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Abstract
Advances in transplantation techniques and supportive care strategies have resulted in a significant
improvement in survival of those who have undergone treatment. However, hematopoietic stem
cell transplantation (HSCT) survivors are at risk of developing long-term complications, such as
endocrinopathies, musculoskeletal disorders, cardiopulmonary compromise and subsequent
malignancies. These complications have a direct impact on the morbidity and mortality
experienced by HSCT survivors. Two-thirds of HSCT survivors develop at least one chronic
health condition; while a fifth develop severe or life-threatening conditions. HSCT patients who
have survived for at least 5 years post-transplantation are at a fourfold to ninefold increased risk of
late mortality for as long as 30 years from HSCT, producing an estimated 30% lower life
expectancy compared with the general population. The high burden of morbidity experienced by
HSCT survivors makes it critically important that there is standardized follow-up of HSCT
survivors at high risk for post-HSCT complications. The Center for International Blood and
Marrow Transplant Research/European Group for Blood and Marrow Transplantation/American
Society for Blood and Marrow Transplantation and the Children’s Oncology Group long-term
follow-up guidelines offer such standardized care. Future steps include wider dissemination and
refinement of these guidelines.
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Hematopoietic stem cell transplantation (HSCT) is an established curative option for a
variety of hematological malignancies. Advances in transplantation techniques and
supportive care strategies have resulted in a significant improvement in survival: 70–80% of
those who survive the first 2 years following HSCT are expected to become long-term
survivors [1–3]. However, cure or control of the underlying disease is not accompanied by
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full restoration of health. HSCT survivors are at risk of developing long-term complications,
such as endocrinopathies, musculoskeletal disorders, cardiopulmonary compromise and
subsequent malignancies (summarized in Table 1) [4–14]. These complications have a direct
impact on the morbidity and mortality experienced by HSCT survivors. The high burden of
morbidity experienced by HSCT survivors forms the basis for standardized follow-up of
HSCT survivors at high risk for post-HSCT complications. This article summarizes the
magnitude of risk of key long-term complications experienced by HSCT survivors,
identifying those at increased risk for these complications owing to host characteristics and
therapeutic exposures. The article also describes the current recommendations for follow-up,
patterns of healthcare utilization by the HSCT survivors and adherence to these
recommendations. Finally, the article identifies the need for future research efforts related to
HSCT outcomes, identification of those at highest risk and refinement of the existing
follow-up guidelines so that those at the highest risk are targeted.

Cardiovascular risk factors & cardiac disease
Hematopoietic cell transplantation survivors are at risk for a variety of cardiac and
cardiovascular complications owing to the combined effect of pre-HSCT therapeutic
exposures, transplant-related conditioning and post-HSCT graft-versus-host disease
(GvHD). Furthermore, HSCT recipients are at a 2.3- to 4.0-fold increased risk of death due
to cardiac causes when compared with the general population [1,10].

Late cardiotoxicity includes cardiomyopathy, congestive heart failure (CHF), valvular
dysfunction, arrhythmia and pericarditis. Anthracyclines are the main cause of
cardiomyopathy. Mediastinal radiation can produce inflammation and fibrosis, resulting in
restrictive cardiomyopathy and valvular defects. Fibrosis can also affect the electrical
conduction pathways, causing arrhythmias.

Anthracycline-induced cardiotoxicity is dose dependent and the incidence approaches 26%
in non-HSCT populations treated with doses exceeding 550 mg/m2 [15]. The modifying
effects of female sex, younger age at exposure to anthracyclines and mediastinal radiation
are now well established in survivors of childhood cancer [16,17]. However, less is known
regarding risk factors for CHF in long-term survivors of HSCT. Potential risk factors unique
to HSCT include conditioning with high-dose chemotherapy, total body irradiation (TBI)
and presence of chronic GvHD following allogeneic HSCT. In addition, HSCT survivors are
at increased risk of developing de novo cardiovascular risk factors such as diabetes and
hypertension due, in part, to exposure to TBI, prolonged immunosuppressive therapy
following allogeneic HSCT, or other conditions such as growth hormone deficiency or
hypothyroidism [5,18]. A comprehensive approach to the independent influence of these
cardiovascular risk factors on therapy-associated CHF was undertaken by Armenian et al.
[4]. Using a case–control design, individuals with clinical CHF were identified from a
cohort of 3820 individuals who had survived for 1 year or longer following transplantation
between 1981 and 2006. Controls (without CHF) were matched by age and year of HSCT,
type of HSCT (autologous or allogeneic) and length of follow-up. The mean ejection
fraction was 36.7% (range: 13–53%). Multivariate analysis revealed the following factors to
be independently associated with risk of CHF: female gender (odds ratio [OR]: 2.1; p <
0.01), high-dose (≥250 mg/m2) anthracycline alone (OR: 3.9; p < 0.01) or with chest
radiation (OR: 6.7; p < 0.01) and the presence of multiple post-HSCT comorbidities (OR:
3.0; p < 0.01). Overall survival following CHF was 46.1% at 5 years. These data form the
foundation for identifying high-risk individuals who should undergo targeted surveillance,
as well as the basis for preventive strategies in the form of aggressive management of
comorbidities.
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Another serious complication is the development of therapy-related cardiovascular disease
(CVD) [19,20]. Cardiovascular events including cerebrovascular disease (stroke, transient
ischemic attack [TIA], carotid arterial occlusion or symptomatic lacunar infarcts) and
coronary artery disease (myocardial infarction, atherosclerotic heart disease or angina
pectoris) are prevalent and often occur earlier than would be expected in the general
population [5,21,22]. The cumulative incidence of CVD approaches 23% at 25 years after
HSCT in certain high-risk populations and the incidence appears to increase with time. The
risk of CVD is reported to be greatest among allogeneic HSCT recipients. Factors such as
increasing age, hypertension, diabetes, dyslipidemia, high BMI and male gender are well
recognized as modifiers for CVD in the general population [23,24]. HSCT survivors are
known to be at an increased risk of developing diabetes and hypertension, which potentially
contributes to the risk of CVD in this population [5]. These reports indicate that CVD is a
significant contributor to post-HSCT morbidity and mortality and that the risk of CVD could
potentially be modified by the presence of comorbidities.

However, very few studies have evaluated the role of pre-HSCT therapeutic exposures or
the contribution of comorbidities on the risk of late CVD. Armenian et al. addressed these
gaps in the literature by evaluating the role of pre- and post-HSCT therapeutic exposures
(chemotherapy and radiation), transplant-related conditioning and comorbidities, in the
development of CVD in long-term HSCT survivors, using a nested case–control study
design [25]. Cases were drawn from a cohort of HSCT recipients who had survived for 1
year or more after HSCT performed at City of Hope (CA, USA). Controls (without CVD)
were selected using the following match criteria: age, year of HSCT, type of HSCT and
length of follow-up. A total of 63 cases with late CVD were identified. Of these, 44 (69.8%)
had coronary artery disease and 19 (30.2%) were diagnosed with cerebrovascular events.
Using multivariate logistic regression techniques, the authors identified the presence of
multiple cardiovascular risk factors (≥2 of the following: obesity, dyslipidemia,
hypertension and diabetes) after HSCT to be associated with a 4.6-fold risk of late CVD (p <
0.01). Furthermore, exposure to chest radiation prior to HSCT was associated with a 9.3-fold
risk of coronary artery disease (p = 0.04). Importantly, pre-HSCT chemotherapy and
conditioning-related therapeutic exposures did not increase the risk.

