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Abstract

We compared outcomes of adult patients receiving T-cell depleted (TCD) hematopoietic stem cell
transplantation (HCT) without additional GVHD prophylaxis at Memorial Sloan Kettering Cancer
Center (MSKCC, N=52) with patients receiving conventional grafts at MD Anderson Cancer
Center (MDACC, N=115) for acute lymphoblastic leukemia in CR1 or CR2. Patients received
myeloablative conditioning. Thirty-nine patients received ATG at MSKCC and 29 at MDACC.
Cumulative incidence of grades 2-4 acute (p=0.001, 17.3% vs. 42.6% at 100 days) and chronic
GVHD (p=0.006, 13.5% vs. 33.4% at 3 years) were significantly lower in the TCD group. The
NRM at day 100, 1 and 3 years was 15.4%, 25.0% and 35.9% in the TCD group and 9.6%, 23.6%
and 28.6% in the unmodified group (p=0.368). There was no difference in relapse (p=0.107,
21.3% vs. 35.5% at 3 years), OS (p=0.854, 42.6% vs. 43.0% at 3 years), or RFS (p=0.653, 42.8%
vs. 35.9% at 3 years). In an adjusted model, age >50, cytogenetics and CR status were associated
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with inferior RFS (HR=2.16, p=0.003, HR=1.77, p =0.022, HR=2.47, p<0.001), while graft type
was not significant (HR=0.90, p=0.635). OS and RFS rates are similar in patients undergoing TCD
or conventional HCT, but TCD effectively reduces the rate of GVHD.

Keywords

Hematopoietic stem cell transplantation/methods; acute lymphoblastic leukemia; T cell depletion;
graft versus host disease

Introduction

Allogeneic hematopoietic stem cell transplant (HCT) has been shown to confer a survival
advantage to high-risk patients with acute lymphoblastic leukemia (ALL) in first complete
remission (CR1) and in patients in second CR (CR2), with overall survival at 5 years of
40-50%.1-> Graft-versus-host disease (GVVHD) remains one of the main causes of post-
transplant morbidity and mortality. Manipulation of allografts with T-cell depletion (TCD)
has established efficacy in patients with acute myelogenous leukemia (AML),
myelodysplastic syndrome and non-Hodgkin lymphoma, and is associated with a
significantly decreased incidence of GVHD6-10. A recent comparison of conventional and
TCD grafts in patients with AML demonstrated similar outcomes but significantly less
GVHD in patients receiving TCD grafts'!. The use of TCD HCT was also recently reported
in patients with ALL (n=56), and demonstrated favorable overall survival (OS) and relapse-
free survival (RFS) with low rates of GVHD#. However, there are no published reports
comparing TCD versus conventional transplantation in ALL.

In this study we compared the outcomes of patients receiving TCD-HCT at Memorial Sloan
Kettering Cancer Center (MSKCC) with patients receiving conventional grafts at MD
Anderson Cancer Center (MDACC) for ALL in CR1 or CR2, and found that overall and
relapse-free survival were similar, but acute and chronic GVHD incidences were
significantly lower in the TCD group.

Patients and Methods

Patients

Patients older than 18 undergoing HCT for ALL in CR1 or CR2 between 2000 and 2010
were identified through the institutional BMT registries at MDACC and MSKCC after
approval by each institution's institutional review board. Patient demographics, disease
characteristics, treatment, GVHD, and outcome data were obtained from departmental
databases at each institution. Complete remission was defined as < 5% blasts in the bone
marrow. Cytogenetic risk was assigned according to standard criterial2. Donor-recipient
human leukocyte antigen (HLA) matching was established by DNA sequence-specific
oligonucleotide typing for HLA-A, -B, Cw, -DQBL1, and -DRB1 loci, in both institutions.
Patients were considered to be mismatched if they did not match at 10/10 alleles.
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Transplant procedure and supportive care

