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Abstract

A number of studies have shown that autologous and allogeneic hematopoietic cell transplantation 

(HCT) contribute to an increased incidence of cardiovascular disease (CVD) and worsening of 

cardiovascular risk factors (CVRFs) that could contribute to further CVD over time. These 

observations combined with a notable increase in the number of survivors after HCT in recent 

years highlight the need for studies aimed at modifying risk or preventing these outcomes by 

changing specific approaches and/or post-HCT interventions. To address these issues, an 

international consensus conference on late effects after HCT was held in Washington DC in June 

2016. This report summarizes the major gaps in knowledge along with detailed recommendations 

regarding study priorities from the Cardiovascular Disease and Associated Risk Factors 

Committee, a multi-disciplinary panel of international experts. The committee calls for specific 

studies aimed at understanding and preventing arterial disease and cardiac dysfunction (heart 
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failure, valvular disease, and arrhythmias), as well as decreasing cardiovascular risk factors 

(hypertension, hyperglycemia, dyslipidemia, and sarcopenic obesity) after HCT.
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INTRODUCTION

Despite improvements in overall outcomes, HCT survivors continue to have substantially 

higher mortality rates when compared with the general population.1–3 This risk persists 

beyond ten years after HCT, a period in time when non-relapse-related mortality rates 

exceed relapse-related mortality rates.1–3 An important example of this is found in 

cardiovascular-related mortality which, among HCT survivors, is 2- to 4-fold greater than 

that expected for the general population, and the incidence increases with time from HCT.4

Mortality attributed to cardiovascular disease (CVD: heart failure, myocardial infarction, 

stroke) underestimates the true burden of CVD after HCT. HCT survivors have a 4-fold 

higher risk of developing CVD when compared with the general population,4 adding to the 

already high burden of chronic health-related conditions in these survivors.5 This increased 

risk of CVD is multi-factorial, having been associated with pre-HCT therapeutic exposures 

(e.g. anthracycline chemotherapy, chest radiation), HCT conditioning, and cardiovascular 

risk factors ([CVRFs], e.g. hypertension, diabetes, dyslipidemia, abnormal body 

composition).6, 7 The median age at first cardiovascular event such as myocardial infarction 

in HCT survivors is as low as 53 years (range 35–66 years),8 much lower than would be 

expected in the general population (67 years).9 The markedly increased CVD risk, coupled 

with the recognition that these complications develop earlier than would be expected in the 

general population, has raised the possibility of an accelerated cardiovascular aging 

phenotype in HCT survivors.

Given current high transplant volumes and improvements in post HCT survival, there is an 

increasing need for healthcare providers to screen for and initiate preventive measures to 

reduce the risk of late-occurring CVD in HCT survivors. It therefore timely to review gaps 

in knowledge with regards to the epidemiology, pathophysiology, as well as appropriate 

screening and prevention strategies for CVD. To address these gaps, our working group 

evaluated the current state of science, and highlighted research priorities for future studies 

aimed at improving the long-term cardiovascular health of the HCT survivor. Recognizing 

the heterogeneity of risk factors and differences in pathophysiology of disease, the working 

group and hence the current manuscript was organized around the following overarching 

topics (Figure 1): arterial disease (e.g. coronary artery, cerebrovascular, peripheral artery), 

cardiac dysfunction (e.g. heart failure, valvular, arrhythmia), CVRFs (e.g. hypertension, 

hyperglycemia, dyslipidemia, sarcopenic obesity).
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ARTERIAL DISEASE

Arterial diseases (AD), including coronary artery, cerebrovascular and peripheral artery 

disease have emerged as a leading cause of non-relapse related mortality and morbidity in 

long-term HCT survivors.6, 7, 10 The cumulative incidence of AD is up to 22% at 20 years 

after allogeneic-HCT,11, 12 and the risk is twofold higher when compared to the general 

population.4, 12 This is due in part to the increased incidence of CVRFs including 

hypertension, dyslipidemia and diabetes, but also to unhealthy lifestyle behaviors (lack of 

physical activity, physical deconditioning) after HCT.4, 11–15 To date, most studies have been 

retrospective in nature or have relied on self-reported questionnaires. The lack of 

standardized definitions used to define AD or CVRFs have limited the generalizability of 

findings. Additionally, challenges remain with regards to the selection of appropriate control 

populations. Comparison of long-term HCT survivors with siblings is frequently used, but 

might represent a bias due to the familial predisposition to AD and CVRF; the use of 

unrelated donors is an alternative, but remains unrealistic due to the inability to collect 

relevant data for proper risk assessment. Finally, most studies have focused on clinically 

overt AD, providing an underestimation of the true burden of AD in HCT survivors.

