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Abstract

An international consensus conference sponsored by the Pediatric Blood and Marrow Transplant 

consortium entitled, “Late Effects Screening and Recommendations Following Allogeneic 
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Hematopoietic Cell Transplant for Immune Deficiency and Non-malignant Hematologic Disease 

was held in Minneapolis, Minnesota on May 10–11, 2016. The purpose of the conference was to 

address the unmet need for a greater understanding of and the screening for long-term 

complications in the growing population of survivors of transplantation for nonmalignant 

disorders. The conference focused on transplantation for hemoglobinopathy, immune deficiency, 

and inherited bone marrow syndromes. A multidisciplinary group of experts in the disease areas 

and transplant late effects presented the current state of understanding of how the underlying 

disease, pretransplant therapies, and transplant related factors uniquely interact to influence the 

development of late toxicities. Recommendations were put forth by the group for the late effects 

screening of survivors of transplantation for these non-malignant disorders. The findings and 

recommendations that came from this conference will be presented in a series of six additional 

manuscripts in the upcoming months. In this manuscript we explore the need for screening 

practices specific to the survivors of transplantation for non-malignant diseases and the 

metholodologic challenges associated with the study of these patients.

Keywords

Late effects; pediatric allogeneic bone marrow transplant; marrow failure disorders; immune 
deficiencies; hemoglobinopathies

Background

Improvement in survival and a growing list of indications has led to an expanding population 

of survivors of allogeneic hematopoietic cell transplantation (HCT) in childhood.1–3 A 

report from the Center for International Blood and Marrow Transplant Research (CIBMTR) 

estimates that there will be 242,000 survivors of transplantation by 2020 and 502,000 by 

2030 representing a 2.5-fold and 5-fold increase from 2009 respectively.1 It is predicted that 

in 2030,14% of survivors will have been less than 18 years of age at transplantation.

In more recent years there has been a steady increase in the number of children transplanted 

for non-malignant diseases.4 Between 2009 and 2013 there were 3151 HCTs performed in 

pediatric patients with immune system disorders, histiocytic diseases, inherited 

abnormalities of erythrocyte differentiation or function, inherited disorders of metabolism, 

inherited platelet abnormalities, inherited bone marrow failure syndromes and aplastic 

anemia.5 Non-malignant conditions comprised 26.5% of the 11,875 transplants performed in 

patients less than 20 years of age representing a growing population of pediatric transplant 

survivors.5

Transplantation during childhood years can predispose children to late toxicities and 

consequently, increased morbidity and mortality compared with age and sex matched 

counterparts. Survivors of pediatric HCT for hematological malignancies have a much 

higher burden, both in terms of number and severity, of late effects as compared to 

childhood cancer survivors treated with chemotherapy only. The cumulative incidence of 

chronic health conditions after HCT with a median follow-up of 5 to 15 years varies from 

30–60% with increasing risk over time.6–8 Risk factors for late effects in HCT survivors 

include younger age at HCT, the use of total body irradiation (TBI) and chronic graft versus 
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host disease (GVHD).7–15 Additionally, the Bone Marrow Transplant Survivor Study found 

an almost 10-fold increased risk of non-relapse late mortality after HCT compared with the 

general population, related to chronic GVHD, new malignancies, cardio-pulmonary late 

effects and other chronic health conditions.16

Despite the increasing numbers of survivors of HCT for non-malignant disorders, our 

knowledge of late effects following childhood transplantation comes primarily from the 

study of HCT for acute leukemia. With improving survival of childhood cancer patients, 

focus has shifted from improving survival to improving survival with the best quality of life. 

This has led to a wealth of studies on chronic health conditions in childhood cancer 

survivors and on treatment modalities that increase the risk for specific late effects, e.g. 

radiotherapy and secondary malignancy. However, fewer reports detail long-term follow-up 

after HCT for non-malignant diseases, in part due to the rarity of these conditions and the 

relatively recent evolution of HCT as a standard treatment option in disorders such as 

thalassemia and sickle cell disease, where the risk of dying in childhood from these 

disorders is very low and effective supportive care are in place. One recent single-institution 

study described late effects in 102 patients surviving for a minimum of 5 years after cord 

blood HCT. Busulfan was the primary conditioning agent and no TBI was given. HCT was 

for non-malignant indications in 82.4% of patients. Significant late effects identified 

included dental problems, short stature, cognitive deficits, pulmonary dysfunction, and 

abnormal pubertal development. At least 1 late effect was present in 98% of all patients.17

Non-malignant disorders treated by HCT including inherited bone marrow failure 

syndromes (IBMFS), hemoglobinopathies, and immune deficiencies adversely affect target 

organ function, cause cognitive impairment, and shorten survival. Single center and a 

smaller number of consortia reports have shown that long-term complications are common 

in survivors of transplantation for IBMFS, hemoglobinopathies and immune deficiencies, 

including infertility, endocrine issues, immunologic function, and sequelae of chronic 

