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Abstract

Large series of patients with acute myeloid leukemia (AML) after ex vivo T cell-depleted
hematopoietic stem cell transplantation (TCD allo-HSCT) have not been previously reported.

We retrospectively analyzed the outcomes of 266 patients (median age 54 years) with AML

who received CD34 selected TCD allo-HSCTs while in first (75%) or second (25%) complete
remission (CR) at a single institution. The conditioning regimens were all myeloablative and

no additional graft-versus-host disease (GVHD) prophylaxis was given. Cumulative incidence of
grade 11-1V and I11-1V acute GVHD at 180 days were 14% (95% confidence interval [CI] CI: 10
-18) and 3% (95% CI: 1-5), respectively. Cumulative incidence of chronic GVHD at 3 years was
3% (95% CI: 1-6). The 3-year CI of non-relapse mortality (NRM) and relapse was 21% (95% ClI:
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16-26) and 21% (95% ClI: 17-27), respectively. Overall survival (OS) and disease-free survival
(DFS) at 1, 3 and 5 years were 75%, 61%, 56% and 68%, 57%, 53%, respectively. There were
no significant differences in OS, DFS and relapse rates for patients transplanted in CR1 vs CR2.
However, patients with high risk cytogenetics at diagnosis had significantly poorer outcomes. OS
and DFS rates compare favorably to unmodified allo-HSCT but with considerably lower rates of

GVHD.
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INTRODUCTION

Post-remission therapy with allogeneic hematopoietic stem cell transplantation (allo-HSCT)
is generally recommended for adult patients with intermediate or high-risk AML in first
complete remission (CR1) or more advanced disease stage (1-12). However, NRM and
GVHD remain the main causes of post-transplant morbidity and mortality, particularly

in older patients, and have limited its widespread use. Though use of reduced intensity
regimens has expanded applicability of allogeneic HSCT to older patient populations, the
lower risk of NRM has been countered with a higher incidence of relapse (13).

Ex-vivoT cell-depleted (TCD) allo-HSCT has demonstrated favorable OS and DFS in
patients with AML, acute lymphoblastic leukemia, myelodysplastic syndrome and non-
Hodgkin lymphoma and has been shown to significantly reduce the incidence of acute

and chronic GVHD without higher relapse rates (14-23). Large case series using this
modality have not been published in AML. The aim of the present study was to analyze the
outcomes of a large cohort of adult patients with AML in CR1 or CR2 who underwent TCD
allo-HSCT from 2001 to 2014 at Memorial Sloan Kettering Cancer Center (MSKCC).

PATIENTS and METHODS

Patients and Donors

A total of 266 consecutive adult (age =18 years) patients with AML in CR1 and CR2

who underwent a first TCD allo-HSCT at MSKCC from January 2001 through December
2014 were included in the study. Patients received grafts from HLA-identical or mismatched
related or unrelated donors. Written informed consent for treatment was obtained from all
patients. This retrospective review was conducted with approval of the Institutional Review
and Privacy Board. Patient demographics, disease characteristics, treatment, GVHD, and
survival data were retrieved from departmental databases. Clinical charts were additionally
reviewed for missing data.

Donor-recipient human leukocyte antigen (HLA) matching was established by high
resolution DNA sequence-specific oligonucleotide typing for HLA-A, -B, C, DRB; and
DQB;. A matched donor was defined as matching at 10 HLA-alleles.
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Conditioning Regimen and Supportive Care

All patients received myeloablative conditioning with one of the following preparative
regimens previously reported in detail (14-16): 1) hyperfractionated total-body irradiation
(HFTBI) 1375 cGy over 4 days followed by thiotepa 5 mg/kg/day i.v. for 2 days and
fludarabine 25 mg/m2/day i.v. for 5 days (n=52); 2) HFTBI 1375 cGy over 4 days followed
by thiotepa 5 mg/kg/day and cyclophosphamide 60 mg/kg/day i.v. for 2 days (n= 69);

or 3) busulfan followed by melphalan 70 mg/m2/day i.v. for 2 days, and fludarabine

25 mg/m?/day i.v. for 5 days (total n=145). Busulfan dosing was either 0.8 mg/kg i.v.

every 6 hours for 9 (n=1), 10 (n=56), or 12 doses (n=67), or single daily doses of 3.2
mg/kg for 2 (n=1), 3 (n=19), or 4 doses (n=1). Busulfan doses were adjusted according

to first dose pharmacokinetics. Six patients in the HFTBI + thiotepa + cyclophosphamide
group were also enrolled on BMT CTN 0303 (18). Patients >60 years of age and those
patients with therapy related or secondary AML received the regimen without total body
irradiation (TBI). The decision to utilize one regimen over the other was based on: age,
co-morbidities, diagnosis of secondary or treatment related AML, all of which led to use of
the all chemotherapy regimen. In later years, based upon protocol priorities, the availability
of busulfan pharmacokinetic dose targeting, and a retrospective study of transplant-related
renal toxicity (24) published in 2010, the all-chemotherapy regimens became the preferred
conditioning with more limited use of TBI (25) for patients with no prior history of renal
impairment or for those enrolled onto specific protocols that included TBI.