The pathogenesis of post-HCT AD seems to be multifactorial, and CVRFs play an important 

role in the acceleration of atherogenesis (Figure 2).4, 11–15 Additional modifying factors that 

have been implicated include: endothelial injury induced by radio-chemotherapy (radiation, 

alkylating agents, platinum agents, high-dose cyclophosphamide conditioning), graft versus 

host disease (GVHD), immunosuppressive agents, and other endocrine disorders (e.g. 

gonadal dysfunction).6, 7 Host genetic polymorphisms may be involved in modulation of AD 

risk after HCT;16 however, to date no specific genetic variant has been described. There 

remain gaps in knowledge with regards to ethnic, geographic and socio-demographic 

influences on post-HCT AD.17 Less is known regarding differences in the epidemiology of 

AD in survivors of autologous vs. allogeneic HCT, or the effect of reduced intensity 

conditioning (RIC) on long-term AD risk. This is may be an important area for future 

investigation, as there are distinct therapeutic exposures and complications (e.g. increased 

prevalence of chest RT exposure in autologous HCT survivors, higher burden of systemic 

inflammation or CVRFs in allogeneic HCT survivors) that may differentiate the screening 

and prevention strategies for each group.8, 11

Screening for subclinical AD in HCT survivors is limited by the lack of standardized and 

reproducible methods for early screening in the general population. As such, most 

recommendations pertaining to HCT survivors have advocated early screening for CVRFs, 

providing opportunities to implement interventions to prevent or delay the occurrence of 

AD.18–21 Additionally, screening should include assessment of high-risk lifestyle behaviors 

such as: smoking, physical inactivity, unhealthy diet, and being overweight/obese.18–21 

There is general consensus that screening should begin 1 year after HCT, and that existing 

population-based guidelines do not accurately predict risk of AD in long-term HCT 

survivors.20–22 Moreover, there is discordance among existing long-term follow-up 

guidelines with regards to the frequency and duration of screening. Screening for 

asymptomatic vascular disease using imaging studies (e.g. coronary artery calcium scoring, 
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vascular intima-media thickness), or blood biomarkers of endothelial injury is not routinely 

indicated in HCT survivors; this remains an active area of investigation.

It remains to be seen whether existing prevention recommendations for the general 

population (e.g. aggressive management of CVRFs, adoption of healthy lifestyle)23, 24 can 

result in the same beneficial effect in HCT survivors. Additionally, there are gaps in 

knowledge with regards to the role of primary prevention (e.g. selection of reduced-intensity 

conditioning vs. myeloablative conditioning) for AD risk reduction. The increasing trends of 

HCT for higher risk patients with older age and/or more comorbidities mandate continued 

research in this area. Future studies aimed at prevention of AD could achieve endothelial 

protection and attenuation of subclinical and/or clinical disease in survivors at highest risk 

for clinically significant disease.

Research priorities: Arterial disease (AD)

• Describe the incidence of AD in HCT survivors using standardized definitions 

(American College of Cardiology/American Heart Association) for 

cardiovascular outcomes and for CVRFs; identify representative non-HCT 

comparison controls.

• Evaluate the effect of other metabolic derangements (e.g. gonadal dysfunction 

after HCT) on long-term AD risk.

• Examine the latency of AD with regards to HCT-specific exposures (e.g. 

donor source, conditioning intensity, radiation); identify populations at 

highest risk.

• Clarify fundamental pathways (e.g., inflammation, endothelial damage, role 

of endothelial progenitor cells, angiogenesis) in the development of post- 

HCT arterial complications.

• Evaluate allo-effect and GVHD presentations on post-HCT AD risk; this 

knowledge would be particularly relevant for patients who have undergone 

RIC.

• Develop studies to examine the utility of imaging approaches (e.g. coronary 

artery calcium scoring, vascular intima-media thickness) and blood 

biomarkers (e.g. endothelial injury, metabolomics) for detection of 

atherosclerosis in HCT survivors.

• Develop HCT-specific risk prediction models for AD and other cardiovascular 

complications.

• Test the efficacy of lifestyle modification and/or prophylactic 

pharmacotherapy (e.g. use of lipid lowering agents) on AD risk reduction in 

HCT survivors.
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CARDIAC DYSFUNCTION

Heart Failure (HF)

HF is a well-described occurrence during the immediate post-HCT period.25–27 Mortality 

attributed to early HF ranges from 1% to 9%, whereas morbidity as defined by reduction in 

cardiac output is considerably higher (5% to 43%).25–27 Risk factors for early HF include 

reduced pre-HCT ejection fraction (EF), conditioning with high-dose cyclophosphamide 

(HD-CY) and total body irradiation (TBI).25–28 The incidence of late-occurring HF (1+ year 

post-HCT) appears to be especially high for autologous HCT recipients – cumulative 

incidence estimated at 5% at 5 years, approaching 10% at 15-years post-HCT.29 The risk of 

late-occurring HF is primarily attributable to pre-HCT anthracycline exposure, in a dose-

response manner.29, 30 HF risk increases significantly among those who also have 

conventional CVRFs such as hypertension and/or diabetes.4, 13, 29

The vast majority of studies examining HF risk in HCT survivors have relied on 

retrospective cohort or population-based registry data, potentially representing the most 

severe phenotypes of HF in this population. Few have compared the expected incidence 

and/or prevalence of HF in the HCT population to that in the general population, and none 

have examined the contribution of other pre-HCT organ function impairments (e.g. 

pulmonary dysfunction, musculoskeletal impairment, arterial disease) on long-term cardiac 

health.