GVHD.18–26 The pre-transplant therapies and potential comorbidities of children with these 

disorders are unique and not readily interchangeable with comparisons with malignant 

diseases, which typically require chemotherapy treatment to induce remission prior to 

transplant. Therefore, knowledge gained from the study of late effects in leukemia does not 

necessarily apply to patients transplanted for non-malignant disorders. Efforts aimed at 

identifying how features of non-malignant disorders interact with the HCT process to 

increase the risk of long-term effects are vital in planning strategies to screen, diagnose and 

treat, or prevent these complications.

Existing Consensus Guidelines

In 2011 the Pediatric Blood and Marrow Transplant Consortium (PBMTC), National Cancer 

Institute (NCI), and National Heart, Lung and Blood Institute (NHLBI) convened the First 

International Consensus Conference on Late Effects after Pediatric Hematopoietic Cell 

Transplantation in Bethesda, Maryland. One of the seven manuscripts resulting from the 

conference highlighted the need for pediatric specific post-transplant late effects screening 

guidelines.27 In that manuscript and others from the conference, the authors presented expert 

panel recommendations to screen for late effects following HCT in children.27–29 In 
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addition, they provided critical review of the existing recommendations and applicability to 

survivors of childhood HCT. These recommendations came from multiple consortia 

including the Children’s Oncology Group (COG), CIBMTR/American Society for Blood 

and Marrow Transplantation/Asia-Pacific Blood and Marrow Transplantation Group/Bone 

Marrow Transplant Society of Australia and New Zealand/East Mediterranean Blood and 

Marrow Transplantation Group/Sociedad Brasileira de Transplante de Medula Ossea, UK 

Children’s Cancer and Leukaemia Group Late-Effects Group Therapy-Based Long-Term 

Follow-Up Practice Statement and PanCare Childhood and Adolescent Cancer Survivor 

Care and Follow-up Studies.27 The guidelines from these groups differ in content, 

organization and emphasis placed on survivors of pediatric HCT. Table 1 outlines the 

recommendations for screening of organ systems that are most applicable in survivors after 

HCT for non-malignant diseases. A common weakness of the pediatric specific 

recommendations was the lack of focus on organ function and late complications that are 

specific to non-malignant disorders, a consequence of the fact that these guidelines have 

inevitably focused much more on malignant transplants due to greater numbers and more 

knowledge.

There are few consensus recommendations for late effects screening that take into account 

the features unique to non-malignant disorders. An exception is the most recent COG HCT 

specific surveillance recommendations.30 The COG provides evidence-based, pediatric-

specific recommendations organized by therapeutic exposure (http://

www.survivorshipguidelines.org/pdf/LTFUGuidelines_40.pdf) with a separate section 

focused on post-HCT follow-up. These recommendations are presented in an organ system 

based approach.30 Of note, the pre-transplant exposures considered in the COG 

recommendations focus on chemotherapy and radiation. They do not address common pre-

transplant exposures in non-malignant patients such as hydroxyurea in patients with sickle 

cell anemia, chronic red blood cell transfusion and chelation agents in IBMFS and 

hemoglobinopathies, previous infections in immune deficiency patients, and androgen 

therapy in patients with IBMFS syndromes. We know of no consensus long-term screening 

guidelines that address the pathophysiology of the non-malignant conditions or the pre-

transplantation therapies given to these patients. Also important is the need to account for 

individual disease related manifestations in the development of these screening guidelines.

In order to address the unique and critical needs of children undergoing HCT for non-

malignant disorders, we convened a Second International PBMTC Consensus Conference on 

Late Effects after Pediatric Hematopoietic Cell Transplantation in Minneapolis in May, 

2016. In a series of 6 manuscripts from this conference we will provide recommendations 

for long-term follow-up and late effects screening of survivors of HCT for severe immune 

deficiencies, specific marrow failure syndromes (Fanconi Anemia, Diamond-Blackfann 

Anemia, and Dyskeratosis Congenita) and common hemogoblinoapthies (sickle cell disease 

and thalassemia). In addition, we will outline current knowledge of late effects in each 

disease and then specify scientific priorities for future late effects research. The greatest 

challenges in performing HCT in these patients are problems inherent in the underlying 

disease process, with a natural history of progression that may or may not be cured and in 

some cases can be potentially exacerbated by HCT. The recommendations will be unique to 

each of the three groups discussed at the conference: IBMFS, hemoglobinopathies, and 
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immune deficiencies. Our recommendations will outline an ideal for follow-up along with 

guidelines for critical minimal follow-up in order to be useful for populations with variable 

resources.