Patients at MSKCC received TCD grafts (TCD group, n = 52) after myeloablative (MA)
cytoreduction consisting of hyperfractionated total body irradiation (HFTBI), followed by
thiotepa and high dose cyclophosphamide (n = 16) or thiotepa and fludarabine (n = 31), as
described previously® 7. One patient was treated with busulfan, melphalan and
fludarabine, as previously described,8 and 4 with clofarabine, thiotepa and melphalan, as
part of an ongoing clinical trial (clinicaltrials.gov NCT01119066). Peripheral blood stem
cell (PBSC) grafts (n = 46) underwent CD34+ cell selection using CliniMACS cell selection
system (Miltenyi Biotech, Gladbach, Germany, n=7), or by positive selection of CD34+
cells using the ISOLEX 300i Magnetic Cell Separator (Baxter, Deerfield, Illinois) and
subsequent sheep RBC rosette depletion (n=39)". T cells were removed from bone marrow
(BM) grafts (n = 6) by sequential soybean lectin agglutination and sheep RBC rosette
depletion® 8, Thirteen recipients of an HLA-matched related donor graft who were treated
with HFTBI, thiotepa, and fludarabine (n = 10), or HFTBI, thiotepa, and cyclophosphamide
(n = 3) did not receive any rejection prophylaxis. Thirty-nine patients received anti-
thymocyte globulin (ATG) for graft rejection prophylaxis. Eight recipients of matched
related identical donors received ATG either because they received chemotherapy only
conditioning (n=4) or at the discretion of the practicing providers for recipients of TBI based
conditioning (n=4). No patients received GVHD prophylaxis post-transplant.

Patients at MDACC received unmodified grafts (unmodified group, n = 115) after
myeloablative conditioning regimens as follows: 62 patients received TBI-based
conditioning with either cyclophosphamide (n = 44) or etoposide (n = 18), 51 intravenous
busulfan-based conditioning with either melphalan (n = 31) or clofarabine (n = 20), and 2
received carmustine, etoposide, cytarabine, melphalan and alemtuzumab. Recipients of
matched unrelated grafts received a total dose of 4mg/kg ATG (n = 29). Tacrolimus and
mini-methotrexate (5mg/m?2 on days 1,6 and 11 post transplant) were used for GVHD
prophylaxis in all patients. Forty patients received BM grafts, and 75 PBSC.

Patients were managed at both institutions according to each institution's standard
guidelines. GVHD was diagnosed clinically, confirmed pathologically when possible and
graded according to standard criterial3. GVHD diagnosed after day 100 post-transplant was
classified as chronic GVHD4. Only patients who engrafted were evaluable for GVHD
assessment. The cause of death was determined using a standard algorithm1°.

Data collection and statistical methods

Data was updated as of December 2012. Patient characteristics were compared between the
TCD and unmodified graft groups using the Wilcoxon rank sum test for continuous
covariates, and chi-square test or Fisher's exact test for categorical covariates where
appropriate. Overall survival (OS) and relapse-free survival (RFS) were defined as the time
from HCT until death from any cause and disease relapse or death, respectively. Non-relapse
mortality (NRM) was defined as death in a patient without leukemia relapse. Univariate
probabilities and 95% confidence intervals of OS and RFS were estimated using Kaplan-
Meier methodology, and survival distributions were compared across patient and treatment
characteristics using a logrank test. The cumulative incidence of NRM, leukemia relapse,
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and GVHD was estimated based on the cumulative incidence method of competing risks.
Leukemia relapse, death in the absence of leukemia relapse, and relapse or death in the
absence of GVHD were considered competing risks for NRM, leukemia relapse, and
GVHD, respectively. Gray's test was used to compare the incidence of NRM, leukemia
relapse, and GVHD between patients receiving unmodified versus TCD grafts. The
incidence of relapse for the two graft types was additionally compared separately for CR1
and CR2 patients. Cox proportional hazards regression was used to evaluate the univariate
associations between patient and transplant characteristics with respect to OS and RFS.
Patient and transplant characteristics included, type of graft (TCD, unmodified), age (older
than 50 years), gender, immunophenotype (B-cell, T-cell, other), cytogenetic risk, CR status
at transplantation (CR1, CR2), donor type (HLA-matched related, HLA-matched unrelated,
HLA-mismatched), and stem cell source (bone marrow, peripheral blood). A multivariate
Cox regression model was implemented to further investigate the association between risk
of relapse or death and graft type, CR status, age, and cytogenetics. Statistical analysis was
performed using R 3.0.0.

