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Allogeneic hematopoietic stem cell transplantation (allo-SCT) remains the best curative option for the majority of patients with
hematologic malignancies (HM); however, many elderly patients are excluded from transplant and outcome data in this population
is still limited. The novel two-step graft engineering approach has been the main platform for allo-SCT at Thomas Jefferson
University since 2006. Following administration of the preparative regimen, we infuse donor lymphocytes, followed by
cyclophosphamide to induce bidirectional tolerance, then infusion of CD34-selected cells. A total of 76 patients ≥ 65 years old with
HM underwent haploidentical (haplo) allo-SCT on the two-step transplant platform between 2007 and 2021. The median time to
neutrophil engraftment was 11 days and platelet engraftment was 18 days. With a median follow up of 44 months, the 3-year
overall survival (OS) and progression-free survival (PFS) were 36.3% and 35.6%, respectively. The cumulative incidences of non-
relapse mortality (NRM) and relapse at 3 years were 43.5% and 21.0% at 3 years, respectively. The cumulative incidence of grade III-
IV acute graft-versus-host-disease (GVHD) was 11.1% at 6 months, and chronic GVHD requiring treatment was 15.1% at 2 years. The
two-step haplo allo-SCT is a novel alternative platform for high-risk older HM patients, achieving fast engraftment, low relapse rates
and promising survival.
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INTRODUCTION
Older patients are disproportionally affected by HM and are more
likely to have worse outcomes due to adverse disease biology,
poor performance status, and existing medical comorbidities.
Allogenic hematopoietic stem cell transplantation remains the
only curative option and offers the most potential for long-term
disease control for many HM. Historically, many older patients
were not offered allo-SCT due to concern for increased NRM,
higher rates of relapse, and worse OS [1–3]. The development of
reduced intensity (RIC) and nonmyeloablative (NMA) conditioning
regimens [4, 5], expansion of donor availability via use of
unrelated donor (URD) and haplo donors [6], and improved
supportive care have allowed the extension of allo-SCT to older
patients. This is reflected by an upward trend of allo-SCT in older
adults in recent years, with 26% of procedures performed in
patients aged 65 and older in 2019 as reported to the Center for
International Blood and Marrow Transplant Research (CIBMTR), up
from 2% in 2000 [7].
Despite the availability of more effective and tolerable

treatment modalities, a recent study found more than one-half
of patients with acute myeloid leukemia (AML) age ≥66 years in
the United States do not receive any antileukemic therapy [8], and
only about 6% of newly diagnosed AML patients aged 60-75
undergo allo-SCT [9]. Several studies have investigated the use of
allo-SCT in older adults and reported comparable outcomes with

those reported in younger patients with similarly advanced
disease [10–14]. A CIBMTR analysis in older patients with AML in
first complete remission or myelodysplastic syndrome (MDS)
undergoing RIC allo-SCT compared outcomes in those aged 40 to
54 versus ≥65 years and found no significant differences in relapse
or OS [14]. Given the recent advances in the treatment of HM in
general and in allo-SCT in particular, additional studies in older
patients undergoing allo-SCT in the modern era are urgently
needed.
The two-step approach separates the lymphoid and myeloid

portions of the graft to avoid the exposure of CD34 positive cells
to cyclophosphamide (CY) and to allow a fixed T cell dosing to
improve consistency in outcome comparisons. After condition-
ing, a fixed dose of donors’ lymphocytes is infused (DLI - first
step), followed by infusion of CY for bidirectional lymphocyte
toleration. Selected CD34 positive cells are infused one day after
the completion of CY (CD34 - second step) [15]. The two-step
approach to allo-SCT was initially developed at our institution for
patients with haplo donors and has been extended to matched
related donors (MRD) [16]. It has been associated with early
blood count recovery, robust immune reconstitution, and
excellent outcomes in over 400 transplant procedures performed
to date. Here we report the clinical outcomes of patients ≥65
years old who received haplo allo-SCT using the two-step
approach.
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METHODS
The two-step protocol
Patients received either myeloablative (MAC: 12 Gy total body irradiation
[TBI]), or reduced intensity conditioning (RIC: fludarabine 30mg/m2 for
3 doses and 4 Gy TBI or fludarabine 30mg/m2 for 4 doses, busulfan
3.2 mg/kg for 2 doses or thiotepa 5 mg/kg for 3 doses, and 2 Gy TBI). After
conditioning, patients were infused with a fixed dose of 2 × 108/kg of
donor CD3+ T cells (step 1). Two days later, CY (60 mg/kg/day) was given
on day -3 and -2 to deplete alloreactive cells and establish tolerance
induction [17]. Tacrolimus and mycophenolate mofetil (MMF) were started
on day -1 for GVHD prophylaxis. CD34 selected donor stem cells were
infused 24 h after the completion of CY on day 0 (step 2). All patients
received GM-CSF 250mcg/m2/day from day+ 1 until neutrophil engraft-
ment. MMF was discontinued on day 28, and tacrolimus was tapered from
day 60 in the absence of GVHD.
All patients received prophylaxis against viral, fungal, and encapsulated

