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Abstract

Cumulative burden of chronic health conditions and neurocognitive and physical function were 

examined among survivors of childhood acute myeloid leukemia (AML) treated with 

hematopoietic cell transplant (HCT; n=66) or conventional therapy (CT; n=67). Survivors and 

controls underwent a comprehensive clinical assessment, and health conditions were graded using 

a modified version of the Common Terminology Criteria for Adverse Events. By age 40 years, 

HCT and CT survivors had an average 17.4 (95% confidence interval [CI] 14.6–20.1) and 9.3 
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(7.7–11.1) grade 1–4 conditions versus 3.8 (3.3–4.2) in community controls. Compared to 

controls, HCT survivors had a higher prevalence of hypertriglyceridemia (45.5% vs. 18.3%), 

hypercholesterolemia (47.0% vs. 30.9%), hypothyroidism (27.3% vs. 4.0%), and primary 

hypogonadism (p<0.001). CT survivors had a higher prevalence of cardiomyopathy (11.9% vs. 

2.7%) and hypertension (53.7% vs. 44.3%). Neurocognitive impairment was elevated across all 

domains compared to controls but did not differ by treatment modality. Compared to controls, a 

higher proportion of HCT survivors had impairments in strength and endurance; whereas 

flexibility and mobility impairments were noted among CT survivors. Despite successful advances 

in childhood AML therapy, many therapeutic exposures remain unchanged. These findings support 

ongoing investigations of novel therapies and strategies to ameliorate the risk of late morbidities.

Introduction:

Advancements in the treatment of childhood cancer and supportive care have contributed to 

improved 5-year survival rates for children diagnosed with a malignancy.(1) Trends in 

pediatric acute myeloid leukemia (AML) have mirrored this improvement with 70% of 

children living beyond five years.(2, 3) However, while the mortality rates have decreased, a 

significant proportion of cancer survivors remain at risk for late morbidity and mortality 

related to subsequent neoplasms (SNs) and other chronic health conditions.(4, 5) Recent 

reports suggest that survivors will have, on average, 17 chronic health conditions compared 

to nine in controls by the age of 50 years, with over a fourth of those being severe/ disabling, 

life-threatening, or fatal.(6) AML therapy, often more intense than that applied in other 

diagnoses, along with the need for allogeneic hematopoietic cell transplant (HCT) in a 

subset of patients, can have significant impacts on the long-term health of survivors. Studies 

reporting late health outcomes of AML survivors have often been restricted by a limited 

number of assessed outcomes, short post-therapy follow-up, and reliance on self-reported or 

registry-based data.(7–17) Using the well-characterized, clinically-assessed St. Jude 

Lifetime Cohort (SJLIFE), we comprehensively evaluated long-term health outcomes among 

adult survivors of childhood AML by cumulative burden and prevalence of chronic health 

conditions as well as neurocognitive and physical dysfunction.

Materials/ Subjects and Methods:

Study Population:

SJLIFE is a prospectively followed cohort of survivors of childhood cancer designed to 

facilitate longitudinal clinically-assessed health outcomes.(18, 19) This analysis included 

survivors of AML or myelodysplastic syndrome who were treated at St. Jude Children’s 

Research Hospital (SJCRH), ≥10 years from initial diagnosis, and ≥18 years of age at the 

time of evaluation, and who completed an on-campus health evaluation. Assessments 

included history and physical examination, a core laboratory battery, neurocognitive and 

physical function testing, as well as questionnaires detailing demographics, medical history, 

and self-reported health habits and quality of life. Medical records were abstracted for 

cumulative chemotherapy (anthracyclines in doxorubicin equivalent doses(20) and alkylating 

agents in cyclophosphamide equivalent doses (21)) and radiation dose exposures(22) as well 

as major medical events during and after therapy. A control group (n=450) was recruited 
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from among friends and non-first-degree relatives of current or former SJCRH patients who 

might be accompanying or visiting a patient, SJCRH employees, or through advertising 

within the Memphis area, to avoid the possibility of selecting close relatives of SJLIFE 

participants. Informed consent was obtained from all participants and release of outside 

medical records to validate and grade health conditions diagnosed prior to the SJLIFE 

evaluation. The protocol was approved by the SJCRH Institutional Review Board.