The American College of Cardiology/American Heart Association (ACC/AHA) classifies 

HF as a progressive disorder with a variable period of asymptomatic cardiac dysfunction that 

precedes clinically overt disease.31 Asymptomatic patients can present with systolic (e.g. 

low EF) or diastolic (e.g. prolonged mitral annular velocity) dysfunction, typically identified 

on routine screening resting echocardiography. 31 However, few studies have characterized 

the prevalence and magnitude of risk of asymptomatic HF in HCT patients, and none have 

described the latency of disease or trajectory of change between the two (asymptomatic, 

symptomatic) health states. There is very little known regarding the structural changes in 

cardiac function (e.g. systolic vs. diastolic impairment, or both) that precede symptomatic 

HF in HCT survivors, or the role existing chronic health conditions (e.g. iron overload, 

hypertension, microvascular disease, endothelial dysfunction, renal dysfunction) play in 

chronic cardiac injury after HCT.

Early screening for asymptomatic disease may provide opportunities for implementation of 

interventions to reduce the risk of clinically overt disease. In this context, an effective 

population-based strategy is one where asymptomatic disease can be detected before 

irreversible impairment has occurred, utilizes widely available techniques that are preferably 

non-invasive, inexpensive, reproducible, highly predictive of clinically significant disease, 

and actionable in guiding therapy. While echocardiography has been advocated for screening 

of asymptomatic disease, there is little information regarding the cost-effectiveness of 

routine surveillance post-HCT. This may be due to poor reproducibility of certain 

echocardiographic parameters, or lack of their predictability of clinically significant 

disease.32
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Outcome following post-HCT HF is poor, with less than 50% surviving five years,29, 30 

emphasizing the need for preventive strategies to decrease the risk of HF. Given the growing 

body of literature on the association between cardiovascular risk factors and HF in HCT 

survivors, future efforts may need to examine the utility of aggressive management of 

CVRFs as a means of reducing HF risk. Ongoing studies33, 34 in other cancer populations 

are examining the role of secondary prevention (e.g. use of beta-blockers, angiotensin-

converting enzyme inhibitors, or lifestyle modification) in asymptomatic patients at high risk 

for clinically overt HF. Such a strategy may be considered as a means to disrupt the 

neurohormonal dysregulation that precedes irreversible cardiac injury.

Valvular heart disease (VHD)

Clinically significant VHD is an uncommon complication of HCT. Risk factors for VHD 

include pre-HCT anthracycline chemotherapy and/or chest/mediastinal radiation therapy 

(RT), older age at HCT, and younger age at radiation exposure. Survivors of autologous 

HCT appear to be at heightened risk for VHD, due in large part to pre-HCT therapeutic 

exposures such as chest RT.35, 36 Long-term follow-up guidelines recommend extended 

cardiac screening with echocardiography for those at high risk for VHD based on age at 

treatment, cumulative radiation and anthracycline doses, and underlying diagnosis for 

HCT.20, 37 Existing AHA/ACC guidelines for the management of VHD provide specific 

recommendations for the management of VHD, and may be applicable to HCT patients.38

Cardiac arrhythmias

Cardiac arrhythmias can have serious health implications in HCT survivors, but often cause 

no symptoms. The focus of long-term care is to identify and treat arrhythmias that may 

eventually result in symptomatic disease, other cardiovascular complications such as stroke, 

or hemodynamic collapse and death. This list includes, but is not limited to: atrial and 

ventricular fibrillation, QTc prolongation, and heart block. The incidence of arrhythmia is 

greatest in older populations and increases over time after HCT, reflecting the known 

association of older age with rhythm disturbance.4, 6 The reported incidence of cardiac 

arrhythmia in HCT survivors ranges between 2% and 10%, and is largely limited to 

lymphoma and breast cancer autologous HCT survivors treated with chest RT.11, 36, 39 The 

impact of allogeneic HCT on the development of arrhythmias is not clear.14

There are no established strategies for screening and prevention of arrhythmias following 

HCT. Existing HCT consensus guidelines20, 37 do not recommend routine screening 

electrocardiogram or Holter monitoring in patients in the absence of symptoms or 

concerning family history, though consideration for screening in those with history of chest/

mediastinal radiation is suggested. Despite common clinical practice of obtaining post-HCT 

electrocardiograms, there are no clear guidelines for frequency and duration of 

electrocardiograms in asymptomatic survivors on medications known to cause QTc 

prolongation.

