received on- or off- protocol therapy.

Despite no differences in survival amongst patients who were in CR or RA vs. other, there
was a significant difference in outcomes for patients with AML in CR1 (n=35) compared to
those patients with AML in 2CR2 (including relapsed/refractory patients) (n=36), with a 5-
year OS of 62.9% (44.8-76.5) and 33.3 (18.8-48.6) respectively (p=0.01). DFS also differed
with 5-year estimates of 60% (42.0-74.0) and 30.6 (16.6-45.7) for the AML CR1 and AML
>CR2 groups respectively (p=0.01; Figure 1B). Interestingly, the corresponding incidences
of relapse were not statistically different (17.1%; 6.8-31.4 vs 30.6%, 16.3-46.1; p=0.209),
suggesting that there are factors beyond relapse that might contribute to poorer survival in
patients with disease in >CR1.

OS and DFS were also significantly different between ASBMT risk groups (p=0.022 and
p=0.021 respectively). The OS at 5 years was 64.1% (47.0-76.9) for low-risk patients
compared to 39.5% (24.2-54.4) for intermediate-risk and 44.0% (24.5-61.9) for high-risk
patients. DFS at 5 years was 61.5% (44.5-74.7) for low-risk patients, 34.2% (19.8-49.1) for
intermediate-risk and 40.0% (21.3-58.1) for high-risk patients (Figure 1C). There was no
significant difference between survival for patients with good, intermediate, or poor risk
cytogenetics (OS p=0.903, DFS p=0.941). Of note, the 11 patients with isolated monosomy
7 or 7g- had a 5-year OS of 63.6% (29.7-84.5) and 5-year DFS of 54.5% (22.9-78.0).

Graft-versus-host disease

The cumulative incidence of grade I1-1V and grade I11-1V acute, and chronic GvHD at 1
year was 8.8% (4.3-15.3), 3.9% (1.3-9.0), and 5.9% (2.4-11.6) respectively (Figure 2). Of
91 evaluable patients, 9 developed grade 11-1V acute GvHD, including 6 with late acute
(Table 3). Organ involvement for acute GVHD included skin in 7 patients, Gl in 6, and liver
in 2. The median time to onset of grade I1-1V acute GvHD was 117 days (range 70-245).
There were no differences in the rates of grade 11-1V acute GvHD for patients receiving
matched-related donor transplants compared to those receiving transplants from other
donors. Only 6 of 91 evaluable patients were diagnosed with chronic GvHD at a median of
5.3 months post-HSCT (range 3.7-10.2) including 3 patients with acute/chronic GvHD
overlap syndrome and 3 patients with de-novo disease. Chronic GvHD was limited in 3 and
extensive in 3 patients. Three patients with isolated acute GvHD, 2 patients with isolated
chronic GvHD, and all patients with acute/chronic GvHD overlap ultimately succumbed to
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complications from treatment. One patient with GVHD later died from relapse after
resolution of GvHD.

All 12 patients with GvHD (grade 111V acute or chronic) were recipients of PBSC grafts.
Eight of the 12 patients were older than 50 years of age. The median CD3* cell dose was 1.4
x 103 cells/kg for the entire cohort, whereas it was 0.91 x 103 cells/kg for the patients with
grade 11-1V acute GvHD and 1.63 x 103 cells/kg for the patients with chronic GvHD. There
was no difference in the rates of grade 11-1V acute GvHD based on CD3" cell dose. The
median CD34" cell dose was comparable for the entire cohort, and the acute and chronic
GVHD cohorts (5.7, 5.8, and 5.7 x 108 cells/kg respectively).

The cumulative incidence of relapse for all 102 patients was 23.5% (15.8-32.2) at 5 years.
The cumulative incidence of relapse was 28.0% (12.0-46.6) for patients with primary AML,
26.7% (14.7-40.2) for patients with primary MDS, and 15.6% (5.5-30.4) for patients with
secondary MDS/AML at 5 years (p=0.503). There was no significant difference in relapse
based on stage of disease at HSCT. Twenty-one of the 24 patients who relapsed died from
their disease, 2 of whom achieved remission after chemotherapy but died from other causes,
while 3 are still alive and disease-free after a subsequent HSCT.