Recommendations for screening
Patients exposed to anthracyclines prior to HSCT should undergo monitoring for late-onset
cardiomyopathy using serial noninvasive testing (echocardiogram) and physical
examination. The frequency of echocardiographic screening can range from annual to every
5 years, depending on cumulative anthracycline dose, age at exposure and treatment with
mediastinal radiation. Pregnant women with prior exposure to anthracyclines should be
monitored closely, since changes in blood volume during the third trimester could add
significant stress to an already compromised myocardium. Survivors who received radiation
involving the heart area should also be monitored for early-onset atherosclerosis. Lifestyles
that promote good heart health should be recommended to all survivors, including a regular
exercise program, dietary recommendations and screening for (and aggressive management
of) dyslipidemia, hypertension and diabetes. Further specific recommendations for
monitoring, based on age and therapeutic exposure, are delineated within the Children’s
Oncology Group (COG) long-term follow-up guidelines [201].

Delayed pulmonary complications
Delayed pulmonary complications are frequent following HSCT and typically include
noninfectious complications as well as infectious complications, related to the compromised
immune system. Noninfectious pulmonary complications include the following:
bronchiolitis obliterans (BO), bronchiolitis obliterans with organizing pneumonia (BOOP)
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and idiopathic pneumonia syndrome [26]. Noninfectious complications usually appear
between 3 months and 2 years after HSCT and are closely related to chronic extensive
GvHD. However, the functional consequences persist for many years. In a cohort of 438
patients surviving for 3 or more months, Patriarca et al. reported the cumulative incidence of
late-onset pulmonary complications to be 10% at 2 years; the cumulative incidence was
15.6% among those diagnosed with chronic GvHD [27]. Furthermore, the overall survival at
5 years was significantly inferior among those with pulmonary complications when
compared with those without. The magnitude of risk and severity of noninfectious
pulmonary complications was worse after unrelated donor HSCT. A retrospective study of
69 allogeneic HSCT recipients demonstrated compromised pulmonary function (primarily
restrictive in nature) from baseline in 45% of the patients. Compromised pulmonary
functions prior to HSCT and presence of chronic GvHD were independently associated with
later decline in function [28]. In children, the cumulative incidence of lung impairment
evaluated in 162 HSCT recipients was 35% and was primarily restrictive in nature. Chronic
GvHD was the major risk factor for reduced lung function [29].

Bronchiolitis obliterans is characterized by a nonspecific inflammatory injury affecting the
small airways. Among 2512 allogeneic HSCT recipients reported in nine studies, the
incidence of BO was 8%. BO is strongly associated with chronic GvHD. Additional factors
shown to be associated with increased risk included the use of peripheral blood stem cells,
exposure to methotrexate for GvHD prophylaxis, older age of the recipient and/or donor at
HSCT, exposure to busulfan for conditioning, prior history of respiratory infection and low
serum immunoglobulin levels [30]. The onset of BO is protracted and typically occurs
approximately 1 year after HSCT. Manifesting as an obstructive defect in the initial stages,
it progresses to peribronchiolar fibrosis, with emergence of restrictive changes [31]. Patients
present with a dry cough, progressive dyspnea and wheezing. High-resolution CT images of
the chest in inspiration and expiration are considered to be the radiologic procedure of
choice to measure the structural alterations in the lung. A characteristic finding in patients
with BO is a mosaic image. This technique carries a sensitivity of 74–91% and specificity of
69–94% [32]. Criteria used to make a clinical diagnosis of BO include:

• Forced expiratory volume in 1 s/forced vital capacity <0.7 and forced expiratory
volume in 1 s <75% of predicted value;

• Evidence of air trapping or small airway thickening or bronchiectasis on high-
resolution computed tomography;

• Absence of respiratory infection [33].

Bronchiolitis obliterans organizing pneumonia is a clinicopathologic syndrome involving
bronchioles, alveolar ducts and alveoli. The syndrome has a cumulative incidence of less
than 2%. It typically presents as an interstitial pneumonia and usually occurs within the first
12 months following HSCT. The clinical presentation in patients is acute, with the sudden
onset of a dry cough, as well as dyspnea and fever. Pulmonary function tests suggest a
restrictive pattern and observations from chest x-rays show peripheral patchy consolidation,
ground glass attenuation and nodular opacities [34]. Definitive diagnosis necessitates
histologic confirmation. Patients with BOOP are more likely to have acute or chronic
GvHD.

Idiopathic pneumonia syndrome usually occurs within the first 4 months after HSCT. Risk
factors include exposure to TBI and pre-HSCT chemotherapy, presence of GvHD and
increasing age at HSCT [35]. Late-onset interstitial pneumonitis occurs several years after
HSCT, typically in patients with severe chronic GvHD of the sclerodermatous cutaneous
variety. A restrictive defect is found on pulmonary function tests [36].
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Recommendations for screening
Monitoring for pulmonary dysfunction in HSCT survivors should include the assessment of
symptoms such as chronic cough or dyspnea. Patients should be warned of the risks of
smoking and exposure to secondhand smoke. It is recommended that pulmonary function
tests and chest x-ray are carried out upon entry into long-term follow-up for at-risk patients
and should be repeated as clinically indicated in symptomatic patients and in those with
subclinical abnormalities identified at screening. Influenza and pneumococcal vaccines are
recommended in survivors at risk for pulmonary compromise.

Endocrine complications
Endocrine complications are among the most common chronic health conditions
encountered following HSCT and include thyroid dysfunction, osteoporosis, metabolic
syndrome, growth impairment and gonadal dysfunction. The risk of these complications is
influenced by pre-HSCT therapeutic exposures, transplantation-related conditioning and
post-transplantation management of GvHD.

Thyroid abnormalities primarily include subclinical and overt hypothyroidism. Subclinical
or compensated hypothyroidism is defined as elevated thyroid-stimulating hormone (TSH)
accompanied by normal T4 levels. On the other hand, overt hypothyroidism is characterized
by low T4 levels accompanied by elevated TSH. The incidence of compensated
hypothyroidism ranges from 25 to 30% with a median latency of 2 years. On the other hand,
the cumulative incidence of overt hypothyroidism ranges from 3.4 to 9% with a latency of
2.7 years. Hypothyroidism is directly related to radiation of the thyroid gland (either as part
of neck/mediastinal radiation or TBI). Younger age increases the risk of hypothyroidism
[37,38].