Research priorities: Cardiac dysfunction

• Define the relative contribution of pre-HCT therapeutic exposures on long-

term cardiac dysfunction risk.
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• Examine the role pre-HCT comorbidities (e.g. iron overload, vascular disease, 

renal dysfunction, physical deconditioning) play in the development of 

chronic cardiac injury after HCT.

• Examine the mechanisms of enhanced cardiotoxicity observed in HCT 

survivors with comorbidities such as hypertension and diabetes.

• Describe the prevalence and risk factors for asymptomatic cardiac 

dysfunction; evaluate whether the pathophysiologic changes in HCT survivors 

differ from those seen in other high-risk cancer and non-cancer populations.

• Evaluate the utility of novel imaging approaches (e.g. cardiac strain, cardiac 

MRI), as well as blood biomarkers for detection of asymptomatic cardiac 

dysfunction.

• Describe the optimal timing, frequency, and duration of screening that would 

result in long-term cardiac disease risk reduction.

• Develop primary and secondary interventions aimed at long-term cardiac 

disease risk reduction that are informed by epidemiologic studies in high risk 

populations.

CARDIOVASCULAR RISK FACTORS

Hypertension

Studies have consistently reported a higher prevalence of hypertension in HCT survivors 

when compared to the general population.4, 11, 13, 14, 40–42 Reported rates of hypertension 

have ranged from 10–50%, with the variation due to differences in population composition, 

follow-up length, and assessment method. Risk factors for hypertension among HCT 

survivors include allogeneic versus autologous HCT, increasing age, and the presence of 

obesity and other CVRFs.40, 43 While immunosuppressive medications used to treat GVHD 

often are associated with acute hypertension,40 evidence for acute or chronic GVHD as a 

risk factor for persistent hypertension once survivors are off immunosuppression has been 

mixed.4, 13–15 Similarly, TBI, kidney injury, and male sex while postulated to be potential 

risk factors have generally not been consistently found to be independent risk factors.42, 44

Limitations of the current literature include a reliance on self-report and/or medication status 

to define hypertension, particularly among larger studies. This likely misclassifies 

undiagnosed patients as well as those receiving blood pressure (BP) medications for other 

indications (e.g., cardiomyopathy, chronic kidney disease). Self-report also limits 

information on the severity of one’s hypertension, with strong evidence in the general 

population that risk increases with greater BP values.45, 46 Furthermore, not all survivors 

receiving hypertension treatment have their hypertension well-controlled. In contrast, studies 

based on in-person assessment may over-estimate prevalence of hypertension if 

ascertainment is based on only a single BP measurement versus alternative measurement 

modalities such as 24-hour ambulatory monitoring.45, 46
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The increased prevalence of hypertension after HCT is thought to contribute to the 

accelerated development of other cardiovascular diseases post-transplant.6, 7 Pre-transplant 

and HCT-specific treatment exposures such as radiotherapy and select antineoplastic agents 

(e.g., anthracyclines, some tyrosine kinase inhibitors) may cause both vascular and/or direct 

cardiac injury. 6, 7 Some studies have shown that radiation may exert adverse effects on 

endothelial function even in regions distant from direct radiation exposure.47 GVHD and its 

associated inflammatory state, while not consistently implicated as an epidemiologic risk 

factor for hypertension, may plausibly still contribute to the development of premature 

cardiovascular disease and hypertension among HCT survivors.48 In studies that have 

examined the timing of hypertension, 1-year allogeneic survivors had much shorter onset 

versus 1-year autologous survivors (0.2 versus 3.7 years).13 An important caveat to this 

observation, however, is that a proportion of allogeneic patients with hypertension at 1-year 

post-transplant will have their condition resolve with further follow-up; therefore some of 

these effects can be temporary.13, 40

BP can be easily measured in most clinical environments. Current AHA and American 

Academy of Pediatrics guidelines49 and the BMT International LTFU Consensus 

guidelines20 recommend that BP be checked at every clinic visit and that any concern for 

hypertension (i.e., if values are high on ≥2 visits more than one week apart) be worked up 

and managed. While no HCT-specific data exist, data from the general population suggest 

that ambulatory and even home BP monitoring are likely to be superior to office-based 

measurements for confirming the diagnosis.45, 46 BP thresholds used to confirm a 

hypertension diagnosis are slightly lower for 24-hour ambulatory BP values.45, 46