Forty-seven of 102 patients were alive at the time of this analysis. Fifty-five patients died of
relapse (n=21) or of non-relapse mortality (n=34). The cumulative incidence of treatment-
related mortality (TRM) was 10.8% (5.7-17.7) at 100 days and 28.4% (20.0-37.4) at 5
years. There was trend toward increased TRM based on age with 5-year estimates of 14.8%
(4.5-30.9) for patients <40 years old, 29.2% (17.0-42.4) for patients 40-59 years old, and
40.7% (22.0-58.7) for patients =60 years old (p=0.113).

Causes of death (COD) from TRM are listed in Table 4, and included infection, GVHD,
organ toxicity, and other causes. Infectious deaths (n=16) were most often due to sepsis,
Epstein-Barr virus (EBV)-LPD, or pneumonitis. Organ toxicity primarily consisted of
pulmonary or hepatic toxicity; there was one case of lethal VOD and one death from other
multi-organ failure. Other COD included head trauma, surgical complication, second
primary pancreatic cancer, myocardial infarction, and original primary cancer (in a patient
who received a transplant for treatment-related myeloid disease).

Immune reconstitution and infections

The absolute CD4* lymphocyte count reached a level of 200 cells/uL at a median time of 6
months post-transplant for the entire patient cohort (range 1-53 months), with 13% of
patients achieving this within one month, 54% within 6 months, and 82% by one year post-
transplant. The median time to achieve a PHA proliferative response of 50% of normal was
10 months for the entire patient cohort (range 2-39 months), with 25% of patients
recovering by 6 months post-transplant, 54% by one year post-transplant, and 81% by two
years post-transplant.
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Viremias post-transplant in the entire patient cohort included CMV (n=19), EBV (n=21),
HHV6 (n=9), adenovirus (n=5), VZV (n=4), and BK (n=3). Nine patients had infections
with 2—4 viruses. None of the 50 CMV seronegative patients developed CMV viremia,
including the 11 patients who received grafts from CMV seropositive donors.
Approximately half (27/50) of the CMV seropositive patients received prophylactic antiviral
therapy against CMV, and only 3 of these patients reactivated CMV. CMV viremia occurred
in 3 of the 13 (23%) CMV seropositive patients who received grafts from CMV seropositive
donors and in 16 of the 35 (46%) CMV seropositive patients who received grafts from CMV
seronegative donors. CMV infections were fatal in 1 of 19 patients. A minority of patients (9
in total) received prophylactic rituximab to prevent EBV reactivation; none of these patients
reactivated EBV. EBV infections included EBYV viremia in 12 patients and EBV-LPD in 9
patients, with a cumulative incidence of 8.8% at 1-year. Four patients with EBV-LPD
succumbed to their infection. One patient died of their VZV infection; no other patients died
from their viral infections. No patients with HHV6 viremia had encephalopathy, and all
cases of viremia were managed conservatively without antivirals. Four patients had BK
hemorrhagic cystitis.

DISCUSSION

Allogeneic hematopoietic stem cell transplantation is a curative approach for myeloid
malignancies including MDS and AML220-23 The major complications associated with this
therapeutic approach have included GvHD?4, and the acute and late effects of cytoreductive
regimens that have included TBI25-33, In this report we describe a chemotherapy-only
cytoreductive approach to successfully engraft T-cell depleted transplants from a variety of
donors, including matched and mismatched, related and unrelated, all with a low risk of
GVHD, and while maintaining relapse rates comparable to other approaches.

The standard of care for allo-HSCT for myeloid malignancies initially included unmodified
HSCT after cytoreduction with TBI and cyclophosphamide (CY)34:35, Over the years,
unmodified HSCT after cytoreduction with busulfan and cyclophosphamide36-38 or
melphalan3940 showed results comparable to those with TBI-CY and became part of the
standard of care for HSCT for myeloid malignancies, with longterm DFS rates of 27-61%
and relapse rates of 11-42%36-40, These approaches, however, suffered from a high risk of
GVHD (acute: 24-68%; chronic: 38—-65%), especially in the context of grafts from
alternative donors.