Hematopoietic cell transplantation recipients are at risk for osteopenia and osteoporosis. The
decreased bone mineral density (BMD) is due to the use of steroids in the treatment of
GvHD [39], the known association of HSCT with growth hormone deficiency [40] and
hypogonadism [41,42], physical inactivity and a diet low in calcium [43]. The incidence of
osteopenia in adults is reported to approach 50% at 4–6 years after HSCT, while the
incidence of osteoporosis approaches 20% at 2 years [44,45]. In a recent retrospective
analysis conducted at a median time of 5 years after HSCT, quantitative computed
tomography demonstrated that 26% of children had osteopenia and 21% had osteoporosis
[46,47]. Mattano found that the average loss in BMD was 6.2–10% in the femoral neck
region and 2–5.7% in the lumbar region and that the most significant loss in BMD occurred
during the first 6 months after HSCT [48]. In their 2004 long-term follow-up study, Schulte
and Beelen demonstrated significant bone loss with nadir BMD for the spine at month 6 and
at month 24 for total body and femoral neck BMD. Spine and total body BMD returned to
baseline at month 48 [42]. Bone mineral loss increases the risk of fractures in the HSCT
population, as it does in the general population. Nontraumatic fractures were observed in
10.6% of the patients within 3 years of HSCT [44].

Metabolic syndrome represents a collection of symptoms including central obesity,
hyperglycemia, dyslipidemia and hypertension and conveys an increased risk of
cardiovascular disease and Type 2 diabetes mellitus. Disturbances of the hypothalamic–
pituitary axis resulting in growth hormone deficiency and hypogonadism play a role in the
development of metabolic syndrome. Chemotherapy and radiation can have direct impact on
the vascular endothelium. Dyslipidemia, glucose intolerance and arterial hypertension can
arise as a consequence of prolonged immunosuppression with cyclosporine, sirolimus,
mycophenolate, tacrolimus and corticosteroids. Data on the prevalence of metabolic
syndrome indicate that 34–49% of adult survivors of HSCT have one or more component of
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metabolic syndrome [18,49]. Adjusting for age, sex, race and BMI, survivors of allogeneic
HSCT are 3.7-times more likely to report diabetes mellitus and 2.1-times more likely to
report hypertension than their siblings [5]. Oudin et al. evaluated the prevalence of and risk
factors for metabolic syndrome in young adults surviving childhood leukemia, treated with
and without HSCT [50]. Among the HSCT recipients, metabolic syndrome was diagnosed in
5.9% of those who did not receive TBI and 18.6% of those who did. HSCT recipients
exposed to TBI were at a 3.9-fold increased risk of developing metabolic syndrome when
compared with those treated with conventional therapy without radiation. Exposure to TBI
was associated with hypertriglyceridemia, low levels of high-density lipoprotein cholesterol
and elevated fasting glucose.

Growth impairment is a frequent complication observed in children after HSCT [51]. While
central damage to the hypothalamic–pituitary axis due to cranial radiation or TBI is the
primary mediator, several modifying factors may be present, including genetic, nutritional,
hormonal (gonadal failure, hypothyroidism) and psychological factors, as well as exposure
to corticosteroids for the management of GvHD and peripheral lesions of the bones,
cartilage and epiphyseal growth plate [52]. Thus, short stature after exposure to TBI could
be due to the direct impairment of growth, by damaging epiphyseal growth plates, or could
be indirect, by decreasing growth hormone secretion or by causing hypogonadism or
hypothyroidism. The final height of the patient conditioned with TBI is significantly lower
than that of the patient conditioned without TBI [53]. The loss of height is more severe in
boys compared with girls. Patient age at exposure to TBI is a significant factor in predicting
adult height. Children younger than 10 years of age at HSCT are at greatest risk for short
stature [54]. Patients conditioned with chemotherapy alone attain final height values within
predicted ranges. Chemaitilly et al. have demonstrated that final height in patients treated
with hyperfractionated TBI is similar to that in patients receiving standard fractionation
[52]; however, the reduction in height in this group is due to a reduction in sitting height,
suggesting impairment of spinal column growth [52].

While growth hormone impairment is the leading cause of growth impairment, the
prevalence varies widely after HSCT, ranging from 20 to 85%. Sanders et al. have
demonstrated a maximum benefit of GH replacement for patients transplanted before 10
years of age and with documented GH deficiency [55]. Although GH replacement therapy is
not associated with an increased risk of relapse of original disease, preliminary evidence
suggests an increased risk of second malignancies [56]. However, these findings need to be
confirmed in additional cohorts.

Gonadal failure is a common endocrine complication observed after HSCT. Pubertal
disturbances after HSCT are caused by radiation -related perturbations of the hypothalamic–
pituitary axis and/or by chemoradiotherapy-related damage to the gonads. The testicular
germinal epithelium (Sertoli cells) is responsible for spermatogenesis and is more sensitive
to radiation and chemotherapy than the testicular Leydig cell component, which is involved
in testosterone secretion. The probability of developing gonadal failure increases with
cumulative doses of gonadotoxic therapies. Recovery of spermatogenesis seems to occur
more frequently in patients receiving lower doses of cyclophosphamide (120 mg/kg) than in
those treated with higher doses (200 mg/kg). Rovo et al. reported that males who are long-
term survivors have a considerable chance of recovering some degree of sperm production
even when treated with TBI, provided that they are under 25 years of age when undergoing
HSCT and that they do not experience chronic GvHD [57,58].

Compared with the testes, the ovaries are more vulnerable to irradiation and chemotherapy.
It has been shown that while approximately 50% of prepubertal girls who underwent
fractionated TBI enter puberty spontaneously and achieve menarche at a normal age, almost
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all female patients who are above 12 years of age when undergoing HSCT show ovarian
failure, probably as a result of a decreased reserve of primordial follicles [59]. It has also
been demonstrated that high-dose busulfan is a significant cause of ovarian failure, even
when it is administered in the prepubertal period [60]. Irreversibility of ovarian function
after HSCT in most patients highlights the necessity of timely hormonal replacement
therapy to prevent osteoporosis and other complications resulting from lack of hormones.

Recommendations for screening
Growth and growth velocity should be measured every 6 months during childhood. Any
deviation beyond the standard deviation score of age- and sex-expected means should
prompt a consultation with the endocrinologist.

Screening for thyroid dysfunction relies on a good medical history and physical
examination, as well as annual thyroid function tests (free thyroxine, THS). Survivors with
abnormalities on screening evaluation should be referred to an endocrinologist for hormone
replacement therapy.

Screening for hypogonadism in males should include establishing an age-appropriate history
and Tanner staging, with particular attention to issues related to libido, impotence or
fertility. Measurement of serum luteinizing hormone, follicle-stimulating hormone and
testosterone levels at 11 years of age has been recommended as a baseline in boys whose
puberty appears to be delayed. Abnormalities in testicular function should prompt a
consultation with the endocrinologist. Screening for ovarian dysfunction in females involves
establishing a history (primary or secondary amenorrhea, menstrual irregularity, and
pregnancies or difficulties in becoming pregnant), Tanner staging and serum gonadotropin
and estradiol levels. For patients who show no clinical evidence of puberty, baseline
hormone levels should be obtained at the expected time of onset of puberty in order to assess
the need for hormone therapy to induce puberty.

