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Abstract

The maximum age of patients receiving allogeneic hematopoietic stem cell transplantation 

(alloHCT) has been moving up over time. However, the availability of a suitable HLA-matched 

sibling donor may limit access of this patient population to alloHCT. We retrospectively 

investigated the outcomes of umbilical cord blood transplantation (UCBT) after reduced-intensity 

conditioning regimens in patients aged ≥70 years with myelodysplastic syndrome (MDS) and 

acute myelogenous leukemia (AML) between 2010 and 2014. During this period 70 patients with 

AML/MDS were referred to our center for alloHCT consideration. Twenty-two patients (33%) 

received alloHCT: 10 UCBT, 9 HLA full-matched sibling donor transplantation, 2 haploidentical 

alloHCT, and 1 unrelated donor alloHCT. In UCBT, cumulative incidences of nonrelapse 

mortality and relapse were 20% and 30% at 2 years, respectively. The cumulative incidence of 

acute graft-versus-host disease (GVHD) at day +100 and chronic GVHD at 2 years was 10%. 

Seven patients had viral reactivation/infections. Rates of overall survival and disease-free survival 

were 60% and 50% at 2 years, respectively. Moreover, these outcomes seemed to be similar to that 

of patients aged 60 to 69 years receiving UCBT (n = 60) and patients aged ≥70 years receiving 

HLA full-matched sibling donor transplantation (n = 9). These results suggest that UCBT is 

feasible in selected AML/MDS patients aged ≥70 years. In fact, UCBT shortens the required time 

for an unrelated donor search and thus increases the chance of proceeding with alloHCT, which 

might contribute to higher rates of alloHCT in the referral group. Outcomes of UCBT are 

promising; however, larger studies with a longer follow-up are needed.
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Introduction

AML and MDS are more frequent in older patients, and elderly patients have poor survival 

compared to younger patients.1 Old AML patients who are treated may have better 

outcomes;1 however even in patients who achieve complete remission, their overall survival 

(OS) can still be poor.2 Allogeneic hematopoietic cell transplant (alloHCT) may improve 

outcomes in older patients with AML and MDS in CR.3-5 However, traditionally-set age 

limits, increased risk of non-relapse mortality (NRM) with myeloablative (MA) conditioning 

regimen and less frequent availability of a suitable HLA-matched sibling or unrelated donor 

may preclude this treatment option from the elderly population.

A study from the Center for International Blood & Marrow Transplant Research (CIBMTR) 

suggested that older patients (≥60 years) with AML/MDS had similar NRM and OS than 

younger age groups.6 Moreover, a recent study showed that alloHCT from matched sibling 

donor (MSD) or unrelated donors (URD) is feasible and reasonably safe in a selected very 

old (≥70 years) population.7 We have previously reported the feasibility of UCB as an 

alternative donor source using RIC in patients aged 55-70.8 In this current study, we 

evaluated our experience with the outcomes of UCB in AML/MDS patients≥ 70 years, 

focusing on early NRM. We looked at GVHD/relapse free survival (GRFS) and the survival 

out of hospital (ie, days alive and out of hospital, DAOH) as surrogate markers for quality of 

life.

Pateints and Methods

We searched the bone marrow transplantation database to identify patients aged 70 years 

who received UCBT for AML and MDS between January 1, 2010 and December 31, 2014 

at the University of Minnesota. Moreover, to compare the outcomes of these patients, we 

also collected data on AML/MDS patients aged 60 to 69 years receiving UCBT and 

AML/MDS patients aged 70 years receiving HLA full MSD transplantation. To understand 

better the selection/screening process of these patients, all patients aged 70 years referred to 

our center for alloHCT consideration were evaluated in this period. Patients between ages 55 

and 75 years were eligible for RIC alloHCT if the following criteria were fulfilled: blast 

counts < 5% and no morphologic evidence of AML, < 3, corrected carbon monoxide 

diffusing capacity 40% of predicted, left ventricular ejection fraction 35%, creatinine < 2 

mg/dL or creatinine clearance 40 mL/min, serum total bilirubin < 2.5 mg/dL, and alanine 

and aspartate aminotransferases and alkaline phosphatase < 5 times normal. Any deviation 

from the study protocol for selection process to include a patient requires an approval of 

local institutional review board after the treating transplant physician and principal 

investigator of RIC alloHCT protocols agree. Data for MSD and elderly adult patients were 

collected prospectively through our bone marrow transplant database. Patients gave consent 

and were treated according to protocols approved by the University of Minnesota 

institutional review board. The RIC regimen included cyclophosphamide (50 mg/kg i.v. on 

day 6), fludarabine (30 to 40 mg/m2 i.v. daily from days -6 through -2), and total body 

irradiation (200 cGy on day -1). Equine antithymocyte globulin (ATG) 15 mg/kg i.v. every 