Several approaches were developed to prevent these complications. Investigators from the
Fred Hutchinson Cancer Research Center and the MD Anderson Cancer Center pioneered a
new approach of unmodified HSCT with reduced intensity conditioning (RIC) regimens in
an effort to reduce TRM41-46 which was successful in reducing TRM in high-risk
populations (16—-39%), while maintaining similar relapse rates (16—-42%), though without
improvement in rates of GVHD (acute 25-63%, chronic 37-62%).

GVHD prophylaxis in the form of post-transplant cyclophosphamide was developed by The
Johns Hopkins Hospital BMT group. This approach has included RIC, and grafts from
haploidentical donors, and it has facilitated consistent engraftment with tolerable rates of

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Spitzer et al.

Page 10

GVHD and low toxicity, but with some reports of relatively high rates of relapse®’.
Subsequently, this group utilized this approach with myeloablative conditioning and
matched donors for patients with more aggressive disease and better performance status,
with outcomes similar to prior regimens by most measures (DFS: 39-54%; relapse rates:
44%; TRM: 17%:; acute GVHD: 43%), but notably lower rates of chronic GVHD (10%)48.

A third approach, developed over many years of investigational studies at our center, is that
of T-cell depleted HSCT. Although initial reports of TCD HSCT reported high rates of
immunologic rejection®, the addition of ATG to the conditioning regimen was able to
overcome this limitation#®. Over several decades, we have described our experience with
TCD HSCT, from both matched related12:50-51 and unrelated donors!! for patients with
AML. The regimens described in our earlier work were solely TBI-based to enable
consistent engraftment in the context of T-cell depletion. Rates of relapse (6—23%) and
survival (45-56.8%) were comparable to traditional regimens utilizing unmodified grafts,
while rates of GVHD were significantly lower (acute grade 1I-111 0-9%, chronic 0-29%).
The use of TBI continued to be problematic, with rates of TRM of 19.4-37.5% in high-risk
and older patients. Additionally, TBI has been associated with significant late effects,
including the development of cataracts33, diabetes??, and secondary malignancies0.
Children are at risk for additional complications?®, including impaired growth and final
height?8.29 as well as multiple endocrine complications including gonadal and thyroid
dysfunction32, and these risks have been demonstrated to be lower with the use of busulfan-
based cytoreduction?8:31 Thus, we sought to develop a chemotherapy-only regimen that
reduced the complications of the conditioning from TBI and could achieve sustained
engraftment with TCD grafts and cure of the disease.

The novel approach of a chemotherapy-only cytoreductive regimen followed by a TCD
HSCT described in this report has accomplished these goals. While utilizing a full spectrum
of donor types (related, unrelated, matched, and mismatched), we have (1) secured
consistent engraftment with (2) low rates of GvHD, and (3) rates of relapse comparable to
that of unmodified transplants, and to that of our previously reported TBI-based TCD
HSCTs. Notably this was accomplished with a very low risk of rejection. Additionally, the
regimen was well-tolerated across all ages (range 1.9-71.3 years).

We achieved 1-year rates of acute and chronic GvHD similar to our prior studies (8.8%
acute grades 11-1V, 5.9% chronic GVHD), despite a high percentage of HSCTSs using grafts
from unrelated and/or mismatched donors, and in an older patient population. The
cumulative incidence of relapse associated with this chemotherapy-only cytoreductive
regimen and T-cell depleted grafts was 23.5% at 5 years, which is comparable to that of
unmodified grafts using high-dose TBI-based cytoreductive regimens3®. This rate was not
significantly different for patients with primary or secondary disease. Moreover, DFS was
not significantly different when assessing for age, donor type, or cytogenetic risk (Table 3).
These findings will need to be confirmed in larger numbers of patients.

The cumulative incidence of TRM was 10.8% and 28.4% at 100 days and 5 years
respectively, with a trend toward increased mortality in older patients. Causes of non-relapse
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deaths (Table 4) were primarily infectious, with mortality from direct regimen-related organ
toxicity occurring in only 8 of 34 patients.