Across numerous studies of both HCT and non-HCT cancer survivors, hypertension has 

been identified as one of the most important (and potentially modifiable) risk factors 

associated with subsequent more severe cardiovascular outcomes.11–13, 29, 50–52 For 

example, pre-transplant hypertension and hypertension persisting ≥2-years post-HCT was 

associated with a 3–5 times increased hazard ratio of late ischemic heart disease, heart 

failure, and stroke among ≥2-year HCT survivors.50 Among survivors with cancer treatment 

exposures known to increase cardiovascular disease risk (i.e., anthracyclines, chest 

radiation), hypertension appears to act synergistically to further increase risk.29, 51 As such, 

better control of hypertension offers the promise of potentially ameliorating a significant 

burden of late serious cardiovascular disease among HCT survivors.43

Treatment goals are typically to reduce BP values to <140/<90 mmHg. However, there is 

evidence in the general population that lower targets in the 120–129 mmHg systolic range 

may be even more beneficial.53 Treatment should be two-pronged, with an emphasis on 

lifestyle modifications (weight reduction, diet modification, increased physical activity) for 

those in the pre-hypertensive range, and adding in pharmacologic therapy for those meeting 

hypertension thresholds.54 What remains unknown is whether improved control of 

hypertension among HCT survivors will reduce their subsequent cardiovascular disease risk 

to the same degree seen in the general population.
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Research priorities: Hypertension

• There are limited to no longitudinal data on the development and progression 

of hypertension as well as vascular and endothelial dysfunction among HCT 

survivors. Such data would be informative in guiding the timing of potential 

interventions to improve the cardiovascular health of these individuals. This 

would include a better understanding of the magnitude of under-treatment, 

and determination of clinician- and patient-specific barriers to hypertension 

control, including adherence and medication burden.

• Investigators should determine whether a properly powered study with 

sufficient follow-up focused on BP control and other potentially modifiable 

traits in relation to serious and life-threatening cardiac endpoints (e.g., 

ischemic heart disease, cardiomyopathy) is feasible. If not feasible, then what 

surrogate measures of vascular health may serve as appropriate surrogate end 

points?

Hyperglycemia

Hyperglycemia is frequently observed during or shortly after HCT as a side effect of 

immunosuppressive drugs (glucocorticoids, tacrolimus, cyclosporin and sirolimus), 

transplant factors and/or acute complications of HCT (infection, inflammation, total 

parenteral nutrition and GvHD).55 Dysregulated glucose homeostasis may persist beyond 

this first phase or emerge during long-term follow-up in the form of 3 related entities: 1) 

Type 2 Diabetes Mellitus (T2DM), encompassing conditions characterized by 

hyperglycemia due to various degrees of impairment of insulin secretion or action;56 2) pre-

diabetic states (PDS) where fasting or post-prandial glucose levels are chronically above the 

normal range without reaching those diagnostic of DM;57, 58 and 3) Insulin resistance (IR), a 

metabolic trait that predisposes to PDS and type 2 DM, the most prevalent form of DM in 

the general adult population.56

The prevalence of post- HCT T2DM ranges between 3.3–17%,13–15, 40, 43, 59, 60 rates that 

are higher than those observed in siblings (7.6% vs. 3.1%)14 or age/gender matched adults 

from the general population (14.3% vs. 11.7%, p=0.04).43 Diabetes also occurred sooner 

than expected in HCT survivors when compared to matched controls from the general 

population.4 The latency period between HCT and DM is highly variable. A trend towards 

worsening glucose tolerance, as evidenced by decreased glucose clearance in response to IV 

challenge testing, was observed as early as 6 months after HCT;61 median time to onset of 

post HCT of DM was 1.9 years (range 0–11 years) in a retrospective study of 1,885 HCT 

recipients.13 The natural history of glucose metabolism dysregulation post HCT is not well 

understood, given the cross-sectional nature of most studies, the complexity and 

heterogeneity of methods used to assess glucose tolerance (fasting labs or oral or IV glucose 

challenge), as well as variations in the methods of reporting DM (patient report, medication 

use or direct assessment) across studies.
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TBI is the most consistent treatment-related risk factor for T2DM and IR post 

HCT.13, 14, 62, 63 Additional risk factors include allogeneic HCT,13, 14 grades II–IV acute 

GvHD,13 cumulative prednisone dose,40 unfavorable dietary habits,43 lower physical 

activity43 and family history of T2DM.59 The contributions of therapeutic exposures prior to 

HCT64 and acute phase hyperglycemia during HCT40 to post-HCT risk of glucose 

metabolism dysregulation are not known. Patients treated with HCT and who developed 

DM, PDS or IR were more likely to experience changes in body composition and fat 

distribution rather than obesity based on body mass index (BMI).50, 62, 63, 65, 66 Such 

differences in the phenotypic presentation are suggestive of a distinct pathophysiology. A 

combination of IR and relatively impaired insulin secretion61, 67 with decreased pancreatic 

volume and beta-cell reserve68 has been shown in patients treated with TBI and this may be 

a potential mechanism for the observed glucose metabolism dysregulation. Decreased 

insulin reserve conjugated with IR and a decrease in lean mass (sarcopenia) naturally occur 

with older age,69 and abnormal glucose tolerance may be among the symptoms of 

accelerated aging and frailty following exposure to cancer treatments.70

The Children’s Oncology Group long-term follow-Up guidelines for survivors of childhood, 

adolescent and young adult cancers (www.survivorshipguidelines.org) recommend 

measuring fasting glucose or HbA1c every 2 years or more frequently in case of impairment 

in patients treated with TBI.37 Screening for abnormal glucose in the general population is 

recommended by the United States Preventive Services Task Force (USPSTF) in overweight 

or obese adults aged 40–70 years.71 It is not clear whether these recommendations are 

appropriate for patients treated with HCT, a population at high risk for CVD, irrespective of 

excess adiposity.