12 hours for 6 doses was added for a subgroup of patients who had received no 
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chemotherapy within 3 months of alloHCT. GVHD prophylaxis included cyclosporine and 

mycophenolate mofetil or, recently, sirolimus and mycophenolate mofetil. Mycophenolate 

mofetil was discontinued on day þ30. UCBT grafts were matched at 4 to 6 of 6 HLA-A, -B 

(antigen level), and -DRB1 (allele level) to the recipient and in patients receiving 2 UCB 

units were similarly matched to each other [10]. A target dose of cryopreserved total 

nucleated cells (TNCs) for single UCBT was 2.5 × 107/kg, whereas in double UCBT each 

individual unit can have cryopreserved TNCs < 2.5 × 107 /kg, but the sum of both 

cryopreserved units is 2.5 × 107 /kg. Neutrophil engraftment was defined as an absolute 

neutrophil count > .5 × 109 /L on 3 consecutive days without granulocyte growth factor. 

Platelet engraftment was defined as a platelet count > 20 × 109 /L on 3 consecutive days 

without platelet transfusion for the previous 7 days. Statistics Cumulative incidence was 

used to estimate relapse and GVHD, treating nonevent death as a competing risk. 

Cumulative incidence was similarly used to estimate NRM, treating relapse as a competing 

risk. Kaplan-Meier curves were used to estimate the probability of survival and disease-free 

survival (DFS) through 2 years post-transplant. Analyses were performed using SAS 9.3 

(SAS Institute, Inc., Cary, NC).

Results

Patient Characteristics

Sixty-six patients aged 70 years were referred for alloHCT consideration. Twenty-four 

patients were ineligible for RIC alloHCT by the selection criteria, 10 patients declined 

alloHCT, and 10 patients died of disease progression or a complication of chemotherapy to 

meet eligibility criteria. Twenty-two patients (33%) received alloHCT: 10 UCBT, 9 HLA 

full MSD transplantation, 2 haploidentical alloHCT, and 1 URD alloHCT. Characteristics of 

UCBT and MSD transplant patients are given in Table 1. (Characteristics of patients 

between ages 60 to 70 years receiving UCBT are also given in Table 1.) Most patients had 

European LeukemiaNet [11] intermediate cytogenetics risk-1 AML (n = 6). All 3 patients 

with MDS had

Engraftment, Immune reconstitution and infections

Median time to neutrophil engraftment was 21 days (range, 13-38 days) (Table 2) in nine 

patients. One patient died before engraftment due to encephalopathy. Median time to platelet 

engraftment was 35 days. Of the eight surviving patients, six had a donor chimerism of 

≥85% at day+100. Quantitative immune reconstitution data at +100 days were available in 

five patients: the number of total and subset of T cells was decreased, but the counts of B 

cells and NK cells were within normal range (Table 2).

Seven patients had eight viral reactivations/infections (Table 2) as follow: Four CMV 

reactivations (one had CMV pneumonia), one HHV6 encephalitis, and one HHV6 viremia. 

One patient also had EBV reactivation associated with post-transplant lymphoproliferative 

disorder (PTLD) and BK virus-associated hemorrhagic cystitis. Four of these seven patients 

received ATG as a part of conditioning regimen.
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Outcomes, including GVHD, Relapse, NRM and OS

The cumulative incidence of NRM and relapse at 2 years was 20% (95% CI, 1-44%) and 

30% (95% CI, 2-58%), respectively (Figure 1). For the MSD recipients, NRM and relapse 

was 24% (95% CI, 0-52%) and 49% (95% CI, 16-65%) at 2 years. Three of four UCB 

recipients who relapsed (two had AML >CR1 at UCB transplantation and two had MDS) 

died of disease progression. Mortality occurred in two more patients, both of whom had 

>low risk HCT-CI and died of encephalopathy (one HHV6 encephalopathy and one an 

encephalopathy of unknown etiology). The probability of estimated DFS and OS in UCB 

recipients was 50% (95% CI, 18-75%) and 60% (95% CI, 25-83%) respectively at 2 years 

(Figure 2). DFS and OS at 2 years were 27% (95% CI, 4-58%) and 55% (95% CI, 14-83%) 

for MSD transplant respectively.

NRM, relapse, DFS, and OS at 2-years were 32% (95% CI, 15-49%) and 28% (95% CI, 

11-40%), 40% (95% CI, 22-58%), and 43% (95% CI, 24-61%) for the 60-64 year UCB 

transplantation group, respectively. These rates were 21% (95% CI, 6-36%) and 46% (95% 

CI, 26-66%), 33% (95% CI, 17-51%), and 42% (95% CI, 24-59%) for the 65-69 year UCB 

transplantation group, respectively.