Fertility
Permanent gonadal damage and infertility are known toxicities of preparative regimens used
for patients undergoing HSCT [13,61–63]. Using a retrospective study design, Carter et al.
described the extent of compromise in reproductive function as well as pregnancy outcomes
in 619 women and partners of men treated with autologous (n = 241) or allogeneic (n = 378)
HSCT between 21 and 45 years of age who had survived for 2 years or longer [64]. Older
age at transplantation (≥30 years; OR: 4.8), female sex (OR: 3.0) and exposure to TBI (OR:
3.3) were associated with an increased risk for infertility. While HSCT survivors were 36-
times more likely to not report a conception when compared with age- and sex-matched
siblings, they did not differ from siblings with respect to risk of miscarriage or stillbirth
(OR: 0.7).

Infertility should be regarded as a late effect of significant concern as it has the potential to
influence various medical and quality of life (QOL) aspects of survivorship. In fact, some
survivors have reported that dealing with their loss of fertility was as painful as confronting
cancer [65,66]. Although HSCT survivors are at an extremely high risk for infertility
secondary to gonadotoxic myeloablative therapy, survivor fertility status cannot be
definitely known without testing. Hammond et al. described the fertility status and the
prevalence of risk factors for elevated infertility concern in 10-year adult cancer survivors
who had been treated with myeloablative HSCT [67]. The majority of survivors under the
age of 40 years (54%) were shown to express elevated infertility concern. Survivors without
children before HSCT had greater risk for elevated concern after 10 years (OR: 3.4; p =
0.05).
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The high prevalence of infertility and the high rate of infertility- related concerns among
cancer survivors increases the need for transplanters to discuss fertility-preserving options
prior to HSCT with prospective HSCT recipients and for healthcare providers taking care of
long-term HSCT survivors to provide family-building options and psychosocial support to
those at risk.

Musculoskeletal complications
Musculoskeletal symptoms are prevalent and persist among HSCT survivors. Syrjala et al.
reported that 35% of the those treated with HSCT who had survived for 10 years or longer
had one or more musculoskeletal symptoms, compared with 17% of the matched controls
[68]. Survivors of childhood HSCT were more likely to report muscle weakness (5.5 vs
1.6% of the controls) and pain (21 vs 10%) [69]. Muscle weakness was shown to be strongly
associated with a positive history of chronic GvHD.

Avascular necrosis (AVN) of the bone is a debilitating and painful condition that develops
when the blood supply to the bone is disturbed, usually in areas with terminal circulation.
AVN has been reported to be a complication of HSCT, which can cause significant
morbidity and often requires surgery. Campbell et al. followed 1346 HSCT survivors to
assess the development of AVN [70]. The cumulative incidence of AVN was shown to be
almost 2.9% at 10 years following autologous HSCT, 5.4% after allogeneic matched-related
donor HSCT and 15% after unrelated donor HSCT (Figure 1). Among recipients of
allogeneic HSCT, males (relative risk [RR]: 2.1), those with chronic GvHD (RR: 2.2) and
those exposed to cyclosporine, FK506, prednisone and mycophenolate mofetil (MMF) were
at increased risk.

Recommendations for screening
Clinical anticipation in at-risk survivors, in the form of building up a careful history and a
thorough physical examination are the cornerstone of screening. Success with interventions
(including the use of calcium supplementation, calcitonin, bisphosphonates and hormone
replacement in patients with gonadal failure) suggests a need for baseline dual-emission x-
ray absorptiometry or quantitative CT scans with repeat studies as clinically indicated.

Chronic kidney disease
Renal dysfunction has long been recognized as a complication of HSCT [71–77]. Previous
studies have been limited by small sample sizes and relatively short follow-up periods
following HSCT [78], thus restricting their ability to describe the magnitude of risk and to
adequately evaluate the contribution of various nephrotoxic exposures, in addition to host
and demographic factors, to the development of delayed chronic kidney disease. Choi et al.
addressed these limitations by evaluating the risk of delayed chronic kidney disease in 1190
HSCT survivors followed for a median of 7 years [7]. Presence of chronic kidney disease
was defined as a persistent elevation of serum creatinine indicating a glomerular filtration
rate of less than 60 ml per minute per 1.73 m2 for at least 3 months. Using this definition, a
total of 60 patients with chronic kidney disease were identified, conferring a cumulative
incidence of 4.4% at 5 years for the entire cohort; the cumulative incidence was 3.8% among
autologous HSCT recipients, 4.5% for matched sibling HSCT recipients and 10% for
unrelated donor HSCT recipients. For every 5-year increment in age at HSCT the risk of
chronic kidney disease increased by 33%. In addition, exposure to cyclosporine without
tacrolimus (RR: 1.9) or with tacrolimus (RR: 4.6) and a primary diagnosis of multiple
myeloma (RR: 2.5) were associated with an increased risk of delayed chronic kidney
disease. Older patients exposed to calcineurin inhibitors were at the highest risk (Figure 2).
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Recommendations for screening
Patients at risk for chronic kidney disease should be monitored with evaluation of serum
creatinine, blood urea nitrogen and serum chemistries at entry into long-term follow-up; this
should be repeated as clinically indicated. Urinalysis and measurement of blood pressure
should be performed at baseline and annually thereafter. Patients at risk for chronic kidney
disease should be cautioned to avoid nephrotoxic agents (e.g., ibuprofen, aminoglycosides)
and to seek early intervention for urinary tract infections.

Visual impairments
Cataracts are a well-described complication in HSCT survivors. Among survivors of HSCT
performed in childhood, the cumulative incidence of cataracts was shown to be 36% at 15
years post-HSCT [69]. Cataracts were confined to patients who had received TBI for
conditioning or cranial irradiation prior to HSCT. Survivors of allogeneic HSCT were more
likely to report a cataract (cumulative incidence: 40% at 15 years), when compared with
autologous HSCT recipients (cumulative incidence: 21%). Furthermore, among allogeneic
HSCT recipients, those with chronic GvHD were more likely to report a cataract
(cumulative incidence: 46% at 15 years). When the analysis was limited to the patients who
had received TBI, no difference in cataract incidence was observed by transplant type or by
history of chronic GvHD.

The association between cataract formation and exposure to ionizing radiation has been
recognized since the late 19th Century. Following HSCT, it is very well known that TBI-
based conditioning regimens are more cataractogenic [79–81]. Besides TBI-related
parameters such as total dose, fractionation or dose rate [79,82–85], other risk factors
include age, sex, steroid administration and pre-HSCT cranial irradiation [80,83].

Recommendations for screening
Patients at risk for cataracts should undergo annual fundoscopic examination and assessment
for visual acuity. Surgical interventions (cataract extraction or photocoagulation) may be
indicated, with preservation of the sight being the overall goal.