Delayed immune recovery after transplant has been associated with older age, use of ATG,
and TCD. The broad range of patient ages and donor types make comparison with previous
reports somewhat difficult. In this study, median time to recovery of CD4* count of 200/uL
was 6.2 months, and 13 months to a PHA of at least 50% of the lower limit of normal. The
higher incidence of opportunistic infections such as CMV and EBYV in this study compared
to recent published reports from this center is likely in part due to a switch in techniques for
viral monitoring. The higher rate of viral disease compared with that reported for
conventional transplants is similar to that observed in our previous TCD HSCT trials, and
likely related to the slower immune recovery. It is notable that this study was performed
before the availability of specific adoptive T-cell therapies, now widely used to successfully
treat viral disease.

In summary, consistent engraftment of TCD grafts from a wide range of donors was
achieved without the use of TBI utilizing a regimen including busulfan/melphalan/
fludarabine and rabbit ATG. This myeloablative combination was well-tolerated across a
broad spectrum of age groups and maintained low rates of relapse and 100-day TRM similar
to previous TCD clinical trials, in addition to low incidences of both acute and chronic
GvHD.

Other new chemotherapy-only cytoreductive regimens are now being tested on institutional
protocols with the use of alternative melphalan- and thiotepa-based chemotherapy regimens
with the addition of clofarabine or fludarabine, in adults and children, with malignant or
non-malignant hematologic disorders. Other future directions include: (1) the use of agents
such as treosulfan instead of busulfan to further reduce toxicity; (2) the use of prophylactic
cellular therapy with CMV, EBYV, or other specific cytotoxic T-cells for the prevention or
preemptive treatment of infections; and (3) the possible use of agents to improve immune
reconstitution such as interleukin-7°2,
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Highlights
. Chemotherapy-only cytoreduction can successfully engraft T-cell depleted
HSCTs.
. The incidences of acute and chronic GVHD were <10% despite >40%

mismatched donors.

. This regimen attained 5-year OS of 50% in patients with myeloid
malignancies.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Spitzer et al.

survival probability

Page 16

— CR1
--- 2CR2

Probability of DFS
o

°
Probability of DFS

_____

1

2 3 4 5 6 7 8 9 L [ 1 2 3 4 5 6 7 8 9 L ) 1 2 3 4 5 6
years post-transplant years post-transplant years post-transplant

Figure 1.
(A) Overall and Disease Free Survival across the entire cohort. (B) Probability of disease-

free survival for patients with AML in CR1 vs. =CR2. Patients with AML in CR1 had a
significantly increased probability of disease free-survival than patients with more advanced
disease (p=0.01). (C) Probability of disease-free survival based on ASBMT risk groups. Low
risk patients had a significantly higher probability of disease-free survival than intermediate
or high risk patients (p=0.021).
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Figure 2.
Cumulative incidence of acute (A) and chronic (B) GvHD across all patients.
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Characteristic No. %
Age
Median (Range), years 55.1(1.9-71.3)
<20 17 16.7
21-49 21 20.6
50-59 37 36.3
=60 27 26.5
Gender
Male 50 49.0
Female 52 51.0
Disease/Stage at HSCT
De novo AML 25
CR1 9 245
CR2 10
CR3 2
refractory 4
Primary MDS 45
CR 16 441
RA 22
RAEB-1 5
RAEB-2, refractory 2
Secondary/treatment-related MDS or AML 32
CR1/RA 22 314
Other (CR2, >RA) 10
ASBMT risk category
Low 39 38.2
Intermediate 38 37.3
High 25 245
Primary disease (for patients with 2° MDS/AML)
Breast cancer 9
Lymphoma (HD/NHL) 72
Sarcoma 7
Other hematologic malignancies 5
Neuroblastoma 1
Gestational trophoblastic disease 1
Cytogenetics
Normal 31
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Characteristic No. %
monosomy 7/7g- 25
monosomy 5/5q- 11
trisomy 8 11
11923 abnormalities 9
t(8;21) or inv(16) 3
t(15;17) 3
Other cytogenetic abnormalities 32
Hyperdiploid 3
Complex karyotype 10
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Table 2
Transplant characteristics
Characteristics No. %
Donors
Matched related 22 21.6
Mismatched related 7 6.9
7/8 5
6/8 1
4/8 1
Matched unrelated 39 38.2
Mismatched unrelated 34 333
7/8 28
6/8 6