organisms. Patients were started on Bactrim DS 1 tab 3 times per week,
Fluconazole 400 mg PO daily, and Valacyclovir 500 mg PO every 12 h on
admission. Upon Posaconazole approval, Fluconazole was switched to
Posaconazole 300 mg PO daily after infusion of cyclophosphamide on D-1
(since Posaconazole can block the conversion of cyclophosphamide to its
active metabolite 4-hydroxycyclophosphamide). Patients were dis-
charged on Posaconazole 300 mg PO daily, Valacyclovir 500 mg PO every
12 h, and Bactrim DS 1 tab once daily. Recent patients who were
seropositive for CMV or received CMV positive grafts were placed on
Letermovir 480 mg PO daily starting on D+ 7 and discontinued on
D+ 100 if weekly CMV PCR remains negative. The treatment schema is
shown in Fig. 1.

Study design and patient population
All two-step haplo allo-SCT protocols were approved by Thomas Jefferson
University institutional review board before study initiation. Informed
consents were obtained from all patients before enrollment. The study was
conducted in accordance with the
Declaration of Helsinki. A total of 76 patients aged 65 and older with HM

underwent 2-step haplo allo-SCT at Thomas Jefferson Hospital between
April 2007 and June 2021. All patients were treated on one of eight two-
step clinical trials. All of these trials have the same two-step framework, DLI
dose, and GVHD prophylaxis, but differ in conditioning intensity.
Supplementary Table 1 contains NCT registration number, conditioning
regimen, and eligibility criteria for each of these trials.

Definitions and outcomes
Neutrophil engraftment was defined as an absolute neutrophil count (ANC)
≥ 0.5 × 109/L for at least 3 consecutive days after from the date of stem cell
infusion. Platelet engraftment was defined as platelet ≥ 20 × 109/L without
platelet transfusion in the preceding 7 days. Acute GVHD (aGVHD) was
assessed by the Glucksberg grading criteria [18]. Chronic GVHD (cGVHD) was
assessed by the National Institutes of Health consensus criteria for GVHD [19].
NRM was defined as death without disease relapse or progression.

Progression free survival (PFS) was defined as the time from transplant
until relapse, disease progression or death from any cause, whichever

came first. Overall survival (OS) was defined as the time from transplant
until death. Patients alive without evidence of disease relapse were
censored at last follow-up. Disease risk, as calculated by the CIBMTR
disease risk index (CIBMTR-DRI), was developed in 2014 and incorporates
disease-related parameters developed for the primary outcome of overall
survival after HCT [20]. Medical co-morbidities were calculated by the
hematopoietic cell transplantation comorbidity index (HCT-CI) [21]. The
HCT-CI, originally developed by Sorror et al. in 2005, is a measurement of
comorbidity, and has been shown to predict survival and NRM after allo-
SCT [21, 22].

Statistical analysis
Patients were followed from the date of transplant until death or end of
follow up (July 13, 2021). Descriptive statistics were summarized, and
categorical variables were presented as percentages. Median value and
range were used for continuous variables with non-normal distribution.
Both PFS and OS were calculated using the Kaplan-Meier method and the
log-rank test was used to calculate statistical difference in OS with respect
to selected characteristics. Probabilities of NRM, relapse rate, and GVHD
were calculated using cumulative incidence estimates to accommodate
competing risks.
Univariable and multivariable Cox regression analyses were used to

calculate hazard ratio (HR). For univariate analysis, age (< 70 and ≥ 70
years), sex (male and female), disease type (AML/acute lymphoblastic
leukemia [ALL], MDS/myeloproliferative neoplasms [MPN], non-Hodgkin
lymphoma/chronic lymphocytic leukemia [NHL/CLL]), remission status (any
complete remission [CR], not in CR, MDS/MPN), performance status
(90–100% and 70–80%), HCT-CI (0–2 and ≥ 3), CIBMTR-DRI score (low/
intermediate risk and high/very high risk), conditioning regimen (MAC and
RIC), CMV serological status, donor age (< 45 and 45+ ), and transplant
year (2007–2014 and 2015–2021) were analyzed. Multivariate Cox
proportional hazard regression analysis was used to investigate the
independent association between OS and PFS with covariates, using
gender, age, disease type, remission status at transplant, HCT-CI, and DRI
score as selected based on results of univariate analysis.
All statistical analyses were made using R version 4.1.1. A P-value

of < 0.05 was considered to be statistically significant.