Subsequent malignant neoplasms
An important and potentially devastating complication of HSCT is the occurrence of SMNs.
The magnitude of risk of subsequent malignant neoplasms (SMNs) after HSCT ranges from
four- to 11-fold of the general population. Several host and clinical factors are associated
with an increased risk of SMNs after HSCT. These include age at HSCT, pre-HSCT
exposure to chemotherapy and radiation, exposure to TBI as part of conditioning, infection
with oncogenic viruses (Epstein–Barr virus [EBV] and hepatitis B and C viruses), prolonged
immunosuppression after HSCT, autologous versus allogeneic HSCT and original cancer
[86,87].

Inherent heterogeneity among the SMNs due to varying clinicopathologic characteristics
prevents measurement of risk factors in aggregate. It is for this reason that SMNs are
conventionally classified into three groups [87]:

• Therapy-related myelodysplasia (t-MDS) and therapy-related acute myeloid
leukemia (t-AML)

• Lymphoma

• Solid nonhematopoietic tumors
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t-MDS/AML
Typically, t-MDS/AML and lymphoma develop soon after HSCT; secondary solid tumors
have a longer latency (Figure 3).

Therapy-related myelodysplasia/acute myeloid leukemia are now the major cause of
nonrelapse mortality in patients undergoing autologous HSCT for patients with a primary
diagnosis of Hodgkin’s lymphoma (HL) or non-Hodgkin’s lymphoma (NHL) [2,88]. The
cumulative probability of t-MDS/t-AML ranges from 1.1% at 20 months to 24.3% at 43
months after autologous HSCT, with a median latency of 12–24 months after HSCT (range:
4 months–6 years). Using the WHO classification, two types of t-MDS/t-AML are
recognized, closely related to the therapeutic exposure: alkylating agent/radiation and
topoisomerase II inhibitor [89]. The alkylating agent-related t-MDS/t-AML typically
develops 4–7 years after exposure. Cytopenias are common. Approximately 65% of the
patients present with MDS; the remaining present with AML but carry myelodysplastic
features. Abnormalities involving chromosomes 5 (−5/del[5q]) and 7 (−7/del[7q]) are
frequently observed. AML secondary to topoisomerase II inhibitors presents as overt
leukemia, without a preceding myelodysplastic phase. The latency is brief, ranging from 6
months to 5 years and is associated with balanced translocations involving chromosome
bands 11q23 or 21q22.

The common and nonspecific nature of cytopenias after autologous HSCT has resulted in
the development of criteria for diagnosing t-MDS/t-AML after HSCT. These include
myelodysplasia in two or more cell lines, cytopenias with no medical explanation and blasts
in the bone marrow using the French–American–British classification [90]. Often, patients
may not present with blasts in the bone marrow and so evidence for clonal cytogenetic
abnormality in addition to dysplasia may help in making the diagnosis.

Several studies have described an increased risk of t-MDS/t-AML with older age at HSCT
[86], pretransplantation therapy with alkylating agents, topoisomerase II inhibitors and
radiation therapy [88], use of peripheral blood hematopoietic cells, stem cell mobilization
with etoposide, difficult stem cell harvests, conditioning with TBI, number of CD34+ cells
infused and a history of multiple transplants [86,88].The diagnosis of t-MDS/t-AML after
autologous HSCT confers a uniformly poor prognosis, with a median survival of 6 months
in patients treated with conventional chemotherapy. Allogeneic HSCT has been attempted
with actuarial survival ranging from between 0 and 24% at 3 years [91]. Male sex, increased
age (over 37 years), positive recipient cytomegalovirus serology, absence of complete
response at HSCT and intensive conditioning schedules were independently associated with
poor outcome [92]. Among t-MDS/t-AML patients with balanced aberrations, 11q23
translocations are an independent adverse risk factor [93]. Treatment-related mortality
(TRM) and relapse were reported to be 41 and 27% at 1 year and 48 and 31% at 5 years,
respectively, in a large cohort of patients undergoing allogeneic HSCT [94]. Disease-free
survival (DFS) and overall survival (OS) were 32 and 37% at 1 year and 21 and 22% at 5
years, respectively. It was demonstrated that age above 35 years, poor-risk cytogenetics, t-
AML not in remission or advanced t-MDS, and a donor who was not an HLA-identical
sibling or a partially or well-matched unrelated donor had adverse impacts on DFS and OS.
It was demonstarted that 5-year survival for subjects with none, one, two, three or four of
these risk factors was 50, 26, 21, 10 and 4%, respectively. These studies show that despite
the significant TRM, the DFS was improved when transplantation was performed earlier in
the progress of disease because it resulted in a lower relapse rate. These data also help
identify subjects more likely to benefit from allogeneic transplantation. It is important to
closely monitor patients at risk for the development of t-MDS/t-AML in order to identify the
disease as early as possible. Prompt transplantation should be considered after diagnosis of
t-MDS/t-AML. Innovative transplantation strategies are needed to reduce the high risk of
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relapse and nonrelapse mortality. Owing to the fact that the poor outcomes of allogeneic
transplant for t-MDS/t-AML are associated with the high risk of TRM, it is important to
consider the role of reduced-intensity conditioning approaches in this setting.

Lymphoma
Post-transplantation lymphoproliferative disorder (PTLD) is the most common SMN in the
first year following allogeneic T-cell-depleted HSCT and is associated with a compromised
immune status and EBV infection [95]. The risk of PTLD is strongly associated with T-cell
depletion of the donor marrow, anti-thymocyte globulin use, unrelated or HLA-mismatched
grafts, presence of acute or chronic GvHD, older age at HSCT and multiple transplants. The
cumulative incidence is low (0.2%) among patients with no major risk factors, but increased
to 1.1, 3.6 and 8.1% with one, two and more than three major risk factors, respectively. The
large majority of the PTLDs have a B-cell origin. The more recent use of nonmyeloablative
therapy coupled with highly immunosuppressive therapy needs close observation to monitor
for the development of PTLD. Therapeutic options available for these patients include B-
cell-specific monoclonal antibodies and cellular therapy. Anti-CD20 monoclonal antibody
(rituximab) has been used with success in patients with PTLD, especially in the early stage
of disease, based on increasing EBV load.

Late-occurring lymphoma is clinically distinct from PTLD [96], and is associated with
extensive chronic GvHD. HL has also been described after HSCT [97]. The most common
subtype is mixed cellularity and most of the cases contain the EBV genome. Late-occurring
lymphoma is not associated with risk factors typically associated with EBV-PTLD; it is
characterized by a later onset (>2.5 years) and a relatively good prognosis.

The magnitude of risk of solid tumors exceeds that of an age- and sex-matched general
population by twofold [11,98,99]. Rizzo et al. reported the risk of solid tumors in a multi-
institutional cohort of 28,874 allogeneic HSCT recipients [11]. While the overall risk of
solid malignancies is twofold that of the general population, the risk reaches threefold
among patients followed for 15 or more years after HSCT [11]. Solid tumors are
unequivocally related to radiation therapy used to treat the primary cancer and typically have
a long latency. The risk is high among those exposed to irradiation at a young age. Rizzo et
al. demonstrated that the risk of developing a nonsquamous cell carcinoma following
conditioning radiation is dependent on age at exposure to radiation [11]. Thus, among
patients exposed to radiation at less than 30 years of age, the risk is ninefold that of the
general population, while for those older than 30 years of age when exposed, it approaches
that of the general population.