T cell depletion of granulocyte colony-stimulating factor (G-CSF) mobilized peripheral
blood stem cells (PBSC) was performed as previously described (26-28). Positive selection
of CD34+ cells was performed using an Isolex 300i Magnetic Cell Separator (Baxter,
Deerfield, IL) with subsequent sheep RBC rosette depletion to remove residual T-cells
(Isolex E7) (n=129) (15) or by CD34" cell selection alone, using the CliniMACS

CD34 Reagent System (Miltenyi Biotech, Gladbach, Germany) (n=126) (21,29). The first
CliniMACS system at our institution was used in 2006 for patients who were enrolled onto
BMT CTN protocol 0303. For patients not enrolled onto that protocol, we continued to use
the Isolex system until mid 2010 after which they were no longer available. Bone marrow
(BM) grafts were used upon donor preference and were TCD by sequential soybean lectin
agglutination (SBA) and sheep RBC rosetting (n= 11). Equine (total 60 mg/kg) or rabbit
(2.5 mg/kg to 5 mg/kg) antithymocyte globulin was administered prior to transplant (d -3,
—2) to promote engraftment in most cases except for those patients receiving a transplant
from an HLA-matched related donor who were conditioned with HFTBI + thiotepa +
fludarabine, where no ATG was given (15). Patients did not receive any other post-transplant
immunosuppressive prophylaxis.

All patients received supportive care which included regular prospective monitoring of
reactivation or infection with EBV, CMV, or toxoplasmaosis, based upon patient and donor
serostatus. CMV was monitored at least weekly to day +100, every 2 weeks until day +180,
and then at physician discretion thereafter based upon patient specific factors. The same
monitoring strategy was used for EBV. During this time period, no specific prophylaxis
was used for CMV or EBV. Patients who were toxo seropositive or whose donors

were seropositive received either atovaquone or TMP/SMX soon after engraftment for
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both pneumocystis carinii pneumonia and toxoplasmosis prophylaxis. Prophylaxis against
opportunistic infections were according to standard guidelines and G-CSF was administered
beginning at day +7. IVGG replacement was done per CDC recommendations at the time.

During the time period of this study, it was our institutional standard to offer a TCD
transplant to patients undergoing transplant for AML in 15t or 24 CR. Unmodified
transplants were performed in 46 patients, (41 CR1, 5 CR2) over the same time

period. Reasons for proceeding with an unmodified transplant included patient preference,
insurance denial for the TCD transplant on protocol, or physician preference to use a
non-myeloablative regimen with an unmodified graft because of concerns of age or frailty.

Neutrophil engraftment was defined as the first of 3 consecutive days with an absolute
neutrophil count (ANC) = 500/uL. Platelet engraftment was defined as a platelet count

of =20000/uL without transfusion support for seven consecutive days. Engraftment was
confirmed by documentation of chimerism in the bone marrow cells using fluorescent in situ
hybridization of the X and Y chromosomes in sex-mismatched donor-recipient pairs and by
measurement of DNA restriction fragment length polymorphisms or short tandem repeats in
sex-matched pairs. Primary graft failure was defined as the absence of neutrophil recovery
(=500/pL) by day + 28 and a bone marrow biopsy with < 5% cellularity. Secondary graft
failure was defined as loss of ANC >500/uL after primary engraftment, with bone marrow
biopsy showing less than 5% cellularity, but with persistence of donor-type lymphoid cells.

Complete remission was defined as <5% blasts in the bone marrow, absence of blasts in
peripheral blood platelet count 2100K, and ANC =1000/uL. Cytogenetic risk was assigned
according to standard criteria (30). Minimal residual disease (MRD) was assessed prior to
transplant by cytogenetic analyses as well as by means of a quantitative real-time PCR assay
to detect molecular abnormalities that had been detected at diagnosis.

Assessment of comorbidities and calculation of the HCT-CI was assigned for all patients
(31). Acute GVHD was diagnosed clinically, confirmed pathologically whenever possible,
and classified according to standard criteria (32). Chronic GVHD was defined according to
National Institutes of Health consensus criteria (33). Overall survival (OS) and disease-free
survival (DFS) were defined following standard criteria and causes of death were determined
using a standard algorithm (34). Chronic GVH and relapse free survival (CRFS) was graded
according to National Institutes of Health consensus criteria global score (33).

Statistical analysis

Data was updated as of May 2017 which allowed for at least 2 years of follow up for the

last patient transplanted. Patient and treatment characteristics were compared across groups
using Pearson’s chi-squared or Fisher’s exact test for categorical variables, as appropriate.
Differences in continuous variables were assessed via the Wilcoxon Rank-Sum test. OS and
DFS were estimated using the Kaplan-Meier method with differences in survival rates across
groups accessed via a logrank test. The cumulative incidence of relapse, NRM, GVHD,

and engraftment were estimated using the cumulative incidence method for competing risks.
Death in the absence of relapse and disease relapse were considered competing risks for
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relapse and NRM, respectively, while death and relapse were both considered competing
risks for GVHD. Death prior to engraftment was treated as a competing risk for engraftment.
Differences in cumulative incidence between groups were evaluated using Gray’s test. A
cause-specific Cox Proportional Hazards regression model was used to determine the joint
effect of patient characteristics on relapse and NRM. For the purposes of estimating GVHD,
all patients were considered at risk for GVHD at the time of transplant and are included in
the analysis.