RESULTS
Patient characteristics
From April 2007 to June 2021, a total of 76 patients aged ≥ 65
years old with HM underwent peripheral blood haplo allo-SCT
using the two-step approach at the Thomas Jefferson Hospital.
Median age of all patients at transplantation was 69 years (range
65–78 years), with 31 patients (41%) ≥ 70 years old; 70% of
patients were males. Detailed patient and donor characteristics
are described in Table 1.
AML and MDS constituted most of the primary diseases, 47%

and 26%, respectively. Almost all AML patients (97%) had
intermediate or adverse risk cytogenetics according to ELN-2017
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Fig. 1 Schema for the 2-step approach allogeneic stem cell transplantation. In the myeloablative group (MA), recipients received total body
irradiation (TBI) from day -10 to day -8 with total dose of 12 Gy. For the reduced intensity (RIC) group: RIC1 received fludarabine (Flu) 30mg/
m2 for 4 doses, busulfan (Bu) 3.2 mg/kg for 2 doses or thiotepa 5mg/kg for 3 doses, and 2 Gy TBI; RIC2 received Flu 30mg/m2 for 3 doses and
4 Gy TBI. Then donor lymphocyte infusion (DLI) which contains 2 × 108 CD3+ cells/kg was performed on day -6 after TBI. On day -3 and -2,
recipients received cyclophosphamide (CY) 60mg/kg/day. Tacrolimus (Tacro) and mycophenolate mofetil (MMF) were started on day -1. On
day 0, CD34+ stem cells were infused, and growth factor (GF) was started on day+ 1.
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risk stratification [23], and 65% of MDS patients were classified as
high or very high risk according to revised International Prognostic
Scoring System (IPSS-R) [24] (Supplementary Table 2). At the time
of transplant, 24 (32%) were in first complete remission (CR1), 8
(11%) were in CR2 or more, and 44 patients (58%) were not in any
CR. See Supplementary Table 3 for disease-specific CIBMTR
response criteria for patients not in CR at the time of transplant
[23, 25–27].
Twenty-two patients (29%) had HCT-CI ≥ 4; 34 patients (45%)

had DRI intermediate risk disease, and 38 (50%) had high or very
high-risk disease. Karnofsky performance status was 90–100% for
60 patients (79%). Most patients received RIC (86%). Four patients
had received a second transplant, with 3 patients previously
received an autologous transplant, and 1 patient previously
received an allogeneic transplant.
All patients received haplo allo-SCT from their children, and

patients with MRD were excluded. Median donor age was 41
years, with 66% less than 45 years. The median duration of
inpatient stay for all patients was 33 days (range 14–104 days). The
median CD34 cell dose infused was 7.08 × 108 CD 34+ cells (range
1.40–15.00 × 108 CD 34+ cells).

Engraftment
Successful engraftment was seen in all evaluable patients (3
patients died before engraftment). Neutrophils engrafted at a
median of 11 days (range from 9 to 15 days) and platelets
engrafted at a median of 18 days (range from 12 to 124 days). Two
patients had secondary graft failure, both of whom had MDS; one
patient died from transplant-related toxicity on D+ 89, and the
other patient died from CMV reactivation on D+ 107.

Graft-versus-host disease
The cumulative incidence of grade II-IV aGVHD at 6 months was
39.5% (Fig. 2) and this remained the same at the 1-year timepoint.
The cumulative incidence of grade III-IV aGVHD at 6 months was
11.1%. The majority of aGVHD involved the skin only (21 out of 27
patients, 78%), 10 patients had GI aGVHD and 3 patients had liver
aGVHD. Four patients (5%) died from complications from acute
GVHD, including 3 patients with skin and gut involvement, and 1
patient with skin and liver involvement.
The cumulative incidence of cGVHD of any grade was 16.0% at

1 year and 19.4% at 2 years (Fig. 2). The cumulative incidence of
cGVHD requiring treatment was 15.1% at 2 years, and the
cumulative incidence of moderate or severe cGVHD was 5.7%.
Severe cGVHD (score 3) affected 3 out of 6 patients, with liver,
ocular, and upper GI involvement, respectively. There was no
death attributable to chronic GVHD.