Higher exercise capacity may reduce the risk of cardiovascular events post-HCT.72–74 A 

variety of oral glucose lowering medications (for e.g., metformin, insulin and acarbose) have 

been tested to delay or reduce the progression from PDS to DM and/or decrease CVD risk in 

the general population; however, metformin has been the only agent recommended by the 

ADA.58 No studies have tested pharmacologic interventions in HCT survivors, thus, it 

remains unknown whether diagnosing PDS early and treating these aggressively may 

improve CVD risk in this population.

Research priorities: Hyperglycemia

• Examine the role of non-BMI measures of body composition (e.g. waist/

abdominal circumference) in the study of glucose metabolism in HCT 

recipients.

• Investigate whether changes in glucose tolerance, insulin sensitivity and 

secretion are, along with body composition changes, part of a wider 

phenomenon of accelerated aging and increased CVD risk post HCT.

• Assess the effects of metabolic status and toxicity from therapy give prior to 

HCT

• Identify the ideal time interval for screening using fasting glucose levels.
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• Describe the utility of glucose challenge tests in comparison to fasting labs 

for screening for abnormal glucose metabolism.

• Study the effect of diet and physical activity interventions with or without 

metformin on HCT patients with PDS on delaying the onset of DM and CVD.

Dyslipidemia

Dyslipidemia is a strong and targetable risk factor for coronary heart disease and ischemic 

stroke in the general population75 and its relevance has also been recognized in HCT 

survivors over the last decade.6, 7, 19 The high age-related background prevalence of 

dyslipidemia in the general population,76, 77 however, complicates direct comparison.

The prevalence of dyslipidemia is 2 to 3-fold higher in allo- versus auto-HCT survivors. In a 

retrospective cohort study, allo-HCT recipients had significantly higher risk of new-onset 

dyslipidemia (RR: 2.31; 95% CI, 1.15 to 4.65) compared to auto-HCT recipients.11 In the 

Bone Marrow Transplant Survivor Study (BMTSS), the prevalence estimates at baseline, 1 

and 5 years were 22.8%, 31.3% and 38.8% for auto-HCT survivors versus 12.5%, 36.6% 

and 45.0% for allo-HCT survivors.14 The time to onset of dyslipidemia was also 

significantly shorter for allo-HCT recipients (0.2 years vs 1.6 years, P < .01).14 Once 

established, dyslipidemia tends to be durable. Similar trends have been reported in 

pediatrics, where the risk of de novo dyslipidemia is ~2 to 3-fold higher in allo- when 

compared to auto-HCT recipients (RR: 2.31; 95% CI, 1.15 to 4.65; P =.036). In addition, 

qualitative differences in pediatric dyslipidemia, such as disproportionate elevations of 

triglycerides, have been observed.42, 78–80

Clinical factors associated with post-HCT dyslipidemia include family history, obesity, high-

dose TBI, acute GVHD, chronic GVHD, and chronic liver disease.42, 79, 81 There appear to 

be several mediators of risk, including: inflammation use of immunosuppressive medications 

endocrinopathies, or renal disease.19

Postulated links between GVHD and vascular damage include inflammatory cytokines 

(TNF-α, IL-6), as well as prolonged calcineurin inhibitors and steroids.6, 7 Severe and 

chronic liver GVHD may induce dyslipidemia by intrahepatic cholestasis, bile lipoprotein 

reflux into the circulation and subsequent formation of lipoprotein X.80, 82 However, overt 

clinical chronic GVHD as a risk factor has been disputed,11, 44 suggesting instead that other 

inflammatory mechanisms may be involved. Immunosuppressive drugs such as sirolimus, 

calcineurin inhibitors and glucocorticoids not only increase lipid levels but also lead to 

significant drug-drug interactions with 3-hydroxy-3-methyl-gutaryl (HMG)-CoA reductase 

inhibitors (statins) via the cytochrome p450 pathway.19 Other complications and 

comorbidities in HCT survivors such as DM, hypothyroidism, growth hormone deficiency, 

metabolic syndrome, insulin/leptin resistance, hypogonadism, as well as renal disease such 

as nephrotic syndrome may exacerbate the overall risk of dyslipidemia in HCT survivors.