Patient, disease, and graft characteristics

Engraftment

A total of 266 patients fulfilled the inclusion criteria and constituted the study population.
The baseline patient characteristics and disease status at transplant are summarized in Table
1. Briefly, 200 patients with AML were in CR1 (75%), whereas the remaining 66 (25%)
were in CR2. Median age for the entire group was 54 years (range, 19-73), with 165
patients (62%) = 50 years. One hundred and fifty-six patients (59%) were seropositive for
CMV. One hundred and seventy-two patients (65%) had de novo AML, 69 (26%) had
secondary AML and 25 (9%) therapy-related AML. Patients in CR1 were significantly less
likely to have de novo AML and more likely to have an adverse cytogenetic risk profile.
Pretransplantation monitoring of MRD by cytogenetics or molecular testing identified 16
pts who had detectable MRD at time of transplant either by cytogenetics and/or molecular
testing. Seventy-six patients had normal cytogenetics at diagnosis with either an abnormal
molecular finding that was not retested at time of transplant or the testing failed at time

of transplant, or had normal cytogenetics at diagnosis and no evaluable molecular testing
at diagnosis. Therefore of the 266 patients, only 190 could be evaluated for MRD pre-
transplant and of these, 16 were found to have MRD as noted above. Of the 266, 215
(81%) received a transplant from an HLA matched donor. Patients undergoing transplant in
CR2 were more likely to have an HLA-mismatched donor (32%) than patients undergoing
transplant in CR1 (15%). A majority of patients in CR1 (58%) received chemotherapy
without radiation as myeloablative conditioning pre-transplant while more CR2 patients
(58%) received TBI. This was in part due to patient age since most patients above 60 of age
were not offered the TBI containing regimen and in part by physician discretion. HCT-CI
was intermediate or high risk for 76% of patients.

Peripheral blood was the graft source used for most of the patients with only 11 patients
(4%) receiving bone marrow. Ex vivo TCD of PBSC was achieved by the Isolex E-
technique in 48% of cases, and more recently by selection of CD34* cells with CliniMACS
device alone in 47%. The median infused CD34+ cell dose and CD3+ cell dose was 7.3 x
108/kg (range, 0.37-31.2) and 2 x 10%/kg (range, 0-619), respectively.

All but one patient who died on day +1 engrafted with a median time to neutrophil recovery
of 11 days (range, 9-21). Two hundred and fifty-seven patients (97%) engrafted platelets
with a median time to platelet recovery of 17 days (range, 10-54). Eight patients had
secondary graft failure, 4 having received transplants from matched donors (1 related and
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3 unrelated) and the other 4 transplanted from mismatched unrelated donors (3 were 9/10
and 1 was 8/10). All of these patients had received PBSC transplants. Four patients with
secondary graft failure are alive with a median follow-up of 83 months (range, 63-139), 3
after a second allo-HSCT (2 from a different donor) and one after a CD34+ selected stem
cell boost administered without conditioning. Of the remaining 4 patients who died, two
received stem cell boosts — one died of relapse almost a year later and one died of graft
failure. Two patients did not get stem cell boosts, one died of chronic GVHD over a year
later and one died of graft failure.

GVHD

Forty-three patients developed acute grade I1-1V GVHD at a median onset of 85 days (range,
12-440). The cumulative incidence of grade I11-1V and I1I-1V acute GVHD at day + 180 was
14% (95% CI: 10-18) and 3% (95% CI: 1-5), respectively (Figure 1). In univariate analysis,
none of the patient, disease or transplant characteristics, including the dose of T cells infused
with the graft, were associated with acute GVHD. Eight patients had chronic GVHD at a
median time of 154 days (range, 89-624) for a cumulative incidence at 3 years of 3% (95%
Cl: 1-6) (Figure 1). In this series, only 2 of the 43 patients developing acute GvHD did so
following a donor leukocyte infusion. None of the patients with chronic GvHD had received
DLI prior to developing GvHD.

Overall Survival, Disease-Free Survival, Chronic GvH and Relapse Free Survival, and
Relapse

A total of 146 patients were alive at last follow-up with a median follow-up of 76 months
(range, 12 to 184). Probability of OS and DFS at 1-year post-transplant were 75% (95% CI:
70-80) and 68% (95% Cl: 62—73), respectively, at 3 years 61% (95% ClI: 55-67) and 57%
(95% CI: 51-63), and at 5-years: 56% (95% CI: 50-62) and 53% (95% CI: 47-59) (Figure
2). Univariate analysis of patient, donor, disease and transplant characteristics for OS and
DFS are shown in Table 2. Intermediate and adverse cytogenetic risk and high HCT-CI
were significantly associated with worse OS (p<0.001) and DFS (p<0.001). High HCT-CI
was also correlated with a lower OS (p=0.014) and DFS (p=0.014). There was no statistical
difference in DFS and OS for older patients = 60 yrs (p=0.065 and 0.126, respectively),
those receiving TCD grafts from <7/8 (p=0.06) or from <9/10 (p=0.089) compared to fully
matched donors (Table 2).

The 1, 3 and 5-year probabilities of CRFS were 67% (95% CI: 61-72), 56% (95% CI: 50—
62) and 53% (95% CI: 46-59), respectively. In the univariate analyses, the factors associated
with a significantly lower CRFS were high HCT-CI (p=0.025) and intermediate and adverse
cytogenetics at diagnosis (p<0.001)

The cumulative incidence of relapse was 17% (95% CI: 12-21) at 1 year and 21% (95%
Cl: 17-27) at 3 years. Median time to relapse was 8 months (range, 2-119 months) for the
CR1 group and 6 months (range, 2-45 months) for the CR2 group. T cell dose of the graft
did not correlate with relapse. No statistically significant difference was observed between
the CR1 and CR2 groups with respect to OS, DFS and relapse incidence. However, in
univariate analysis, intermediate and adverse cytogenetics at diagnosis (p<0.001) and male
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patients (p=0.039) were associated with higher rates of relapse (Table 3). Only cytogenetics
at diagnosis remained a significant risk factor for relapse in multivariate analysis (HR 2.58
for intermediate risk and HR 10.32 for adverse risk, p<0.001) (Table 4). Ultimately, 52
patients (19.5%) died of disease relapse. Of note, of the 16 pts who were found to have
MRD at time of transplant, 5 relapsed and 4 of these died of disease.