Non-relapse mortality and relapse
The cumulative incidence of NRM and relapse was 35.2% and
12.6% at 1 year, 41.6% and 21.0% at 2 years, and 43.5% and
21.0% at 3 years, respectively (Fig. 3). Notably, no patient
experienced relapse after year two with a median follow-up of
44 months. The median time to relapse was 230 days post-
transplant (range 42–658 days). All patients who relapsed were
in CR at one-month post-transplant and achieved > 99% donor
chimerism (Supplementary Table 4). The main causes of death
were infection (16 of 47 deaths), followed by relapsed disease
(14 of 47 deaths), followed by toxicity from treatment regi-
men (10 of 47 deaths). For infection-related deaths, 3 were
bacterial infections (Pneumocystis pneumonia, Pseudomonas
bacteremia, E coli bacteremia), 9 were viral infections (CMV
reactivation, HHV-6, COVID-19 infection, rhinovirus), 1 was
fungal infection, and 3 were combined bacterial and viral
infections.

Table 1. Patient, disease and donor characteristics.

Characteristics All patients (n= 76)

Age at HCT No (%)

< 70 years 45 (59)

≥ 70 years 31 (41)

Male sex 53 (70)

Race

Caucasian 62 (82)

African American 9 (12)

Asian 2 (3)

Hispanic 3 (4)

Diagnosis

AML 36 (47)

ALL 3 (4)

MDS 20 (26)

CMML 1 (1)

MPD 4 (5)

CLL 3 (4)

Follicular 4 (5)

Mantle cell 2 (3)

WM 1 (1)

DLBCL 1 (1)

Biphenotypic leukemia 1 (1)

Remission status

CR1 24 (32)

CR >= 2 8 (11)

Not in CR 44 (58)

HCT-CI

0 12 (16)

1 5 (7)

2 19 (25)

3 18 (24)

>= 4 22 (29)

DRI score

Low 4 (5)

Intermediate 34 (45)

High 36 (47)

Very high 2 (3)

Performance status

90–100% 60 (79)

70–80% 16 (21)

Conditioning regimen

MA 11 (14)

RIC 65 (86)

CMV status, recipient/donor

recipient+ /donor+ 18 (24)

recipient+ /donor- 30 (40)

recipient-/donor+ 10 (13)

recipient-/donor- 18 (24)

Donor age (median, range) 41 (22–70)

Donor age 45 or above 26 (34)

Donor age 44 or below 50 (66)

HCT Hematopoietic stem cell transplant, No (%) Number (percentage), AML
Acute myeloid leukemia, ALL Acute lymphocytic leukemia, MDS Myelodys-
plastic syndrome, CMML Chronic myelomonocytic leukemia, MPD Myelo-
proliferative disease, DLBCL Diffuse large B-cell lymphoma, CLL Chronic
lymphocytic leukemia, WM Waldenstrom macroglobulinemia, CR1 First
complete remission, CR >= 2 Any complete remission except CR1, HCT-CI
Hematopoietic cell transplantation-specific comorbidity index, DRI Disease
risk index, MA Myeloablative, RIC Reduced intensity conditioning, CMV
Cytomegalovirus infection.
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Survival outcomes
With a median follow-up of 44 months (range 1–164 months)
among live patients, the 1-year OS was 52.2% [95% CI (41.9–65.1)]
and the 3-year OS was 36.3% [95% CI (26.3–49.9)] (Fig. 4). The
1-year PFS was 51.1% [95% CI (40.8–63.9)] and the 3-year PFS was
35.6% [95% CI (25.7–49.3)] (Fig. 4).
Patients transplanted for a diagnosis of NHL/CLL had an estimated

OS of 63.6% [95% CI (40.7–99.5)] and 54.5% [95% CI (31.8–93.6)] at 1
and 3 years, respectively, whereas patients transplanted for acute
leukemia, MDS or myeloproliferative neoplasm (MPN) had an
estimated OS of 50.1% and 31.9% at 1 and 3 years, respectively
(Fig. 5). Patients transplanted for acute leukemia who were in
remission at the time of transplant had an estimated OS of 60.0% at 1
year, compared to 38.5% for those in primary induction failure (PIF)
or relapse, and 45.5% for patients transplanted for MDS/MPN.