Results

Patient characteristics

Patient characteristics are summarized in Table 1. Donor type differed between the
unmodified and TCD groups, with a higher percentage of patients in the unmodified group
receiving a transplant from a matched related donor (MRD) and only one patient in this
group receiving a transplant from a mismatched donor (p<0.001). Additionally, a higher
percentage of patients received grafts from peripheral blood in the TCD cohort compared to
the unmodified group (88.5% vs. 65.2%, p=0.003). Since in-vivo T-cell depletion with
alemtuzumab or ATG could affect outcomes in the unmodified graft group, we compared
the use of in-vivo T-cell depletion within this group and found no significant difference with
respect to OS and RFS (data not shown). As a result, all patients in the unmodified group
were pooled for subsequent analysis except for GVHD.

Overall survival, relapse free survival, and relapse incidence

As of December 2012, the median-follow up among surviving patients was 38.9 months
(range: 20.5-97.4 months) in the TCD group and 47.9 months (6.0-126.1 months) in the
unmodified group. No statistically significant difference was observed between the TCD and
unmodified groups with respect to OS, and RFS (Figure 1, Table 2). The 3 year survival
probabilities in the TCD and unmodified groups were 42.6% vs. 43.0% (p=0.854) for OS
and 42.8% vs. 35.9% for RFS (p=0.653). The 3-year cumulative incidence of relapse was
21.3% in the TCD group and 35.5% in the unmodified group (p=0.107). Separated by CR
status, the incidence of relapse remained lower for the TCD cohort; however, neither
comparison reached statistical significance (CR1: p=0.261, 3-yr estimates 16.7% vs. 29.0%;
CR2: p=0.431, 3-yr estimates 32.3% vs. 42.5%).

Non-relapse mortality

The NRM at day 100, 1 year and 3 years was 15.4%, 25.0% and 35.9% in the TCD group
and 9.6%, 23.6% and 28.6% in the unmodified group (p=0.368). Causes of death in the TCD
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group included relapsed leukemia (n = 11, 37.9%), GVHD (n =5, 17.2%), infection (n = 7,
24.1%), organ toxicity (n =5, 17.2%), and graft failure (n =1, 3.4%). In the unmodified
group, causes of death included relapse (n = 34, 51.5%), GVHD (n = 21, 31.8%), infection
(n =8, 12.1%), and organ toxicity (n = 3, 4.5%). Death in the first 100 days post-transplant
occurred in 9 (17.3%) patients in the TCD group (4 from infection, 1 acute GVHD, 1 non-
engraftment, 2 organ failure, 1 relapse), and 11 (9.6%) patients in the unmodified group (4
from infection, 6 from acute GVHD, 1 from organ toxicity). Patients in the unmodified
group had a lower incidence of death due to infection than the patients in the TCD group
(p=0.046).

Graft-versus-host-disease

The rate of grade 2-4 acute GVHD was significantly lower in the TCD group than in the
unmodified group (p=0.001, 100 day estimates 17.3% vs. 42.6%). No significant difference
was noted in the rate of grade 3-4 acute GVHD, which was low in both cohorts (p=0.164,
100 day estimates 7.7% vs. 15.7% in the TCD and conventional groups, respectively). The
rate of chronic GVHD was significantly lower in the TCD group compared to the
unmodified group (p=0.006, 3 year estimates 13.5% vs. 33.4%). In the unmodified group, 39
patients developed chronic GVHD, including 26 with extensive cGVHD, while 7 patients in
the TCD group developed chronic GVHD, including 3 with extensive cGVHD. Due to
potential differences in aGVVHD incidence among patients receiving ATG, a subset analysis
was conducted looking at the grade 2-4 aGVHD incidence among patients whom received
ATG. A significant difference remained between TCD and unmodified grafts with TCD
grafts exhibiting a significantly lower incidence of aGVHD 2-4 (23.1% vs. 55.2% at 100
days, p=0.005). Among patients receiving ATG, the TCD group exhibited a lower incidence
of chronic GVHD compared to the unmodified group (p=0.100, 3 year estimates 17.9% vs.
32.3%).