Non-relapse mortality and causes of death

Of the entire cohort, 68 patients died without prior relapse for a cumulative incidence of
NRM at 1 and 3-years of 15% (95% ClI: 11-20) and 21% (95% CI: 16-26), respectively.
Causes of NRM included infection (n=36), GVHD (n=12), graft failure (n=2), organ
toxicities (n=8), recurrence of previous solid malignancies (n=3), secondary malignancies
(n=3) and other causes (n=4). Four patients died of EBV lymphoproliferative disorders,

all between 6 and 12 months post-transplant. Of 21 patients dying prior to day 100, most
(n=18) succumbed to infections, with bacterial infections (n=10) being the leading cause. An
additional 7 patients succumbed to early non-bacterial infections, (4 adenovirus, 1 CMV, 2
toxoplasmosis with 1 patient dying from multi-organ-failure without an identified pathogen.

Univariate analysis of NRM is shown in Table 3. Variables that were associated with
increased risk of NRM were: ie = 50 years (p=0.015), <8/8 HLA match (p=0.014), female
gender (p=0.009), patients receiving non TBI conditioning (p=0.006) and high HCT-CI
(p=0.034). There was no difference in NRM between patients in CR1 and CR2. Multivariate
analysis showed that <8/8 HLA match (p=0.009) and female gender (p=0.01) remained
independently associated with NRM (Table 4).

Female patients had a higher NRM (20% at 1 year and 28% at 3 years) in comparison to
males (12% at 1 year and 15% at 3 years, p=0.009). However, this difference in NRM was
driven by the subset of females receiving the non-TBI regimen where the NRM at 1 and 3
years was 28% and 39%, respectively, compared to 12% and 16% in the males receiving a
non-TBI regimen. NRM in both males and females receiving the TBI containing regimen
were comparable to that seen in males receiving the non-TBI regimen. Patient, donor, and
graft characteristics, conditioning variables, and causes of death were examined to determine
the etiology of the increased NRM in the non-TBI female subset but no definitive etiology
was identified. In the subset of patients who received the non-TBI regimen, there was no
difference observed between the CR1 and CR2 groups. There was a strong trend towards
a higher NRM among secondary or therapy-related AML patients as compared to de novo
(p=0.053).

Discussion

This study shows that patients with AML in CR1 or CR2 undergoing myeloablative ex

vivo TCD allo-HSCT had an OS and a DFS comparable to that reported after unmodified
transplants (35—-40) with a much lower incidence of acute and chronic GVHD and without a
higher relapse rate. We also confirmed that there was no significant difference in OS, DFS
and relapse incidence between patients transplanted in CR1 or CR2.
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The use of TCD transplants for the treatment of patients with AML has been stifled by
concerns of a higher relapse risk. This concern was primarily based upon extrapolation

from historical results in CML patients undergoing TCD transplants (41). The majority of
publications describing results of TCD transplants have reported on a variety of hematologic
diseases. Those focused on patients with AML have been very limited and are primarily
derived from this center. Our first study, published 20 years ago, reported outcomes of

31 patients with de novo AML in CR1 and 8 in CR2 who received TCD bone marrow
transplants from HLA-identical sibling donors. The estimated probability of DFS at 4 years
for the CR1 patients was 77% with a median follow-up of 56 months. For those transplanted
in CR2, the DFS probability estimate at 3 years was 50% with a median follow up of 48
months. The median age for CR1 patients was 37 and for CR2 patients, 33 years, with a
range of 15-55 years. Relapse rate was 3.2% at 4 years and 12.5% at 3 years for CR1

and CR2 patients, respectively. In this relatively young group, NRM was 19.4% and 37.5%
for CR1 and CR2, respectively. Notably, there was no acute grade 11-IV GVHD and the
incidence of chronic GVHD was 3% (14).

In the current era, supportive care and advanced cell separation techniques have altered

the landscape of HSCT. The median age of transplant candidates has increased. Greater
numbers of unrelated donors are being used and the most common stem cell source is GCSF
mobilized PBSC. In addition, enrichment of stem cells and depletion of lymphocytes is

now accomplished by automated immunomagnetic bead selection of CD34* progenitors, a
process which depletes the majority of accessory cells. This method has replaced the more
labor intensive lectin-based or antibody-based separation techniques that were primarily
developed to deplete T-cells.

More recently, in a collaborative effort with MD Anderson Cancer Center (MDACC),

we compared transplant outcomes of 115 patients with AML in CR1 undergoing TCD
transplants at MSKCC with 181 comparable patients who received unmodified allografts
at MDACC (19) over the same time period. In this older group of patients, the median
age was 52 and 48 years, respectively for the MSKCC vs MDACC patients. Donors were
HLA matched related or unrelated in 77% at MSKCC and 92% at MDACC. At MSKCC,
23% of the patients received HLA non-identical grafts vs. 8% at MDACC. Grafts were
bone marrow in 7% vs 32% and PBSC in 93% vs. 68% (MSKCC vs MDACC). There was
no statistically significant difference in OS, RFS or incidence of relapse between the two
centers. However, there was a significantly lower incidence of acute and chronic GVHD
(p=0.005 and p<0.001, respectively) in those who received the TCD grafts (19).