Immunologic alterations predispose patients to squamous cell carcinoma (SCC) of the
buccal cavity, hence the association with chronic GvHD [100]. In patients with prolonged
immunosuppression, oncogenic viruses such as human papillomavirus contribute to SCC of
the skin and buccal mucosa [100]. Solid tumors commonly observed after HSCT include
melanoma, and cancers of the oral cavity and salivary glands, brain, liver, cervix, thyroid,
breast, bone and connective tissue [11,98].

Nonhematopoietic tumors
Skin cancer—Among allogeneic HSCT recipients, the incidence of basal cell carcinoma
(BCC) is 6.5% at 20 years, while that for SCC is 3.4% [100]. TBI increases the risk of BCC,
especially in younger patients. SCC risk is increased among patients with acute GvHD,
while chronic GvHD is associated with both BCC and SCC [101].
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Breast cancer—The 25-year cumulative incidence of breast cancer is reported to be 11%
after allogeneic HSCT [102]. Allogeneic HSCT survivors are at a 2.2-fold increased risk of
developing breast cancer when compared with the age- and sex-matched general population.
The median latency from HSCT to diagnosis of breast cancer is 12.5 years. The incidence is
higher among those exposed to TBI (17%) than among those who did not receive TBI (3%).
The risk is increased among those exposed to TBI at a younger age.

Thyroid cancer—Hematopoietic cell transplantation recipients are at a 3.3-fold increased
risk of thyroid cancer, when compared with the age-and sex-matched general population
[103]. An age of younger than 10 years at HSCT, neck radiation, female sex and chronic
GvHD are associated with an increased risk of thyroid cancer. Thyroid cancer develops after
a latency of 8.5 years and is associated with an excellent outcome.

Recommendations for screening
Close monitoring is important for those at risk. The period at risk for therapy-related
leukemia usually extends to 10 years after HSCT. Recommendations include monitoring
with annual complete blood count for 10 years after autologous HSCT. Screening
recommendations for radiation-related second cancers include careful physical examination
of the skin and underlying tissues in the radiation field. Since outcome after treatment for
breast cancer is closely linked to stage at diagnosis, close surveillance in order to promote
early diagnosis should confer a survival advantage. The COG recommendations for those at
risk (i.e., radiation doses of 20 Gy or higher to the mantle, mediastinal, whole lung and
axillary fields) include: monthly self-examination of the breast beginning at puberty; annual
clinical breast examinations beginning at puberty until the age of 25 years; and clinical
breast examinations every 6 months, with annual mammograms and MRIs beginning 8 years
after radiation or at age 25 (whichever occurs later). Screening of those at risk for early
onset colorectal cancer (i.e., radiation doses of 30 Gy or higher to the abdomen, pelvis or
spine) should include colonoscopy every 5 years beginning at 35 years of age or 10 years
following radiation (whichever occurs later).

Chronic disease burden after HSCT
As described previously, HSCT survivors are at risk for developing long-term complications
such as endocrinopathies, musculoskeletal disorders, cardiopulmonary compromise and
SMNs. Previous reports had conventionally focused on specific complications, providing
insight into their etiology and pathogenesis and identifying individuals at increased risk, so
that targeted surveillance and interventions can be instituted to reduce morbidity and
mortality. The burden of morbidity resulting from the cumulative impact of these individual
complications was examined recently. Sun et al. described the risk of chronic health
conditions among 1022 HSCT survivors and 309 siblings [104]. The Common Terminology
Criteria for Adverse Events, (Version 3.0) was used to assign severity score (grades 1 [mild]
to 4 [life-threatening]) to each health condition. Two-thirds of the HSCT survivors had at
least one chronic health condition; a fifth developed severe/life-threatening conditions. By
comparison, 39% of the siblings developed at least one chronic health condition and 8%
developed life-threatening conditions (p < 0.001). The cumulative incidence of a chronic
health condition was 59% at 10 years after HSCT. For severe/life-threatening conditions, the
10-year cumulative incidence approached 35% (Figure 4). HSCT survivors were twice as
likely as siblings to develop a chronic condition and 3.5-times as likely to develop severe/
life-threatening conditions. HSCT survivors with chronic GvHD were 4.7-times as likely to
develop severe/life-threatening conditions. HSCT survivors were more likely to report
gastrointestinal, musculoskeletal and cardiovascular problems compared with an age-,
gender- and race-adjusted sibling group.

Bhatia Page 12

Expert Rev Hematol. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Syrjala et al. described the health problems experienced by 10-year survivors of HSCT [68].
Survivors reported twice as many medical problems when compared with controls (p <
0.001). Survivors were more likely to report more musculoskeletal symptoms, cataract
surgery, liver problems, sexual problems, memory and attention concerns (p = 0.003),
urinary symptoms and use of psychotropic medication.

Understanding the burden of morbidity after HSCT is important for a variety of reasons. It is
important to the healthcare providers and policy makers in identifying and procuring
resources for the long-term care of individuals with a high burden of morbidity; to the
researchers in identifying common etiologic pathways that increase the risk of overall
morbidity; and to the HSCT survivors in making informed decisions regarding the long-term
QOL concerns after HSCT.

Late mortality
The high burden of morbidity carried by HSCT recipients can result in premature death.
Several studies have examined late mortality in patients undergoing allogeneic or autologous
HSCT and are summarized here. Late mortality was evaluated in a cohort of 854 individuals
who had survived for 2 or more years after autologous HSCT for hematologic malignancies
[2]. The OS was 68.8% at 10 years (Figure 5A) and the cohort was at a 13-fold increased
risk for premature death compared with the general population. Relapse of primary disease
(56%) and SMNs (25%) were leading causes of premature death. Compared with patients
with AML, relapse-related mortality was increased among patients with HL (RR: 3.6), NHL
(RR: 2.1) and ALL (RR: 6.5). TBI provided a protective effect (RR: 0.6). Nonrelapse-
related mortality was increased after carmustine treatment (RR: 2.3) and with the use of
peripheral blood stem cells (RR: 2.4). Subsequent malignancies accounted for a 12-fold
higher mortality rate than that expected in the general population; pulmonary dysfunction
accounted for a 5.6-fold increased risk; and cardiac compromise a 4.4-fold increased risk.

Late mortality experience was also evaluated in 1479 individuals who had survived for 2
years or longer after allogeneic HSCT [1]. It was demonstrated that the conditional survival
probability at 15 years after HSCT was 80.2% for those individuals who were disease free at
entry into the cohort (Figure 5B), with a relative mortality of 9.9. Relapse of primary disease
(29%) and chronic GvHD (22%) were the main causes of premature death. Nonrelapse-
related mortality was greater among patients who were over 18 years of age when
undergoing HSCT, as well as among those with chronic GvHD (RR: 2.7) and was reduced
among individuals who received methotrexate for GvHD prophylaxis (RR: 0.5). Compared
with the general population, allogeneic HSCT recipients were 3.6-times more likely to have
died of a SNM, 15.1-times more likely to have died of pulmonary dysfunction and 3.6-times
more likely to have died of a cardiac compromise.

