
Long-Term Survival and Late Effects among One-Year Survivors
of Second Allogeneic Hematopoietic Cell Transplantation for
Relapsed Acute Leukemia and Myelodysplastic Syndromes

Christine N. Duncan 1, Navneet S. Majhail 2,*, Ruta Brazauskas 3,4, ZhiweiWang 3, Jean-Yves Cahn 5,
Haydar A. Frangoul 6, Robert J. Hayashi 7, Jack W. Hsu 8, Rammurti T. Kamble 9,
Kimberly A. Kasow 10, Nandita Khera 11, Hillard M. Lazarus 12, AlisonW. Loren 13, David I. Marks 14,
Richard T. Maziarz 15, Paulette Mehta 16,17, Kasiani C. Myers 18, Maxim Norkin 8, Joseph A. Pidala 19,
David L. Porter 13, Vijay Reddy 20, Wael Saber 3, Bipin N. Savani 21, Harry C. Schouten 22,
Amir Steinberg 23, Donna A. Wall 24,25, Anne B. Warwick 26, William A. Wood 27, Lolie C. Yu 28,
David A. Jacobsohn 29, Mohamed L. Sorror 30,31

1Department of Pediatric Stem Cell Transplant, Dana-Farber Cancer Institute, Boston, Massachusetts
2Department of Hematology and Oncology, Cleveland Clinic Taussig Cancer Institute, Cleveland, Ohio
3Center of International Blood and Marrow Transplant Research, Medical College of Wisconsin, Milwaukee, Wisconsin
4Divison of Biostatistics, Institute for Health and Society, Medical College of Wisconsin, Milwaukee, Wisconsin
5Department of Hematology, University Hospital, Grenoble, France
6Division of Hematology-Oncology, Department of Pediatrics, Vanderbilt University School of Medicine, Nashville, Tennessee
7Division of Pediatric Hematology/Oncology, Department of Pediatrics, Washington University School of Medicine in St. Louis, St. Louis, Missouri
8Division of Hematology and Oncology, Department of Medicine, Shands HealthCare and University of Florida, Gainesville, Florida
9Division of Hematology and Oncology, Center for Cell and Gene Therapy, Baylor College of Medicine, Houston, Texas
10Division of Hematology-Oncology, Department of Pediatrics, University of North Carolina, Chapel Hill, North Carolina
11Department of Hematology/Oncology, Mayo Clinic, Phoenix, Arizona
12Division of Hematology and Oncology, Seidman Cancer Center, University Hospitals Case Medical Center, Cleveland, Ohio
13Division of Hematology/Oncology, Department of Medicine, Perelman School of Medicine at the University of Pennsylvania, Philadelphia, Pennsylvania
14Department of Pediatric Bone Marrow Transplant, University Hospitals Bristol NHS Trust, Bristol, United Kingdom
15Center for Hematologic Malignancies, Oregon Health and Science University, Portland, Oregon
16Central Arkansas Veterans Healthcare System, Little Rock, Arkansas
17University of Arkansas for Medical Sciences, Little Rock, Arkansas
18Division of Bone Marrow Transplant and Immune Deficiency, Department of Pediatrics, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio
19Department of Blood and Marrow Transplant, H. Lee Moffitt Cancer Center and Research Institute, Tampa, Florida
20Department of Internal Medicine, University of Central Florida, College of Medicine, Orlando, Florida
21Division of Hematology/Oncology, Department of Medicine, Vanderbilt University Medical Center, Nashville, Tennessee
22Department of Hematology, Academische Ziekenhuis, Maastricht, Netherlands
23Department of Hematology-Oncology, Mount Sinai Hospital, New York, New York
24Cellular Therapy Laboratory, CancerCare Manitoba, Winnipeg, MB, Canada
25Department of Pediatrics and Child Health and Immunology, University of Manitoba, Winnipeg, MB, Canada
26Department of Pediatrics, Uniformed Services University of the Health Sciences, Bethesda, Maryland
27Division of Hematology/Oncology, University of North Carolina, Chapel Hill, North Carolina
28Division of Hematology/Oncology, The Center for Cancer and Blood Disorders, Children’s Hospital/Louisiana State University Medical Center, New Orleans, Louisiana
29Division of Blood and Marrow Transplantation, Center for Cancer and Blood Disorders, Children’s National Health Systems, Washington, District of Columbia
30Clinical Research Division, Fred Hutchinson Cancer Research Center, Seattle, Washington
31Division of Medical Oncology, Department of Medicine, University of Washington School of Medicine, Seattle, Washington

Article history:
Received 19 August 2014
Accepted 7 October 2014

a b s t r a c t
We analyzed the outcomes of patients who survived disease-free for 1 year or more after a second allogeneic
hematopoietic cell transplantation (HCT) for relapsed acute leukemia or myelodysplastic syndromes between
1980 and 2009. A total of 1285 patients received a second allogeneic transplant after disease relapse; among
these, 325 were relapse free at 1 year after the second HCT. The median time from first to second HCT was 17
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and 24 months for children and adults, respectively. A myeloablative preparative regimen was used in the
second transplantation in 62% of children and 45% of adult patients. The overall 10-year conditional survival
rates after second transplantation in this cohort of patients who had survived disease-free for at least 1 year
was 55% in children and 39% in adults. Relapse was the leading cause of mortality (77% and 54% of deaths in
children and adults, respectively). In multivariate analyses, only disease status before second HCT was
significantly associated with higher risk for overall mortality (hazard ratio, 1.71 for patients with disease not
in complete remission before second HCT, P < .01). Chronic graft-versus-host disease (GVHD) developed in
43% and 75% of children and adults after second transplantation. Chronic GVHD was the leading cause of
nonrelapse mortality, followed by organ failure and infection. The cumulative incidence of developing at least
1 of the studied late effects within 10 years after second HCT was 63% in children and 55% in adults. The most
frequent late effects in children were growth disturbance (10-year cumulative incidence, 22%) and cataracts
(20%); in adults they were cataracts (20%) and avascular necrosis (13%). Among patients with acute leukemia
and myelodysplastic syndromes who receive a second allogeneic HCT for relapse and survive disease free for
at least 1 year, many can be expected to survive long term. However, they continue to be at risk for relapse
and nonrelapse morbidity and mortality. Novel approaches are needed to minimize relapse risk and long-
term transplantation morbidity in this population.