In the present study, we report our expanded experience of 266 consecutive patients who
received TCD HCT for AML in CR1 or CR2 from 2001 to 2014. The characteristics

of patients transplanted in CR1 are similar to those analyzed in the MSKCC-MDACC
comparative study (19). However, the present study includes 126 patients who received
transplants depleted of T-cells by the CliniMACS device instead of the ISOLEX separator
which is no longer in use. As shown in Table 1, the patients transplanted in CR1 were almost
exclusively those with an intermediate or high risk cytogenetic profile. In contrast, a third

of those transplanted in CR2 had had favorable characteristics at diagnosis but relapsed and
were referred for transplant only after achieving CR2. Patients in CR2 were significantly
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more likely to receive an HLA-non-identical graft. Despite a higher co-morbidity index in
the CR2 patients, the TBI based conditioning was used in 58% of CR2 patients versus 42%
for CR1 patients (p=0.03). The criteria to use the non-TBI regimen in the 2"d CR patients
was the same as for the CR1 patients, i.e., patients with treatment related AML, prior MDS,
age>60 yrs. It is notable that the number of CR2 patients from 2010 until 2014 was far less
(15 patients) compared to the number of CR2 patients from the start of the study until 2009
(51 patients). Therefore, the majority of the 2"d CR transplants were performed prior to our
change in policy due to a higher incidence of renal dysfunction in the patients receiving full
dose TBI and may therefore have accounted for this difference.

As shown in Tables 2 and 3, results in the expanded CR1 cohort are similar to those reported
in the earlier two center study (19), with 3 yr OS and DFS of 63% and 58%, respectively,
compared to 57% and 58% in the two-center study. Strikingly, in this study, the OS (54%),
DFS (51%) and cumulative incidence of relapse (18%) at 5 years for patients transplanted

in CR2 did not differ significantly from those demonstrated by patients transplanted in CR1.
Consistent with previous reports (14-23), the present study confirms the low cumulative
incidences of acute and chronic GVHD following the CD34 selection techniques employed.
This resulted in CRFS rates almost identical to DFS rates at 3 and 5 years.

In this study, as in our own and other prior studies of TCD HCT applied to the treatment of
AML, the incidence of relapse post transplant for patients transplanted in CR1 (14,18,19,42)
is no higher than the relapse rate reported after unmodified HLA-matched transplants
administered after myeloablative conditioning (10,35,43-45). The low number of residual
alloreactive donor T cells infused and the time required for reconstitution of donor T

cells matured from lymphoid precursors makes it unlikely that either of these mechanisms
contribute to the low incidence of relapse seen at a median of 8 months for CR1 and 6
months for CR2. In the current patient cohort, for example, the median dose of T-cells
administered was 2 x 10 3/kg. On the other hand, NK cells recover within 3 weeks of

a CD34+ selected TCD graft (46), and their expression of specific KIRs in both HLA
disparate and certain HLA-matched hosts correlated with a reduced risk of relapse (47-49).
To what degree NK cells or other components of the innate immune system contribute to the
low overall relapse rates remains to be determined.

One of the most significant prognostic factors for long term success of transplantation

for patients with AML in CR1 is the cytogenetic profile at diagnosis (10,35,43-45). In

this study, the OS and DFS rates for patients exhibiting intermediate cytogenetic features
(64% and 61%) or adverse features (45% and 38%) compare favorably with OS and DFS
rates reported for unmodified grafts in younger patient (43,44). However, for such patients,
transplanted either in CR1 or CR2, relapse was still the most significant cause of treatment
failure. Differences in NRM between these cytogenetic risk categories or between CR1

and CR2 were not statistically significant. It is recognized that the alterations in gene
expression induced by adverse cytogenetics have thus far been difficult to target. Since TCD
grafts can abrogate the risk of GvHD without immunosuppressive drug prophylaxis, they
provide a unique platform for innovative strategies. These include immunomodulating drugs
and biologics as well as immunotherapeutic effectors selectively targeting determinants
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differentially expressed by clonogenic AML cells to eradicate residual disease and prevent
relapse.

In our study cohort, 62% of patients were older than 50 years and the majority of patients
were considered high risk based on diagnosis, disease status, and HCT-CI. However, the
NRM rates were similar to those observed in our previous reports of TCD BM and PBSC
transplants which included a larger proportion of younger patients (14,15,20,50). The NRM
seen before day 100 was mostly attributed to infection, most of which were in the early
peri-transplantation period and bacterial in nature. Therefore, they could not be attributed

to delayed immune reconstitution. Since this study spanned 14 yrs, the methods for viral
monitoring changed dramatically over this time period, in particular for CMV and EBV.
HHV-6 was difficult to identify in the early years of this study but became available later on
as pcr technology advanced. Therefore, to give exact reactivation rates of this specific cohort
over the 14 yr period is difficult. However, evaluation of the incidence of double stranded
DNA viruses after ex vivo CD34+ selected HSCT for patients with AML and MDS over a
period from early 2012 through December 2014, with prospective monitoring by quantitative
PCR assays for CMV, ADV, HHV-6, and EBV in whole blood or plasma have been reported
(56). In a cohort of 176 patients, the cumulative incidences for CMV, HHV-6, ADV, and
EBV viremia were 44%, 61%, 7%, and 16%, respectively. Overall, viremia by dsDNA
viruses occurred in 85% of TCD HCT recipients by day +100 and 33% of pts experienced
>=2 viremias by day +180. Despite the high incidence of reactivation, only 5 patients in our
study cohort died of viral infections.