Wingard et al. followed a cohort of 10,632 allogeneic HSCT recipients who survived 2 or
more years after HSCT [105]. With a median follow-up of 9 years, the probability of being
alive 10 years after HSCT approached 85%. Relapse was the major cause of death. Major
causes for nonrelapse-related mortality included older age and GvHD. In a recent cohort
study of 2574 patients who had survived for at least 5 years after allogeneic or autologous
HSCT without recurrence of the original disease, Martin et al. evaluated mortality, projected
life expectancy and cause of death [106]. The estimated survival of the cohort at 20 years
follow-up after HSCT was 80.4%. Mortality rates were four- to ninefold higher than
expected in the population for at least 30 years following HSCT, producing an estimated
lower life expectancy of 30% compared with the general population, regardless of current
age. Leading causes of the higher mortality rate were SMNs and recurrent diseases, followed
by infections, chronic GvHD, respiratory disease and cardiovascular disease.
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In summary, patients who have survived for 2–5 years after HSCT without recurrence of
original disease have a high probability of surviving for an additional 15 years. However,
life expectancy is not fully restored to the level seen in the normal population.

Health behaviors of long-term survivors of HSCT
The high burden of morbidity carried by HSCT survivors necessitates that the survivors
engage in health promotion as well as prevention and screening behaviors after HSCT.
Bishop et al. evaluated the health and screening patterns of HSCT survivors and
demonstrated that HSCT survivors had health and screening behaviors simlar to matched
controls [107]. Armenian et al. described health behaviors and cancer screening practices in
a cohort consisting of 1040 HSCT survivors [108]. High-risk health behaviors included
current smoker status and ‘risky’ alcohol intake (≥four drinks/day in males and ≥three
drinks/day in females). American Cancer Society recommendations were utilized to assess
cancer screening practices. Survivors were more likely to have received a mammogram
(OR: 2.8; p = 0.05) than their siblings. Furthermore, HSCT survivors were less likely to
indulge in high-risk behavior (OR: 0.5; p < 0.01) than their siblings. In the ana lysis
restricted to HSCT survivors, patients younger than 35 years of age at study participation
(OR: 4.7; p < 0.01) and those with lower educational status (educated to less than college
level: OR: 2.1; p < 0.01) were more likely to demonstrate high-risk behavior.

In summary, HSCT survivors had comparable cervical and testicular cancer screening
practices, were more likely to have had breast cancer screening by mammography and were
less likely to be engaged in high-risk behaviors when compared with healthy sibling
controls. However, despite potential long-term risks, certain subsets of survivors continue to
engage in high-risk behaviors such as smoking and excessive alcohol intake, indicating the
need for targeted interventions for these high-risk populations. Continued vigilance in
encouraging appropriate cancer screening and healthy behaviors for HSCT survivors is
critical.

Healthcare utilization by HSCT survivors
Exposure to high-intensity therapy combined with prolonged immune suppression after
HSCT increase the risk of adverse sequelae and hence the healthcare needs of survivors.
Shankar et al. described healthcare utilization reported by 845 long-term survivors and
examined subpopulations at increased risk for lack of utilization [109]. In this cohort, 98%
of allogeneic HSCT recipients and 94% of autologous HSCT recipients reported medical
contact a decade after HSCT. While cancer-related visits decreased with time from HSCT,
the prevalence of general physical examinations increased. This study demonstrates that
primary physicians assume increasing responsibility for providing healthcare for long-term
HSCT survivors, thus making it critical that there are standardized guidelines for follow-up
of these survivors.

Long-term follow-up guidelines
The Center for International Blood and Marrow Transplantation Research (CIBMTR),
European Group for Blood and Marrow Transplantation (EBMT) and American Society for
Bone Marrow Transplantation (ASBMT) have developed recommendations to offer care
providers suggested screening and prevention practices for autologous and allogeneic HSCT
survivors [110]. These recommendations concentrate on risks faced by patients beyond 6
months after transplantation. Most of these recommendations are derived from studies that
have identified specific complications in long-term survivors and the risk factors associated
with them. The recommendations are organized (and driven) by tissue or organ system, with
details regarding potential late effects, the known risk factors and recommendations for
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monitoring tests and preventive measures. The recommendations are also organized by time
after HSCT – detailing suggested recommendations at 6 months, 1 year and then annually.

Comprehensive guidelines for follow-up of pediatric cancer survivors (including patients
who have been treated with HSCT) have been developed by the COG and can be found at
[201]. The overall goal is early identification of treatment-related complications, potentially
allowing for early intervention with resultant reduction in morbidity and mortality and
attendant reduction in healthcare costs. The guidelines are evidence based (utilizing
established associations between therapeutic exposures and late effects to identify high-risk
categories) and consensus based (matching the magnitude of risk of complications with
intensity of screening). Since treatment exposures vary by primary diagnosis, HSCT type,
patient age and treatment era, a therapy-based approach was chosen. These guidelines have
been developed as a resource for clinicians who provide ongoing healthcare to HSCT
survivors. The COG guidelines are intended for use beginning 2 or more years after
completion of therapy and provide a framework for monitoring of late effects in survivors.
The recommendations for periodic screening evaluations provided in these guidelines are
appropriate for asymptomatic survivors who present for routine medical follow-up. Box 1
gives an overview of the key areas covered in the guidelines. The major difference between
the COG guidelines and those developed by EBMT/CIBMTR/ASBMT is the fact that the
former utilize the cumulative therapeutic exposures to generate a tailored list of potential
late effects and the recommended screening for early detection of those late effects. The
intensity of screening is determined by whether the patient is at standard risk or increased
risk owing to cumulative therapeutic exposures and/or host/demographic characteristics.
This provides a greater level of granularity and specificity to the screening that the patient
undergoes and therefore eliminates the possibility of over- or under-screening.

Box 1. Key components of guidelines for long-term follow-up of survivors

• Therapeutic agent: all major therapeutic agents used in the treatment including
pre-HSCT chemotherapy, radiation, surgery and transfusions as well as HSCT-
related preparative regimens

• Potential late effects: sequelae observed after treatment potentially resulting
from pre-HSCT therapy, preparative regimens used for HSCT or as a result of
post-HSCT events (psychosocial, dermatologic, ocular, audiologic, oral,
craniofacial, cardiovascular, pulmonary, hepatic, gastrointestinal, renal,
musculoskeletal, neurological, endocrine, reproductive, immune reconstitution
and risk of infection, as well as secondary malignant neoplasms)

• Potential risk factors

– Host factors (sex, age at therapeutic exposure, genetic
predisposition, ethnicity) Medical conditions (premorbid/comorbid
conditions)

– Therapeutic exposures (cumulative dose)

– Health behaviors (diet, smoking, exercise)

• Highest risk categories: host factors, treatment factors, medical conditions,
genetic predisposition

• Periodic evaluations: health history, clinical examinations, laboratory ana lysis,
diagnostic imaging, psychosocial assessment
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• Minimum recommended frequency: baseline and periodic testing and
recommendations based on risk factors and magnitude of risk (supported by
literature and clinical experience)

• Health protective counseling: to prevent/reduce risk of complications and
promote early detection

• General healthcare: linked to recommendations as per US Preventive Services
Task Force [202]

• Cancer screening guidelines: based on American Cancer Society
recommendations for standard risk. For increased risk of subsequent malignant
neoplasm (therapeutic exposures, family history orpremorbid/comorbid
conditions), modified guidelines tailored to the magnitude of risk will be
available

HSCT: Hematopoietic stem cell transplantation.