Use of Tyrosine Kinase Inhibitors (TKIs)

TKIs were administered to a subset of patients with Philadelphia chromosome positive (Ph
+) ALL at both centers. At MDACC 13 patients out of 46 Ph+ patients (28.3%) received
TKI therapy (all with imatinib) and at MSKCC 5 out of 22 patients (22.7%) received TKI
therapy (3 with imatinib, 2 with dasatinib). There was no significant difference between Ph+
patients that received TKI and those who did not receive a TKI with respect to OS, RFS,
aGVHD or cGVHD.

Prognostic Factors

In the univariate analyses shown in Table 3, age > 50 and CR status increased both the risk
of death (HR=2.08, p=0.003 and HR=1.55, p=0.034) and the risk of relapse or death
(HR=1.95, p=0.005 and HR=1.55, p=0.029). No other factor achieved statistical significance
at the 0.05 level. In a multivariate model shown in table 4, age > 50 (HR=2.41, p=0.001,
HR=2.16, p=0.003), and CR2 status (HR=2.26, p=0.002, HR=2.47, p<0.001), were
associated with an inferior OS and RFS, respectively, poor risk cytogenetics was also
associated with inferior RFS (HR=1.77, p=0.022). There was no association between graft
type and OS or RFS (HR 1.039, p=0.869 and HR=0.90, p=0.635 respectively).
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Discussion

Our results represent the first published comparison of TCD versus conventional graft
transplantation solely in ALL. A randomized, prospective study done by the Unrelated
Donor Marrow Transplantation Trial compared patients with a variety of hematologic
malignancies, TCD only achieved a 1 Log reduction and necessitated post-transplant
cyclosporinel®. Thus, our study is the largest, albeit retrospective, comparison of outcomes
of different graft sources in ALL. Overall survival was similar between the two groups.
However the cumulative incidences of relapse, grades 2-4 GVHD and cGVHD were lower
in the TCD group.

Improvements in supportive care, the use of reduced intensity conditioning and more
accurate HLA typing contribute to decreased treatment-related mortality with allogeneic
transplantation. T-cell depletion potentially represents an important advance towards further
reducing toxicity from transplantation, mainly in the form of decreased GVHD. Few reports
exist comparing outcomes for these two transplantation strategies!l: 17. We recently reported
outcomes of patients receiving TCD versus conventional grafts for AML and showed similar
findings, primarily a reduced incidence of GVHD without adversely affecting relapse or
survivalll,

There are few publications with TCD transplantation in ALL. Patel et al8 reported on long-
term outcomes of 48 patients receiving in-vivo TCD grafts with alemtuzumab for patients
with poor risk Ph- ALL in CR1. Outcomes were favorable, with OS at 5 years of 61%,
aGVHD of 27% and cGVHD at 5 years of 22%. The largest report to date of TCD
transplantation in ALL (n = 56) was recently published by Goldberg et al*, with a 2 year OS
of 39% and incidence of GVHD of 20% at 1 year, without any grade 4 GVHD reported. In
addition, a significant proportion of patients in this series had high-risk cytogenetic features.
These reports, along with our current study, add to the growing body of literature suggesting
that TCD is a safe and effective transplantation strategy.

The current study does have some limitations. The retrospective nature of the study is an
inherent limitation. The patients in each treatment group were not homogeneous and
included patients on clinical trials, which may be associated with selection bias.
Furthermore, a variety of conditioning regimens were used. Although data is missing for the
induction and consolidation therapy patients received, there is likely variation in this regard
as well. In addition, post-transplant maintenance with TKIs were variably used in both
centers for Ph+ patients, although not significantly different between the two centers.
Finally, CR was defined by the absence of blasts. Normalization of blood counts and
minimal residual disease (MRD) were not taken into account, and thus our comparison of
relapse rates between the two transplant approaches may be limited.