Although several variables demonstrated an association with NRM in univariate analysis,
only HLA allelelic mismatches and female gender remained significant variables in the
multivariate analysis. The significantly increased risk of NRM observed for <7/8 matched
donors is consistent with the increased risk of NRM that has also been observed following
HLA non-identical unmodified transplants. In the latter, however, this increased NRM risk
has usually been ascribed to the need for more intensive posttransplant immumosuppression
to prevent or treat GVHD (51). Alternatively, since transplant-derived donor T-cells specific
for latent-viruses such as CMV and adenovirus are usually specific for epitopes presented
by only 1-3 HLA alleles, they may be ineffective in HLA non-identical recipients if their
restricting allele is not shared by the patient (52,53).

In this expanded cohort, the increased risk of NRM previously reported in females
conditioned with busulfan, melphalan and fludarabine (19) was again observed, and was
significant both in univariate and multivariate analysis. Conversely, in univariate but not
multivariate analyses, the risk of relapse was increased in male transplant recipients. As a
result, ultimate OS and DFS for female and male patients did not differ. Nevertheless, these
findings suggest that gender differences in either the intrinsic sensitivity of patient cells to
the chemotherapeutic agents used (54) or gender differences in the pharmacokinetics and/or
pharmacodynamics of these drugs may contribute to both toxicity and tumor eradication.

In one prior study evaluating predicted and actual pharmacokinetics of busulfan (1.6 mg/kg
1.V./day x 2) followed by a fixed dose of melphalan (140 mg/m2x1) administered to patients
receiving autologous transplants for lymphoma or myeloma, actual AUCs for busulfan
significantly exceeded predicted levels in females but not males in univariate analysis.
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However, this was not detected in multivariate analysis and overall toxicities did not differ
(55). However, drugs and dose intensities administered to these patients prior to referral for
transplantation are quite different from those given to AML patients. Planned prospective
studies of the pharmacokinetics of busulfan, melphalan, fludarabine, and ATG may clarify to
what degree gender affects their pharmacokinetics in this setting and to what degree this is
correlated with NRM and ultimate outcome.

As with all retrospective studies there are inherent limitations to this study. First, there is
the potential for selection bias in the type of conditioning (TBI vs. chemotherapy-based)
administered. As noted above, the criteria to use a chemotherapy-based regimen were based
upon the pt’s age; diagnosis of treatment related AML and secondary AML from MDS;
prior renal dysfunction; etc. Although there were no significant differences in outcomes

of OS or DFS based upon the conditioning regimen, there were differences in other
outcomes in subgroups, such as the increased NRM seen in females treated with the
all-chemotherapy regimen. Particular protocols at a given point in time have also led to
eligible patients undergoing transplant with TBI regimens. We did not see the difference in
outcomes between patients undergoing TBI conditioning versus busulfan-based conditioning
as reported by Copelan et al. (25). Therefore, we cannot recommend one cytoreductive
regimen over the other based upon our data. This would likely require a prospective
randomized trial comparing the two regimens. Second, the study period was 14 years
during which time supportive care advanced, especially with respect to infectious disease
prophylaxis, monitoring, and treatment. Nevertheless, our comparison of outcomes in the
group of patients who received an Isolex CD34 selected graft (before 2010) and those

who received a CliniMACs graft (most done from 2009 onward), revealed no statitiscally
significant difference between the two time periods. Third, the number of patients in the
CR2 group was significantly lower than that for CR1 reflecting the increasing proportion
of patients with high risk forms of AML referred early for transplantation. However, the
study has several distinctive and informative attributions: First, the large number of patients
included in the expanded study with a median follow-up of > 6 years. Second, this large
retrospective analysis confirms the findings of the earlier two center study comparing TCD
to unmodified transplants for patients with AML in CR1 (19) demonstrating that these
TCD grafts are associated with a similarly low relapse rate and a low incidence of acute
and chronic GVHD. Thus, this study further dispels the misconception of higher relapse
rates with ex vivo TCD transplantation. The study also shows strikingly similar findings

in the patients transplanted for AML in CR2. A randomized, multi-center phase I11 trial of
calcineurin inhibitor free interventions for prevention of GVHD (BMT CTN protocol 1301;
NCT02345850) has just recently completed accrual. This study is evaluating three strategies
for GVHD prophylaxis: the CD34 ex-vivo TCD vs post-transplant cyclophosphamide vs
standard CNI/methotrexate. With chronic CRFS as the primary endpoint, this large study of
over 300 patients will hopefully identify the optimal GVHD prevention strategy among the
three arms.

Future trials need to focus on reducing NRM and relapse, both of which remain significant
obstacles to the success of all transplants. To that end, we have embarked on an alpha-beta T
cell depletion strategy in the setting of a reduced intensity transplant. This trial is currently
underway at our institution. In addition, given the low incidence of both acute and chronic
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GVHD without immunosuppressive drug therapy seen in our TCD transplants, they provide
a unique platform for strategies employing drugs and biologicals, as well as donor derived
immunotherapeutic effectors.
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Highlights

. Ex-vivo TCD HSCT in AML CR 1 & 2 results in comparable OS & DFS as
with unmodified HSCT

. Transplant outcomes are similar in patients with AML CR1 & 2 following
TCD HSCT

. Risk of relapse after Ex-vivo TCD HSCT is no higher than after unmodified
HSCT

. Ex-vivo TCD HSCT results in significantly lower GvHD rates compared to

unmodified HSCT
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Figure 1.
Cumulative incidence of grade I1-1V acute GVHD and chronic GVHD
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Patient, donor and graft characteristics according to disease status