Expert commentary
The high burden of morbidity suffered by HSCT survivors necessitates that strategies be
developed for the prevention or early detection of these complications. However, many
survivors are no longer under the care of transplant centers and community healthcare
providers may be unfamiliar with the unique needs of HSCT survivors. Despite the
differences in approach used by the organizations described above, having a set of
consensus -based guidelines represents a huge first step in standardizing the long-term
follow-up of HSCT survivors. The next important step is to ensure that these guidelines are
disseminated and accepted by the healthcare providers, as well as by the agencies that
reimburse the costs of screening tests. Adherence to these guidelines, the yield from benefit
of recommendations and cost–effectiveness of standardized follow-up of the HSCT
survivors will provide evidence for refinement of these guidelines.

Five-year view
It is abundantly clear that HSCT survivors are at an increased risk for chronic morbidity
many years after HSCT. It is important to follow these survivors in the longterm in order to
determine the lifetime risk of long-term complications. It is also important to understand
how pretransplant therapeutic exposures interact with HSCT-related exposures to increase
the risk of these complications. Over the next few years, it will also become important to
develop a better understanding of the pathogenesis of the adverse outcomes, so that targeted
interventions can be developed.

Learning objectives
Upon completion of this activity, participants will be able to:

• Evaluate cardiovascular diagnoses associated with HSCT.

• Analyze pulmonary, endocrine, musculoskeletal and renal effects of HSCT.

• Perform appropriate screening for chronic illness among survivors of HSCT.

• Distinguish the most significant cause of non-relapse mortality among patients
who received HSCT for lymphoma.

Key issues
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• This article describes the long-term risk of chronic morbidity and premature
mortality among hematopoietic stem cell transplantation (HSCT) patients.

• We need to further our understanding of the contribution of pre-HSCT
exposures, HSCT-related exposures and comorbidities in the development of
adverse events.

• It is necessary to identify those at highest risk of complications.

• There is a need to develop intervention strategies.

• Long-term follow-up guidelines need to be disseminated and refined.
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Figure 1. Cumulative incidence of avascular necrosis by type of hematopoietic stem cell
transplantation
HSCT: Hematopoietic stem cell transplantation.
Adapted with permission from [70].
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Figure 2. Cumulative incidence of chronic kidney disease by age at exposure to calcineurin
inhibitors among allogeneic hematopoietic stem cell transplantation recipients
HSCT: Hematopoietic stem cell transplantation.
Adapted with permission from [7].
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Figure 3. Cumulative incidence of subsequent malignant neoplasms after hematopoietic stem cell
transplantation
(A) Solid tumors. (B) Therapy-related myelodysplasia/acute myeloid leukemia.
BMT: Bone marrow transplantation.
(A) Adapted with permission from [99].
(B) Adapted with permission from [88].
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Figure 4. Cumulative incidence of any chronic health conditions (grades 1–5) and severe or life-
threatening chronic health conditions (grade 3 or 4) or death due to a chronic health condition
(grade 5) after hematopoietic stem cell transplantation
HSCT: Hematopoietic stem cell transplantation.
Adapted with permission from [104].
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Figure 5. Late mortality experience of patients undergoing hematopoietic stem cell
transplantation
(A) Late mortality after autologous HSCT. (B) Late mortality after allogeneic HSCT.
cGVHD: Chronic graft-versus-host disease; HSCT: Hematopoietic stem cell transplantation;
SMN: Subsequent malignant neoplasm; SMR: Standardized mortality ratio.
(A) Adapted with permission from [2].
(B) Adapted with permission from [1].
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Table 1

Commonly occurring long-term complications in survivors of hematopoietic cell transplantation.

Adverse outcome Therapeutic exposures associated with
increased risk

Factors associated with highest risk

Cataracts Cranial irradiation, TBI, steroids Higher radiation dose, combination of steroids and
radiation, single daily fraction

Cardiomyopathy/congestive heart
failure

Pre-HSCT anthracyclines High cumulative doses, females, chest radiation,
post-HSCT comorbidities (diabetes and
hypertension)

Myocardial infarction Pre-HSCT radiation to chest Underlying risk factors for coronary artery disease
(e.g., smoking, hypertension, hyperlipidemia,
obesity)

Pulmonary fibrosis/interstitial
pneumonitis

Pre-HSCT bleomycin, radiation to chest,
carmustine, TBI, chronic GvHD

Younger age at treatment, bleomycin dose
>400 U/m2

Therapy-related myelodysplasia
(after autologous HSCT)

Pre-HSCT alkylating agents, topoisomerase II
inhibitors, radiation, anthracyclines, platinum
compound, use of topoisomerase II inhibitors for
stem cell mobilization

Increasing dose of chemotherapeutic agents, older
age at therapeutic exposure

Thyroid cancer Pre-HSCT radiation to the thyroid gland
(e.g., neck, mantle), TBI

Increasing dose up to 29 Gy, female sex, younger
age at radiation

Skin cancer (basal cell, squamous
cell, melanoma)

Pre-HSCT radiation therapy, chronic GvHD Additional excessive exposure to sun, tanning
booths, males

Hypothyroidism Pre-HSCT radiation to the thyroid gland
(e.g., neck, mantle), TBI

Increasing dose, female sex, older age at treatment

Hypogonadism Pre-HSCT alkylating agents, craniospinal
irradiation, abdomino–pelvic irradiation,
gonadal irradiation, TBI

Treatment during peripubertal or post-pubertal
period in girls, higher cumulative doses of alkylators

Renal insufficiency Pre-HSCT platinum-based therapy, ifosfamide,
high-dose methotrexate, abdominal radiation,
surgery, TBI, calcineurin inhibitors

High-dose chemotherapy, younger age, abdominal
radiation and chemotherapy

Short stature Pre-HSCT cranial irradiation, corticosteroids, TBI Younger age at treatment, cranial radiation dose
>18 Gy, unfractionated (10 Gy) TBI

Osteopenia/osteoporosis Pre-HSCT craniospinal irradiation, gonadal
irradiation, TBI, corticosteroids

Associated hypothyroidism, hypogonadism, growth
hormone deficiency

Avascular necrosis Corticosteroids, high-dose radiation to any
bone, calcineurin inhibitors

Dexamethasone, adolescence, female sex

GvHD: Graft-versus-host disease; HSCT: Hematopoietic stem cell transplantation; TBI: Total body irradiation.
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