� 2015 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Disease relapse is the leading cause of treatment failure

after allogeneic hematopoietic cell transplantation (HCT) for
hematologic malignancy and occurs in approximately 20% to
60% of patients [1-5]. The outcome after disease relapse after
first transplantation is poor, with survival rates less than 10%
in somepopulations, and treatment options for these patients
are limited [5-8]. Second HCT is a potentially curative option
for selected patients and disease relapse is the most common
indication for second allogeneic transplantation [9]. The de-
cision to undergo a second transplantation is complex, given
the heightened risks of disease recurrence, acute toxicity,
post-transplantation late effects, and transplantation-related
mortality.

Rates of overall survival after second allogeneic HCT range
between 28% and 60%, with disease-free survival rates of 25%
to 56% [1,2,9-15]. Studies of second transplantation in chil-
dren have demonstrated more favorable survival, but are
limited by small patient numbers [11,16]. Previous studies of
second transplantation have been limited in sample size and,
hence, have been inconsistent in identifying favorable factors
for longer survival after second allogeneic HCT. Notwith-
standing the limitation of small sample size, factors associ-
ated with superior survival include younger recipient age,
longer duration of remission between transplantations,
complete remission (CR) at second transplantation, bone
marrow as the stem cell source, the use of a fully HLA-
matched donor, the presence of acute and chronic graft-
versus-host disease (GVHD), and transplant from a female
donor [1,9-12,17,18]. An area of controversy has been the
impact of the intensity of conditioning regimen on survival,
as some studies have found reduced-intensity conditioning
regimens to favorably impact survival, whereas others found
survival to benefit from high-dose myeloablative regimens
containing total body irradiation [2,12,15]. An additional area
of discussion is the impact of using the same or alternate
donor with the second transplantation.

Much attention has been paid to analyzing late effects
after single allogeneic HCT. The Bone Marrow Transplant
Survivor Study reported that 66% to 79% of long-term sur-
vivors of HCT suffered from at least 1 chronic health condi-
tion [19-21]. The rates of long-term survival and the
incidence of late effects after second allogeneic trans-
plantation have not been well described. Given the cumu-
lative exposure to chemotherapy and radiation, recipients of

2 or more transplants may be at substantial risk for late
complications.

In this study, we selected a cohort of patients who were
alive and in remission for 1 year or more after a second
allogeneic HCT for relapsed acute leukemia or myelodys-
plastic syndrome (MDS) to describe: (1) long-term survival
and predictive factors for survival outcomes, and (2) cumu-
lative incidence of late effects in this population.

MATERIALS AND METHODS
Data Source and Patients

Data for this study were obtained from the Center for International
Blood and Marrow Transplant Research (CIBMTR). The CIBMTR is a volun-
tary working group of more than 450 transplantation centers worldwide
that contribute detailed data on hematopoietic cell transplantations to a
statistical center at the Medical College of Wisconsin in Milwaukee and the
National Marrow Donor Program in Minneapolis. Participating centers are
required to report all transplantation consecutively; compliance is moni-
tored by on-site audits. Patients are followed longitudinally. Computerized
checks for discrepancies, physicians’ review of submitted data, and on-site
audits of participating centers ensure data quality. Data are collected
before transplantation, 100 days and 6 months after transplantation, and
annually thereafter, or until death. Observational studies conducted by the
CIBMTR are performed under guidance of the institutional review board of
the National Marrow Donor Program and are in compliance with all appli-
cable federal regulations pertaining to the protection of human research
participants.

Transplantation-essential data are collected for all patients participating
in CIBMTR data collection. These includes demographic, disease type and
stage, survival, relapse, graft type, the presence of GVHD, and cause of death
data. A subset of CIBMTR participants are selected for comprehensive
research level data collection by weighted randomization. Late effects data
are collected from this group of patients. Transplantation centers report the
presence of clinically significant organ impairment or disorder at 6 months
and 1 year after transplantation and annually thereafter. Centers are spe-
cifically asked to report the presence of the following late effects: stroke/
seizure, myocardial infarction, cirrhosis, gonadal dysfunction requiring
hormone replacement, renal failure severe enough to warrant dialysis,
avascular necrosis, cataracts, growth hormone deficiency/growth distur-
bance, hypothyroidism, and bronchiolitis obliterans.

Study Population
The study population included children (age� 18 years) and adults (age

> 18 years) who had survived disease free for at least 1 year after their
second allogeneic HCT for acute lymphoblastic leukemia, acute myeloge-
nous leukemia, juvenile myelomonocytic leukemia (JMML), and MDS be-
tween January 1,1980 and December 31, 2009. Therewas no exclusion based
on type of conditioning regimen. The intensity of the conditioning regimen
was based on the definitions published by Bacigalupo et al. [22]. All types of
donor grafts were included with the exception of syngeneic twins. Patients
who had an allogeneic HCT after autologous transplantation were not
included in the analysis.
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