Precise mechanisms are unknown and likely to be multifactorial with an emphasis on 

inflammation, endothelial injury and immunosuppressive agents. The impact of chronic 
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GVHD is controversial. The intermediary role of the liver is poorly described except in 

instances of severe liver damage by GVHD.

Current guidelines for HCT recipients20 recommend similar screening practices as those 

used for dyslipidemia amongst the general population, starting at 1 year post HCT or earlier 

for those with known vulnerabilities. The USPSTF strongly recommends screening for lipid 

disorders every 5 years in men ≥35 years, women ≥45 years, and persons ≥20 years at 

increased risk for CHD. The National Heart, Lung, and Blood Institute (NHLBI) 

recommends first screening in children between the ages of 9–11 years or earlier in those 

with family history.

A recent international position statement83 focused on the metabolic syndrome advances the 

start of initial monitoring and recommends an initial lipid profile 3 months after HCT. High-

risk patients who have ongoing risk factors (e.g. those on sirolimus, calcineurin inhibitors, or 

corticosteroids), repeat evaluations should occur every 3–6 months.83 However, the optimal 

frequency of monitoring is unknown in HCT patients, and vulnerable subgroups deserving 

special monitoring have yet to be delineated; screening frequency in long term (>5 to 10 

years) survivors are not established. Moreover, screening guidelines that trigger lipid-

lowering therapy are typically based upon guidelines (e.g. Framingham score) developed 

from the general population that may be relatively insensitive in the HCT survivor 

population. Standard fasting lipid panels may fail to detect pathobiologically relevant 

lipoprotein profiles in this population.

Non-pharmacologic lifestyle modifications and correction of any existing endocrinopathy 

are the first step. Statins can be effective for lowering lipid levels.84 There may be 

differences in the propensity of various immunosuppressants (e.g. calcineurin inhibitors vs. 

Sirolimus) to cause dyslipidemia. As such, modification of ongoing immunosuppressive 

therapy may be a viable option for these patients. Future studies to evaluate impact and 

efficacy of statins/fibrates, PCSK9 inhibitors, novel weight loss agents, and bariatric surgery 

are required. Pediatrics is a special population with distinct safety considerations as the 

AHA recommends considering drug therapy for high-risk lipid abnormalities in boys ≥10 

years of age and after onset of menses in girls, preferably after a 6 to 12 month trial of fat- 

and cholesterol-restricted dietary management.85

The measurable impact of aggressive management of elevated lipids on long-term CVD risk 

in HCT survivors is unknown. This is particularly relevant to the pediatric population in 

whom long-term safety considerations are paramount.

Research priorities: Dyslipidemia

• Define subgroups at greatest risk for developing dyslipidemia so that 

strategies can be implemented to uncover mechanisms of disease and to 

optimize treatment.

• Investigate the association between dyslipidemia and inflammation; in this 

context, measure immunomodulatory aspects of lipid-lowering medications 

(eg. statins)
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• Investigate lipoprotein profiles in HCT patients. Specifically examine if: 1) 

there is a distinct dyslipidemic profile in HCT patients that puts them at 

increased CHD risk 2) there are population differences between children and 

adults, or those with renal injury, 3) advanced lipid testing, such as HDL and 

LDL subparticle distribution by nuclear magnetic resonance (NMR) 

spectroscopy could be useful in the diagnosis of patients at risk and or to 

manage their lipid lowering therapy, 4) non-fasting triglycerides or post-

prandial triglyceride-rich particles are better predictors of risk than 

lipoprotein profiles analyzed on fasting samples, 5) functional assays of 

lipoprotein function, such as HDL-mediated cholesterol efflux, predict CHD 

risk, and 6) there are functional defects in HDL that may contribute to 

increase CVD risk.

• Investigate effectiveness of lifestyle and lipid-lowering medications, such as 

statins, on reducing CVD risk in HCT patients.

• Do other alternative lipid-lowering medication, such as fibrates, peroxisome 

proliferator-activated receptor (PPAR) agonists, niacin, and ezetimide, have 

value?

• Explore the interaction between lipid-lowering drugs and various 

immunosuppressant therapies in terms of dyslipidemia and in preventing 

GVHD.

SARCOPENIC OBESITY

Sarcopenic obesity is a condition whereby an individual has both sarcopenia and obesity. 