Univariate analysis of OS
Survival outcomes for unadjusted associations of gender,
diagnosis, remission status at transplant, performance status,

HCT-CI, DRI score, intensity of conditioning regimen, CMV status,
donor age, and transplant year for the entire patient population,
older (age ≥ 70 years) and younger (age <70 years) cohorts are
shown in Table 2. The following variables were associated with
an inferior OS for the entire population: HCT-CI (0–2 vs 3+ ,
median OS 5.80 vs 0.67 years, P= 0.008), and DRI score (low/
intermediate risk vs high/very high risk, median OS 2.15 vs 0.94
years, P= 0.046). Other variables including age, sex, diagnosis,
intensity of conditioning regimen, performance status, CMV
status, and donor age did not have an impact on outcome
parameters (Fig. 5).
After stratification for age, HCT-CI 0-2 and low/intermediate DRI

score continued to have statistically longer survival in patients
aged 65-69. AML/ALL patients in CR at the time of transplant had
longer survival [median OS not reached (NR), 95% CI (0.81-NR)]
compared to AML/ALL patients not in CR and patients with MDS/
MPN [median OS 0.42 years, 95% CI (0.06-NR); 1.00 year, 95% CI
(0.51-NR); P= 0.01]; however, this difference was not observed in
patients ≥70 years old (P= 0.48). In contrast, recipient+ /donor +
CMV status was significantly associated with higher OS in the
older group only (median OS NR, P= 0.05).

Multivariate analysis of OS and PFS
Multivariate analysis adjusting for gender, age, disease, remission
status at transplant, performance status, HCT-CI, DRI score,
intensity of conditioning regimen, CMV status, donor age, and
transplant year as covariates is depicted in Forrest plot (Fig. 6).
Having an HCT-CI of 3 or more at the time of transplant was an
independent adverse prognostic factor for death [HR= 3.10, 95%
CI (1.38–6.97), P= 0.006], and the Flu/4 Gy TBI RIC regimen was an
independent favorable prognostic factor for survival [HR= 0.093,
95% CI (0.02–0.43), P= 0.002], both of which were true for PFS as
well. An independent influence on OS and PFS was not detected
for any of the other variables.

DISCUSSION
Patients ≥ 65 years old are often excluded from allo-SCT, due to
perceived high treatment-related mortality and risk of relapse,
multiple medical comorbidities, adverse disease biology with
underlying treatment resistance, and provider and patient
reluctance for such therapy [28–30]. The use of less intensive
conditioning regimens and contemporary transplant modalities
have allowed an increasing number of elderly patients to access
this treatment modality, although the outcomes remain
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suboptimal. Most elderly patients do not have suitable MRD,
leaving only haplo and unrelated donors as potential graft
options. Since prospective studies that evaluate haplo allo-SCT
in the elderly are limited with most studies only include up to
5–10% of mismatched related grafts, we aimed to evaluate the
clinical outcomes of patients aged 65 and above who under-
went the novel two-step haplo allo-SCT for HM at our
institution.
Our study included 76 patients with 41% ≥ 70 years old, with

a 3-year OS and PFS of 36.3% and 35.6%, respectively. As
expected, AML/ALL patients in CR at the time of transplant had
a superior 3-year OS (45%) compared to patients with
active disease, but even PIF and relapsed AML patients
benefited from transplant, with 31% surviving at 3 years after
transplantation.
With a long follow up of median 44 months, our survival

outcomes for haplo allo-SCT are comparable to prior published
results in similar age group with HLA matched stem cell grafts
[10, 11, 13, 31]. A retrospective analysis of patients aged 60 and
older with AML and MDS transplanted between 1999 and 2014
where 82% received well matched grafts showed a three-year
PFS and OS of 32% and 35%, respectively [11]. Similar results
were found in a CIBMTR analysis, where patients aged 70 and
older with HM had improved transplant outcomes over time,
with a two-year PFS and OS of 32% and 39% in patients
transplanted between 2008 and 2013 compared to 22% and
26% in patients transplanted between 2000-2007 [10]. In this
study, 74% patients received HLA matched grafts, and only 7%
received mismatched related grafts. Disease status and disease-
specific risk factors at the time of transplant, performance
status, and the presence of other medical comorbidities have
been shown to be independent adverse factors for overall
survival.
The cumulative incidence of NRM was high (43% at 3 years) in