Table 1

Disease Status at TCD-HSCT P-value
Variable
CR1N=200n (%) CR2N=66n (%)
Age, years
Median (range) 54 (19-73) 52 (23-71) 0.15
<50 75 (38) 26 (39) 0.02
50-59 56 (28) 28 (42)
>60 69 (34) 12 (18)
Female 91 (46) 32 (48) 0.78
Patient CMV serostatus 0.82
Seropositive 116 (58) 40 (61)
AML 0.007
De novo 119 (60) 53 (80)
Secondary 58 (29) 11 (17)
Therapy-related 23 (12) 2(3)
Cytogenetic risk profile at diagnosis <0.001
Favorable 6 (3) 22 (33)
Intermediate (1 & 1) 134 (67) 35 (53)
Adverse 60 (30) 9(14)
Donor/recipient gender
Match 104 (52) 35 (53) >0.99
Donor type of 10 0.009
Related HLA identical 82 (41) 19 (29)
Matched unrelated 88 (44) 26 (39)
Mismatched unrelated/related 29/1(14/1) 19/2 (29/3)
Conditioning regimen * 0.03
TBI-based 83 (42) 38 (58)
Chemotherapy-based 117 (58) 28 (42)
Stem cell source >0.99
Bone marrow 8 (4) 3(5)
Peripheral blood 192 (96) 63 (95)
CD34+ selection method <0.001
Lectin 8(4) 3(5)
CliniMACS 111 (56) 15 (23)
Isolex 81 (40) 48 (73)
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Disease Status at TCD-HSCT P-value
Variable
CR1N=200n (%) CR2N=66n (%)
HCT-CI 1 0.04
Low 45 (22) 18 (27)
Intermediate 77 (38) 14 (21)
High 78 (39) 34 (52)

Abbreviations: N, number of patients; CMV, cytomegalovirus; MRD, minimal residual disease; HCT-CI, Hematopoietic Cell Transplantation
Comorbidity Index

*
For detailed information on conditioning regimen, see Methods.

1L0w=0; Intermediate=1-2; High > 3
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Table 2
Correlation of OS and DFS with patient, disease and transplant characteristics
OS % (95% ClI) DFS % (95% CI)
1 year 3 year 5 year p-value 1year 3 year 5 year p-value

Overall 75(70,80) 61 (55,67) 56 (50, 62) 68 (62,73) 57(51,63) 53 (47,59)

CR status 0.508 0.592
CR1 77(71,83) 63(56,69) 57 (49, 64) 69 (62, 75) 58 (51,65) 54 (47,61)
CR2 68 (55,78) 57 (45,68) 54 (41, 65) 65 (52, 75) 54 (42,66) 51 (38,62)

Age 0.065 0.126
<50 79 (70,86) 66 (56, 74) 62 (52, 71) 71(61,79) 61(51,70) 59 (48, 68)
50-59 75(64,83) 62(51,71) 60 (49, 70) 69 (58,78) 58(47,68) 57 (46, 67)
=60 70(59,79) 55 (44,65) 45(33,56) 63 (51,72) 52(40,62) 43(32,54)

Patient gender 0.31 0.59
Female 73(64,80) 58 (49,66) 52 (42, 60) 69 (60, 76) 55 (46,64) 50 (40, 59)
Male 77 (69,83) 64 (56,71) 60 (51, 68) 67 (59, 74) 59 (51,67) 56 (48, 64)

Match of 8 0.06 0.134
<7 69 (54,79) 55(40,67) 47 (33, 60) 65 (50, 76) 51 (37,64) 45 (31,58)
8 77(71,82) 63(56,69) 59 (52, 65) 69 (62, 75) 59 (52,65) 55 (48, 62)

Match of 10 0.089 0.179
<=9 71(58,81) 56 (43,68) 48 (35, 60) 65 (51,75) 52(39,63) 47 (34,58)
10 76 (70,82) 63 (56,69) 59 (52, 66) 69 (62, 75) 59 (52,66) 55 (48, 62)

Conditioning Regimen 0.151 0.187
Chemotherapy 76 (68,82) 59 (51,67) 51 (42,59) 68 (60, 75) 56 (47,63) 48 (39, 56)
TBI-based 74 (66,81) 64 (55,72) 62(53,70) 68 (59, 75) 59 (50, 68) 59 (50, 68)

HCT-CI 0.014 0.014
Low 81(69,89) 68(55,78) 64 (51,75) 73 (60,82) 62(49,73) 60 (47,71)
Intermediate 80 (70,87) 66 (55, 75) 64 (53, 73) 71(61,80) 63(53,72) 62(51,71)
High 68 (58, 76) 54 (45,63) 46 (36, 55) 63 (53,71) 50 (40,59) 43(34,52)

Etiology 0.472 0.487
De novo 74 (67,80) 62 (55,69) 58 (50, 65) 66 (59, 73) 59 (51,66) 56 (48, 63)
Secondary 75(63,84) 61(48,71) 57 (45, 68) 70 (57,79) 55(42,66) 52 (39, 63)
Therapy - related 80 (58,91) 56 (35, 73) 42 (23, 61) 76 (54,88) 52(31,69) 43(23,61)

MRD 0.926 0.734
Negative 75(69,80) 61 (55,67) 56 (49, 62) 68 (62, 74) 57(51,63) 53 (47,59)
Positive 75(46,90) 61(33,80) 61(33,80) 62 (35,81) 56(30,76) 56 (30, 76)