Our study also challenges the applicability of findings from recent studies showing that
PBSCT is associated with higher rates of GVHD when compared to bone marrow after
ablative conditioning®. In our study, patients at MSKCC almost exclusively received PBSC
(88.5%), compared to MDACC where 34.8% of patients received BM. However, the rates of
GVHD at MSKCC were significantly lower. It is likely that the protective benefit of TCD
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with respect to the occurrence of GVHD outweighs the benefit for BM as a graft source. A
recent CIBMTR study evaluated the outcomes of patients with ALL receiving cord blood
(CB), PBSC and BM grafts20. Similar rates of aGVHD were seen in patients receiving
PBSC and BM grafts, with lower rates in the CB group, and similar rates of cGVHD
regardless of graft source. In addition to demonstrating comparable outcomes in the CB
group compared to the PBSC and BM groups, this study suggests that all three graft sources
are acceptable for patients with ALL.

In addition to more patients receiving PBSCT, patients in the TCD group were significantly
more likely to receive a mismatched graft (30.8% vs. 0.9%). Despite this, GVHD rates were
significantly lower in the TCD group. This result is in line with prior reports; in the study by
Bayraktarll et al 23% of TCD recipients vs. 8% of unconventional graft recipients received
mismatched grafts and rates of GVHD were significantly lower in the TCD group. This
suggests that less stringent HLA matching may be acceptable in TCD recipients.

In our study, patients receiving TCD grafts experienced lower relapse and incidence of
GVHD, with similar OS between both groups. This suggests that other factors, such as
infection, may be responsible for the added mortality in the TCD group. Although there was
no statistically significant difference in the incidence of death due to infection, the numbers
may be too small to conclusively determine this. Another possible explanation for similar
OS seen in both groups is that although the rates of aGVHD were significantly different in
both groups, the rates of grades 3-4 aGVHD were similar in both graft groups. To further
understand the difference in relapse incidence, analysis were conducted separately for CR1
and CR2, and although relapse incidence remained lower in the TCD group, the numbers in
the subset were small and did not reach statistical significance.

The similar outcomes in both T-cell replete and TCD groups further supports a limited role
for graft versus leukemia (GVL) effect in ALL2L 22 syggesting that other mechanisms may
explain the benefits of HCT for ALL.

In summary, TCD and unmodified grafts offer similar overall and relapse free survival rates,
but TCD grafts are associated with significantly lower incidence of GVHD. A future
prospective randomized study is being planned to compare these different transplant
approaches.
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Figure 1.
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Table 1
Patient Characteristics
Characteristics TCD (N=52) Unmodified (N=115) p-value
Followup - survivors (months)* 38.9 (20.5-97.4) 47.9 (6.0,126.1) -
Age (years)* 40.4 (18.0-67.2) 34.0 (18.0,64.0) 0.176
>50 Years 13 (25.0) 18 (15.7) 0.221
Sex = Female 18 (34.6) 48 (41.7) 0.483
Timeto CR1 (days)* 38.5(7,180) 30 (14,210) 0.047
Timefrom CR1 (days) to HCT” (CR1 patients only) 109.0 (15.0,288.0) 101.0 (16.0,570.0) 0.787
Immunophenotype 0.099
T-Cell
WBC < 50,000 3(5.8) 10 (8.7)
WBC > 50,000 3(5.8) 1(0.9)
missing 1(1.9) 1(0.9)
B-Cell 0.102
WBC < 30,000 25 (48.1) 53 (46.1)
WBC > 30,000 6 (11.5) 32(27.8)
missing 4(7.7) 18 (15.7)
Other 9(17.3) -
missing 1(1.9) -
Cytogenetic Risk 0.747
Good 1(2.0) 5(4.9)
Standard 29 (58.0) 61 (59.8)
Poor 20 (40.0) 36 (35.3)
missing 2 13
Donor Type <0.001
Matched Related 21 (40.4) 72 (62.6)
Matched Unrelated 15 (28.8) 42 (36.5)
Mismatch 16 (30.8) 1(0.9)
Stem Cell Source 0.003
Bone Marrow 6 (11.5) 40 (34.8)
Peripheral Blood 46 (88.5) 75 (65.2)
TKI1 0.849
yes 5(22.7) 13 (28.3)
no 17 (77.3) 33 (71.7)
CR Status
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Characteristics TCD (N=52) Unmodified (N=115) p-value
1st 36 (69.2) 60 (52.2) 0.058
2nd 16 (30.8) 55 (47.8)
ATG <0.001
yes 39 (75.0) 29 (25.2)
no 13 (25.0) 86 (74.8)
TBI <0.001
yes 47 (90.4) 62 (53.9)
no 5(9.6) 53 (46.1)