Sarcopenia is an age related quantitative and qualitative change in skeletal muscle in which 

both strength and mass are decreased. Two International bodies have published formal 

definitions of sarcopenia. The European working group on sarcopenia in older people 

(EWGSOP) defines sarcopenia as a generalized decrease in muscle mass and strength,86 

while the International working group on sarcopenia defines it as a decrease in muscle mass 

and decrease in walking speed.87 The diagnosis of sarcopenia is typically confirmed by 

muscle mass measurement with dual-energy X-ray absorptiometry (DEXA), bioelectrical 

impedance, computerized tomography, or magnetic resonance imaging, depending on local 

availability and purpose (research or clinical) of the diagnosis. Obesity is frequently defined 

in terms of the BMI, although there is increased recognition that distribution of fat (e.g. 

abdominal adiposity or ectopic fat) is relevant to morbidity even in the setting of a normal 

BMI.88–90 There is a paucity of information on the incidence of sarcopenic obesity in HCT 

survivors. That said, sarcopenic obesity is a topic of increasing interest because: 1) there is 

evidence that it is more closely linked to CVD risk than obesity alone,91–93 2) large 

epidemiological studies in non-HCT populations have highlighted the predictive role of 

indirect measures of sarcopenia (e.g. grip strength) on all-cause mortality and cardiovascular 

mortality.94–96
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While there is clear evidence that survivors of pediatric ALL are at increased risk for obesity 

after therapy,97 less is known about the risk of obesity following HCT. In the childhood 

cancer survivor study (CCSS), TBI and by implication HCT was a risk factor for being 

underweight in adulthood.98 That said, while BMI may be normal or reduced after HCT, 

patients may nonetheless have evidence of increase in body fat or abdominal 

obesity.60, 99, 100 In a retrospective study which investigated body composition post HCT in 

82 recipients of allogeneic HCT, there was evidence of a reduction in lean body mass and 

increase in fat percentage compared to normal controls 2–3 years post transplant.101 In a 

subsequent study by Slater and colleagues,72 119 children and young adult HCT survivors 

(mean age at HCT 12.2y) were demonstrated to have a higher percent fat mass and lower 

lean mass with higher fasting insulin compared to sibling controls. Notably, in this latter 

study BMI and waist circumference were not significantly higher than the control group.

There are some pathogenic factors overlapping between sarcopenia and obesity and it has 

been suggested that these two phenomena are not independent, but instead, they are 

functionally linked. Obesity may drive sarcopenia through the release of inflammatory 

molecules (e.g. TNF-alpha and IL-6) from adipose tissue, resulting in decreased muscle 

protein synthesis and increased myofibrillar protein degradation.102, 103 The interplay 

between inflammation, obesity, and sarcopenia may be especially relevant for allogeneic 

HCT survivors with GVHD, potentially resulting in a disproportionately higher risk of 

sarcopenic obesity when compared to other HCT populations.

There currently are no screening recommendations for sarcopenic obesity for HCT 

survivors, nor are there recommendations for the general population. There remain important 

gaps in knowledge with regards to: 1) characterizing the incidence and risk factors for 

sarcopenia and/or sarcopenic obesity following HCT; 2) describing pre-HCT, conditioning, 

and post-HCT risk factors; 3) delineating biologic (e.g. interruption of the growth hormone-

insulin growth factor [GH-IGF] axis) drivers of sarcopenic obesity risk;60, 104, 105 4) 

defining the impact of decreased lean muscle mass and increased percent body fat on all-

cause and CVD-related mortality; and 5) understanding the role of interventions such as 

resistance training,106, 107 diet modification (e.g. increased protein intake), and 

pharmacologic (e.g. metformin) approaches to attenuate lean muscle mass loss after HCT.108

Sarcopenic obesity: research priorities

• Describe longitudinal changes in body composition for adults and children 

undergoing HCT; describing % body fat, BMI, as well as measures of muscle 

mass and strength

• Examine the utility and feasibility of advanced imaging (e.g. MRI) for 

assessment of visceral vs. subcutaneous vs. ectopic fat

• Investigate the association between changes in body composition and HCT-

related outcome (overall survival, relapse- and non-relapse-related outcomes)

• Investigate the association between therapeutic exposures (e.g. radiation, 

chemotherapy, other medications) and post-HCT sarcopenia
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• Examine whether interventions such as exercise (resistance and/or aerobic), or 

dietary modification (e.g. protein intake) can influence fat/muscle mass 

following HCT

Conclusion

Investigations performed to date have shown in a compelling fashion that patients both 

young and old are at significant risk for development of overt CVD in the first decade after 

HCT, along with worsening of CVRFs that will likely result in more significant CVD as 

more time passes after their HCT. Because non-HCT studies of intervention for CVRF have 

shown clear benefits in CVD risk, and there are a number of proven and emerging methods 

of observing or treating CVRFs, there is a compelling case to fund and carry out studies that 

will improve the long term cardiovascular health of HCT survivors. The defined research 

gaps and future study priorities outlined in this document should serve as a starting point for 

researchers and funding agencies to begin to address this critical need.
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Figure 1. 
Health outcomes included in the current initiative, with Venn diagrams representing areas of 

overlap across diseases
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Figure 2. 
Proposed multi-factorial mechanism for accelerated atherogenesis and arterial disease in 

HCT survivors.
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