GVHD, GRFS and DAOH

The cumulative incidence of aGVHD grade III-IV was 10% at day+100 and of extensive 

cGVHD was 10% at 2 years (Table 2). GRFS12 was 30% at 6 month and 20% at 12 months. 

Beside initial hospitalization for transplantation, three patients required re-hospitalization or 

rehabilitation stay. Within the first 180 days after UCB transplantation, the median time of 

DAOH was 145 days (range, 0-160 days). One patient developed and fully recovered from 

congestive heart failure. One patient had bilateral hip arthroplasty for femoral neck 

fractures. Four patients are in remission, off immunosuppressive medications, and followed 

every 2-4 months at the clinic. These patients continue to have normal, independent daily 

activities with a KPS of>80%.

Discussion

In this study, although it is a small cohort of UCB recipients with a shorter duration of 

follow up, we observed several important findings. First, NRM was acceptable for this 

population and was relatively similar to MSD recipients. Moreover, the outcomes of these 

patients are similar to “relatively younger” old adult patients receiving UCB or other donor 

transplantation as is shown in the study and in our prior study.8 Low HCT-CI score seems to 

be associated with improved survival. Low incidences of aGVHD and cGVHD, in part due 

to 60% of patients receiving ATG, were encouraging in comparison to UCB transplantation 

in younger populations.8, 9 Brunner et al also reported low GVHD rates in a similarly old 

population.7

Viral reactivations/infections were common in the study. Our patients had markedly 

suppressed early T-cell immunity, which most likely increased the risk for the viral 

infections. Most of these patients also received ATG in the conditioning regimens. ATG 
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use13 and UCB transplantation14 were reported to be associated with delayed T-cell 

recovery, and thus increased viral infections.13, 15

Outcomes of elder patients were similar, and perhaps were not inferior to previous studies 

that of younger adult patients receiving UCB, sibling or unrelated donor alloHCT.4,6,8,9 

Current results were further supported by our previous studies where UCB had similar 

outcomes compared to other graft sources in older patients with AML in CR.16, 17 Brunner 

et al had also reported had also reported similar survival rates in patients ≥70 years (39% at 

2 years).7 Moreover, most patients were not only alive but also spent the majority of their 

time away from hospital in the first 6 months in our study. Their survival was encouraging 

compared to poor survival of very old AML patients receiving supportive care or intensive 

therapy but no AlloHCT.1,2

These results support to the use of UCB as a plausible alternative donor source for selected 

very old patients with AML/MDS. Although this is a selected group, our selection criteria of 

≥70 years are not different from (i.e., more stringent than) the ones of younger old patients 

(55-69 years). In addition, a relatively high proportion (1/3) of the referred patients ≥70 

years actually received alloHCT. UCB may, in fact, have an advantage of shortening 

required time from an URD search and thus increases the chance of proceeding with 

alloHCT.18
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Highlights

• Umbilical cord blood (UCB) transplantation is feasible in patients with 

myelodysplastic syndrome (MDS) and acute myelogenous leukemia (AML) ≥ 

70 years.

• These outcomes seem similar to that of younger old patients (60-69 years) 

receiving UCB transplantation and patients ≥ 70 years receiving HLA full-

matched sibling donor transplantation.

• Viral reactivations/infections are common, in part due to ATG use in 

conditioning regimen

• Non-relapse mortality, acute and chronic GVHD are low

• UCB shortens required time for URD search and thus increases the chance of 

proceeding with alloHCT, which might contribute to higher rates of alloHCT 

(1/3)
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Figure 1. Relapase/NRM patients with AML/MDS after UCB transplantation
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Figure 2. DFS/OS in patients with AML/MDS after UCB transplantation
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Table 2
Outcomes of patients with MDS/AML after UCB transplantation

Patient (n) 10

Donor Chimerism at 100days <85% 2

≥85% 6

Neutrophil engraftment (days) Median and (range) 20 (13-38)

Platelet engraftment (days) Median and (range) 35 (24-64)

Immune reconstitution at day 100 CD4+ cells (normal, 441 - 2156 cells/uL) 132

CD8+ cells (normal, 125 - 1312 cells/uL) 61.5

CD3 + cells (normal,603 - 2990 cells/uL) 230

CD19 + cells (normal, 107 - 698 cells/uL) 591

CD16+56+ cells (normal, 95 - 640 cells/uL) 266.5

Infections CMV reactivation 4

HHV 6 encephalitis 1

BK Virus Cystitis 1

EBV reactivation 1

HHV6 Viremia 1

aGVHD (n) II-IV 1

III-IV 1

cGVHD (n) Extensive 1

Limited 0

Relapse (n) 4

GRFS (days) Median and (range) 110 (25-946)

DAOH in first 180 days (days) Median and (range) 145 (0-160)

Death (n) 5

Cause of Death (n) Disease progression 3

HHV6 encephalopathy 1

Encephalopathy 1
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