Median(range)

1 R, L
Counts (percents) based on total po ssible individuals rec eiving TKI

Numeric variables tested via Wilcoxon Signed-Ranked Test
Categorical variables tested via Pearson's Chi-squared or Fisher's Exact Tests (excluding missing values) where appropriate.
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Table 2
Outcomesin T-Cell Depleted and Unmodified Grafts
Outcome TCD (95% CI): N=52 Unmodified (95% CI) : N=115 p-value
Relapse-free survival 0.653
1 year 55.8 (41.3-68.0) 56.3 (46.7-64.8)
3 year 42.8 (28.8-56.1) 35.9 (26.8-45.0)
Overall survival 0.854
1 year 63.5 (48.9-74.9) 62.4 (52.8-70.5)
3 year 42.6 (28.6-56.0) 43.0 (33.3-52.4)
Relapseincidence 0.107
1 year 19.2 (9.8,31.0) 20.1(13.3-27.9)
3year 21.3(11.3,33.4) 35.5 (26.5-44.6)
Non-relapse mortality 0.368
100 day 15.4 (7.1-26.5) 9.6 (5.1-15.8)
1 year 25.0 (14.2-37.4) 23.6 (16.3-31.8)
3 year 35.9 (22.6-49.4) 28.6 (20.5-37.3)
Acute GVHD (grade 2-4) 0.001
100 day 17.3 (8.5-28.8) 42.6 (33.4-51.5)
Acute GVHD (grade 3-4) 0.164
100 day 7.7 (2.4,17.0) 15.7 (9.7,22.9)
Chronic GVHD 0.006

3year

13.5 (5.8-24.3)

33.4(24.9-42.2)
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Univariate Analyses of risk factorsassociated with relapse-free survival (RFS) and overall

Table 3
survival (0S)
RFS HR (95% Cl) p-value OS,HR (95% Cl) p-value
Age 0.005 0.003
< 50 years reference Reference
> 50 years 1.946 (1.228,3.085) 2.084 (1.290,3.366)
Gender 0.747 0.775
Male reference Reference
Female 0.937 (0.628,1.396) 0.942 (0.623,1.423)
Immunophenotype 0.179 0.280
T-Cell reference Reference
B-Cell 1.349 (0.701,2.596) 1.212 (0.628,2.339)
Other 0.505 (0.139,1.834) 0.495 (0.136,1.800)
Cytogenetic Risk 0.191 0.568
Good or Sandard reference Reference
Poor 1.325 (0.869,2.022) 1.134 (0.737,1.745)
Statusat HSCT 0.029 0.034
CR1 reference Reference
CR2 1.547 (1.047,2.287) 1.546 (1.033,2.313)
Donor type 0.768 0.630
Matched related reference Reference
Matched unrelated 0.899 (0.585,1.381) 0.967 (0.622,1.503)
Mismatch 1.144 (0.600,2.183) 1.339 (0.698,2.567)
Stem Cell Source 0.381 0.387
Bone marrow reference Reference
Peripheral blood 1.224 (0.778,1.925) 1.228 (0.771,1.956)
Graft type 0.654 0.853
Unmodified reference Reference
TCD 0.906 (0.589,1.395) 1.042 (0.673,1.613)
TBI
no reference 0.281 reference 0.725
yes 0.800 (0.533,1.201) 0.926 (0.603,1.423)
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Table 4
Multivariate analysis of risk factors associated with relapse-free survival (RFS) and
overall survival (OS)
RFS HR (95% Cl) p-value OS,HR (95% Cl) p-value

Age 0.003 0.001
< 50 years reference reference
> 50 years 2.158 (1.296,3.595) 2.414 (1.409,4.137)
Cytogenetic Risk 0.022 0.178
Good/standard reference reference
Poor 1.771 (1.085,2.892) 1.409 (0.856,2.318)
Graft Type 0.635 0.869
Unmodified reference reference
TCD 0.897 (0.573,1.405) 1.039 (0.658,1.643)
CR status <0.001 0.002
1 reference reference
2 2.468 (1.514,4.023) 2.257 (1.359,3.748)
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