Methodological Challenges

When considering how best to further study the ways in which HCT may interact with 

underlying disease, there are a number of methodological challenges.

The first challenge is to define the appropriate cohorts of patients with these rare conditions 

to address specific study questions and to ensure long-term access to them for follow-up 

studies. This applies to each of the retrospective, cross-sectional, and prospective studies 

needed to build a more comprehensive understanding of late effects after HCT in children 

with these disorders. With increasing success of HCT in non-malignant conditions, there are 

new cohorts surviving and teaching us more each day, while at the same time, there is often 

a long latency for many of the long-term conditions of interest. Advances will be 

strengthened if investigators develop consortia and combine databases that link multiple 

pediatric and adult institutions in global collaborations. Within these structures, there will 

need to be development of standardized data collection tools that can be complete and 

current, but will also account for time trends with long length of follow-up. Current 

infrastructure to address some of these questions resides within the CIBMTR and the 

Pediatric Diseases Working Party of the EBMT, but due the rare nature of these diseases and 

the complexity of the disorders, disease specific infrastructures are attempting to address 

these questions as well (i.e. the Primary Immune Deficiency Treatment Consortium, disease 

specific registries [Diamond-Blackfan Anemia and Schachmann-Diamond Registries], etc.).

Another major challenge in the study of late effects in non-malignant conditions lies in 

establishing an appropriate comparison group(s). Should patients with non-malignant 

disorders who undergo HCT be compared with patients with the same condition who do not 

undergo HCT, patients with other non-malignant disease conditions who also undergo HCT, 

or to patients who undergo HCT for malignant conditions? Comparisons with the general 

population are potentially problematic since the underlying disease may have other 

characteristics that lead to chronic health conditions unrelated to the HCT process. Examples 

of different comparisons include work done with Fanconi Anemia (FA) patients where those 

with and without HCT have been compared31 and FA patients have been compared with 

other IBMFS patients as well as with population norms through the Surveillance, 

Epidemiology, and End Results (SEER) Program.32 However, those patients transplanted are 

inherently different given that HCT is typically only offered to IBMFS patients who have 

had malignant transformation or who have severe bone marrow failure. Similar issues exist 

for patients with sickle cell anemia, who are eligible for HCT if they have a more severe 

phenotype with sickle related complications. There is a challenge to clarify if chronic health 

conditions and late effects are caused by the underlying disease, the HCT procedure and 

related complications, and/or the interaction of these. Choosing the right comparison groups 

can help to disentangle these elements and better define risk factors for HCT-specific late 

effects in these patients.
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If appropriate cohort and comparators can be established, there are still challenging 

statistical questions that can arise. For example, time is an important factor, but time can be 

expressed as an interval after diagnosis, interval after intervention such as HCT, or attained 

age. Each study design will need to determine the most appropriate time scale for analyses. 

Additionally, it is important to define the analysis methods that will minimize bias. 

Competing risks, where patients may experience an event that changes risk of another event, 

will be best in some settings. In other settings actuarial analysis will be best, where a patient 

is censored at an event and those censored are representative of those who remain on study 

and would experience the event if followed long enough.

Ultimately, a critical aspect of these studies is to provide data allowing for shared decision-

making, where clinicians can advise families on potential risks and benefits of transplant. An 

example of this kind of thought process is earlier or pre-emptive HCT in FA.33, 34 The 

authors of these studies suggest the methods applied could be used to model survival for 

other disorders with limited empirical data and a pressing need for clinical guidelines.

State of the Science and Future Directions

The International Consensus Conference in Minneapolis brought together international 

experts in hematology, immunology, blood and marrow transplantation, and survivorship 

from North America, South America, and Europe. The first half-day session focused on 

IBMFS, specifically FA, Dyskeratosis Congenita, and Diamond Blackfan Anemia. The 

second half-day session focused on hemoglobinopathies, specifically thalassemia and sickle-

cell anemia. The third half-day session focused on primary immune deficiency with an 

emphasis on severe combined immunodeficiency. The current manuscript provides basic 

general recommendations for long-term follow-up from which more individualized 

recommendations can be created. Based on an exhaustive literature review, a series of pre-

meeting conference calls, and summary discussions at the conference, each of the three 

working committees have prepared a two manuscripts—the first discussing knowledge to 

date and identified gaps, and the second outlining disease specific long-term follow-up 

recommendations. These publications will appear sequentially in BBMT for the next several 

months. It is our hope that this work will inspire and promote research in this area and for 

funding agencies to consider the importance of the priority studies outlined. We also hope to 

establish the key importance of specialized long-term follow-up and enjoin insurers to 

provide coverage for appropriate screening visits in these high risk children as they progress 

through their lives.
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