Busulfan dose and adjustment

CSS, median (range)

Actual dosing, median (range)

849 ng/mL (450-1535)
0.9 mg/kg (0.4-1.5)

No adjustment 59 57.8
Increase >20% 18 17.6
Decrease >20% 25 24.5
ATG dose
r-ATG x2 doses 85
r-ATG x1 dose 8
r-ATG x1 dose and e-ATG x1 dose 4
e-ATG x2 doses 5
Graft type and cell dose, median (range)
BM, SBA-E-, no. 5
CD34+, x108/kg 2.37 (1.73-3.71) 4.9
CD3+, x10%/kg 23.8 (9.68-122.86)
PBSC, Isolex CD34*/E-, no. 97
CD34+, x108/kg 5.87 (0.49-28.8) 95.1
CD3+, x10%kg 1.34(0-152)
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Outcomes

Table 3

| 5 year estimate (95% ClI) | p-value

Disease-free survival, entire cohort

46.1 (36.2 - 55.4)

Prognostic factors:

Disease
Primary MDS 46.7 (31.7 - 60.3) 0.882
Primary AML 40.0 (21.3-58.1)
Secondary/t-MDS/AML 50.0 (31.9-65.7)
Age
<20 47.1 (23.0-68.0) 0.399
21-49 52.4 (29.7 - 70.9)
50-59 51.4 (34.4-64.9)
260 33.3(16.8 - 50.9)
Donor
Matched related 59.1 (36.1-76.2) 0.363
Other 425 (31.6 - 53.0)
ASBMT risk classification
Low 61.5 (44.5-74.7) 0.021
Intermediate 34.2(19.8-49.1)
High 40.0 (21.3 - 58.1)
Cytogenetic risk group
Favorable 46.8 (32.2-60.2) 0.941
Intermediate 50.0 (20.8 - 73.6)
Poor 442 (29.2-58.2)
Remission status, AML patients
CR1 60 (42.0 — 74.0) 0.01
>CR2 30.6 (16.6 — 45.7)
Protocol status
On-protocol 47.5(36.3-57.9) 0.518
Off-protocol 40.9 (20.9-60.1)
Cumulative incidence of relapse, entire cohort 23.5(15.8-32.2)
Cumulative incidence of TRM, entire cohort 28.4 (20.0 - 37.4)
Age
<40 14.8 (4.5-30.9)
0.113
40-59 29.2 (17.0-42.4)
260 40.7 (22.0 - 58.7)

Grades I1-1V
Grades -1V
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Acute GVHD (1-year cumulative incidence)

8.8 (4.2-15.3)
3.9(1.3-9)
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| 5 year estimate (95% CI) | p-value

Chronic GvHD

| 5.9 (2.4-116) |
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Causes of death from non-relapse mortality

No.

Infection 16
Sepsis 5
Pneumonitis 5
EBV-LPD 3

CMVIVZV 1/1
Fungal 1
GvHD 6
Organ toxicity 7

Pulmonary/Hepatic | 3/2
Multi-organ failure 1
VOD 1
Other 5

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2018 December 01.

Table 4

Page 23



	Abstract
	INTRODUCTION
	PATIENTS AND METHODS
	Patients and Diseases
	Preparative Regimen and Graft
	GvHD Evaluation and Management
	Supportive Care
	Engraftment
	Relapse
	Biostatistics

	RESULTS
	Patient and donor characteristics
	Conditioning
	Grafts
	Engraftment
	Overall and Disease-Free Survival
	Graft-versus-host disease
	Relapse
	Mortality
	Immune reconstitution and infections

	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