Cytogenetic risk profile <0.001 <0.001

Favourable 93 (74,98) 85(66,94) 85 (66, 94) 93(74,98) 82(62,92) 82(62,92)
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0S % (95% ClI)

DFS % (95% ClI)

1 year 3year 5 year p-value 1 year 3year 5 year p-value
Intermediate 75(68,81) 64 (57,71) 59 (51, 66) 72 (64,78) 61 (54,68) 57 (49,64)
Adverse 68 (56, 78) 45 (33,56) 38 (26, 49) 49 (37,60) 38(26,49) 32(22,44)
Donor/patient gender 0.342 0.375
match 72(64,79) 59 (51,67) 54 (45, 62) 65 (57,73) 56 (47,64) 52 (43, 60)
mismatch 79 (71,85) 64 (54,71) 59 (49, 67) 71(62,78) 59 (50,67) 55 (46, 63)

Abbreviations: HCT-CI, Hematopoietic Cell Transplantation Comorbidity Index; MRD, minimal residual disease
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Table 3

Correlation of relapse and NRM with patient, disease, and transplant characteristics

Relapse % (95% CI)

NRM % (95% Cl)

1year 3 year p-value 1 year 3 year p-value

Overall 17 (12,21) 21 (17,27) 15(11,20) 21 (16, 26)

CR status 0.693 0.404
CR1 18 (13,23) 23(17,29) 14 (9,19) 19 (14, 25)
CR2 14 (7,23) 18(10, 28) 21(12,32) 27(17,39)

Age 0.811 0.015
<50 21(13,29) 24(16,32) 8(4,14) 15 (9, 23)
50-59 13(7,21) 19(11,28) 18 (11,27) 23 (14,32)
260 15(8,23) 21(13,31) 22(14,32) 27(18,37)

Patient gender 0.039 0.009
Female 11(7,18) 16 (10, 23) 20(13,27) 28(21,37)
Male 21(15,28) 26(19, 33) 12 (7, 18) 15 (9, 21)

Match of 8 0.467 0.014
<7 12 (5, 22) 16 (7, 27) 24 (13,36) 33(21, 46)
8 18 (13,23) 23(17,29) 13(9,18) 18(13,24)

Conditioning Regimen 0.295 0.006
Chemotherapy 12 (8,18) 18(12,25) 19 (13,26) 26 (19, 34)
TBI-based 21(15,29) 26(18,34) 11 (6, 17) 15 (9, 22)

HCT-CI 0.662 0.034
Low 14 (7,24)  22(13,33) 13 (6, 22) 16 (8, 26)
Intermediate 16 (10, 25) 20 (12, 29) 12 (6,20) 17 (10, 25)
High 18 (11, 26) 22 (15, 30) 20(13,27) 2820, 36)

Etiology 0.625 0.053
De novo 19 (14,25) 23 (17, 30) 15 (10, 20) 17 (12, 24)
Secondary 13(6,22) 19(11,29) 17 (10, 27) 26 (16, 37)
Therapy - related 8 (1, 23) 16 (5, 33) 16 (5,33) 32(15,51)

MRD 0.482 0.796
Negative 16 (12,21) 21 (16, 27) 15(11,20) 21 (16, 27)
Positive 19 (4,41)  25(7,48) 19 (4,41) 19 (4, 41)

Cytogenetic risk profile <0.001 0.074
Favourable 4 (0, 16) 7(1,21) 4 (0, 16) 11 (3, 26)
Intermediate 10 (6, 15) 14 (9, 19) 18 (13,25) 25(19,32)
Adverse 38(26,49) 46 (34, 58) 13 (6, 22) 16 (8, 26)

Donor/patient gender 0.359 0.915
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Relapse % (95% CI)

NRM % (95% Cl)

1 year 3year p-value 1 year 3year p-value
match 18 (12, 25) 23 (16, 30) 17 (11,23) 21 (15, 28)
mismatch 15(9,22) 20 (13,27) 14 (9,21) 21(15,29)

Abbreviations: HCT-CI, Hematopoietic Cell Transplantation Comorbidity Index; MRD, minimal residual disease
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Table 4

Multivariate analysis model of risk factors for transplantation outcomes in all patients.

Page 26

NRM"* Relapse* 0s DFS

Variables

HR (95% Cl) Pvalue HR(95%CI) Pvalue HR(95%CI) Pvalue HR(95% CI) P value

Age (years) 0.109
<50 Reference
250 1.66 (0.88-3.12)

Patient gender 0.01 0.194
Female Reference Reference
Male 0.53 (0.32-0.86) 1.41 (0.83-

2.4)

Conditioning regimen 0.318
Chemotherapy Reference
TBI-based 0.73 (0.39-1.36)

HCT-CI 0.106 0.059 0.065
Low Reference Reference Reference
Intermediate 1.1 (0.52 -2.33) 0.93 (0.54 0.83 (0.5

-1.58) -1.38)
High 1.84 (0.91-3.7) 1.48 (0.9-2.44) 1.3 (0.83-2.14)

Match of 8 0.009
<7 Reference
8 0.48 (0.28-0.81)

Cytogenetic risk profile <0.001 <0.001 <0.001
Favorable Reference Reference Reference
Intermediate 2.58 (0.61- 3.75 (1.37- 3.14 (1.27-

10.9) 10.28) 7.78)
Adverse 10.3 (2.47- 6.12 (2.19- 5.92 (2.34-
43.02) 17.1) 14.94)

Abbreviations: HR, hazard ratio

*
cause-specific cox proportional hazards model
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