our cohort, with opportunistic infections accounting for the
majority of deaths. However, the 1-year and 3-year NRM for
patients transplanted between 2015-2021 were 29% and 37%,
respectively, which is notably in line or better than previously
reported studies, where 2-year NRM have ranged from 33% to
45% [10, 11, 14, 31]. This is likely a reflection of our center’s
experience and improved supportive care (i.e. Posaconazole and
Letermovir) in recent years. Additionally, the cumulative incidence
of relapse was remarkably low at 21% at 3 years, despite the fact
that 58% were not in a CR at the time of transplant, and 86% had

received RIC. A recent CIBMTR analysis by Muffly et al reported a
2-year relapse rate of 37% among patients ≥ 70 years who
underwent allo-SCT, with similar HCT-CI distribution as our
cohorts, although 66% of patients had missing DRI score and
19% had unknown disease status at transplant [10]. Other
published studies have reported relapse rates ranging from 40
to 60% at 3 years in elderly patients undergoing haplo allo-SCT
using posttransplant CY [31–34].
We evaluated multiple prognostic factors that might predict

better survival in our study. Age was not found to be a
predictive factor for survival in the entire cohort and with
respect to each covariate. Patients transplanted for NHL/CLL
and AML patients in CR at the time of transplant were found to
have an impact on outcome parameters in the younger cohort,
but not in patients aged 70 years or greater. Studies regarding
the impact of donor age and CMV serostatus on transplant
survival in the literature have been conflicting. One large study
looking at more than 10,000 donors showed a survival benefit in
recipients with young donors, but no difference in terms of CMV
serostatus [35], while another study done by the European
Group for Blood and Marrow Transplantation (EBMT) showed a
negative prognostic effect of CMV seropositivity of the donor
and/or the recipient on OS, PFS and NRM in patients with AML
and ALL [36]. Further reports suggest early CMV replication after
allo-SCT substantially reduced relapse risk in AML patients
secondary to a putative virus-versus-leukemia effect [37, 38]. In
our study, CMV serological status had a prognostic impact on
survival in the cohort older than 70 years only, with CMV
seropositive patients receiving seropositive grafts having the
best survival. Donor age did not have an impact on survival in
our study.
Previously, various transplant-specific risk models have been

used to predict transplant outcomes of patients undergoing allo-
SCT. The HCT-CI and DRI have been shown to convey prognostic
information on survival after transplant in some but not all
studies [10, 11, 31]. We evaluated performance status, HCT-CI, and
DRI score on outcome parameters in our study. We found both
HCT-CI and DRI score to have an impact on survival in univariate
analysis. After stratification for age, only patients < 70 years
retained this prognostic impact. In contrast, performance status
did not have an impact on survival, which may be due to it being
a subjective measurement of one’s fitness, as opposed to HCT-CI
and DRI which incorporate objective measures of organ function,
disease type, and disease status at the time of transplant as
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factors influencing transplant survival. This suggests that HCT-CI
and DRI may be more accurate determinants of survival than the
subjective performance status and is likely more predictive of
better survival in patients < 70 years old. A comprehensive
geriatric assessment is currently being implemented in our
program [39].
Our two-step approach to haplo allo-SCT allows for the

administration of a fixed dose of T cells and prevents exposure
of donor stem cells to the effects of CY. This was reflected in our
study where all evaluable patients achieved rapid neutrophil and
platelet engraftment at a median of 11 and 18 days, respectively.
This is superior to other studies of haplo allo-SCT, where the
neutrophils and platelets engrafted at a median of 17-18 and 22-
37 days, respectively [40, 41]. Consequently, our patients generally
experienced shorter duration of cytopenia, which may decrease
risk of hospital-acquired infections, minimize transfusions, and
reduce costs associated with hospitalization.
Limitations of the study include relatively small number of

patients without a control group, and single institutional

experience. Nevertheless, all patients were enrolled on pro-
spective clinical trials ensuring the homogeneity of study
treatment and supportive care. Additionally, this is the first
report that evaluates outcomes of haplo allo-SCT in a cohort of
patients aged 65 or greater using the two-step transplant
approach.

CONCLUSION
Our study suggests that allo-SCT in elderly patients is tolerable
and should be considered in eligible patients. The haploidentical
two-step approach is a novel alternative platform for high risk HM
patients, resulting in fast engraftment and low rates of disease
relapse. Taken together, our results appear encouraging and
suggest that select older patients can achieve promising disease
control and long-term survival after allo-SCT. Further refinements
of the two-step transplant protocol and better identification of
suitable candidates are ongoing to decrease complication rates
and improve transplant outcomes.
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