Chronic Health Conditions:

A modified version of the National Cancer Institute’s Common Terminology Criteria for 

Adverse Events (CTCAE) v4.03 was used to define and grade the severity of 168 chronic 

health conditions grouped by organ systems.(23) Grades were defined as asymptomatic or 

mild (grade 1), moderate requiring minimal non-invasive intervention (grade 2), severe/ 

disabling (grade 3), or life-threatening requiring urgent intervention (grade 4).

Neurocognitive Impairment:

Neurocognitive assessments, performed by certified examiners under the general supervision 

of a board-certified neuropsychologist, measured attention, memory, processing speed, and 

executive function. Age-adjusted Z-scores ≤ −1 and > −2 (SD) were considered mildly 

impaired (grade 1), ≤ −2 and > −3 SD moderate (grade 2), and ≤ −3 SD severe (grade 3). 

Attention was assessed using Trail Making Test Part A (focused attention)(24) and Conners’ 

Continuous Performance Test-II (sustained/ variability attention).(25) Memory was assessed 

using Visual Selective Reminding (new visual learning)(26), California Verbal Learning 

Test-II (new verbal learning, short-term recall, long-term recall)(27), and Wechsler Digital 

Span Forward (span).(28) Grooved Pegboard Test(24) was used for motor processing speed 

and Wechsler Symbol Search and Digit Symbol (28) were used for visual and visual-motor 

processing speed assessment. Executive function was evaluated using Trail Making Test Part 

B (cognitive flexibility)(24), Controlled Oral Word Association Test (cognitive fluency)(24), 

and Wechsler Digit Span Backward (working memory).(28) (Supplementary Table S1)

Functional Impairment:

Functional status was assessed by an exercise physiologist in six domains: aerobic function 

(Six-Minute Walk(29), Physiologic Cost Index), mobility (Timed Up and Go(30)), strength 

(hand grip strength(31), knee extension at 60°/second(32)), endurance (knee extension at 

300°/second(32)), flexibility (passive dorsiflexion, active dorsiflexion(33), Sit and Reach 

Test(34)), and balance (Sensory Organization Test(35), vestibular score) (Supplementary 

Table S2). Impairment in survivors was defined as >1.5 SD below the age-, gender-matched 

Z-score for controls.

Statistical Analysis:

Chi-square test and two-sample t-test were used as appropriate to compare baseline 

characteristics between survivor participants and non-participants and survivors treated with 

HCT, conventional therapy (CT), and controls.

Cumulative burden of grades 1–4 and 2–4 conditions was calculated using the mean 

cumulative count, accounting for competing risk and clinical differences in recurrency 
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between different chronic conditions.(36, 37) Adjusted multinomial logistic regression was 

used to compare the prevalence of the most common conditions between survivors and 

community controls, namely cardiovascular (cardiomyopathy, hypertension, 

hypertriglyceridemia, hypercholesterolemia), endocrine/ metabolic (adult growth hormone 

deficiency, primary hypothyroidism, abnormal glucose metabolism, obesity), reproductive 

(Leydig cell insufficiency and abnormal sperm concentration in males, premature ovarian 

failure in females), gastrointestinal (liver fibrosis), musculoskeletal (low bone mineral 

density, osteonecrosis), neurologic (motor and sensory neuropathy), pulmonary (forced 

expiratory volume in one second [FEV1] <80% predicted, total lung capacity [TLC] <75% 

predicted, diffusion capacity of lung for carbon monoxide corrected for hemoglobin 

[DLCOcorr] <75% predicted), and ocular (cataract). Bootstrap percentile method was used 

to describe the grade 1–4 and grade 2–4 total and organ-system based cumulative burden and 

95% confidence intervals (CI) in 5-year age increments for survivors and controls.(38)

Multivariable log-binomial models using a modified Poisson approach were conducted to 

compare survivors vs. community controls for relative risks (RR) of moderate to severe 

(grade 2–3) neurocognitive impairment, after adjusting for age at evaluation and sex. Age 

and sex referenced physical function impairments were compared between survivors and 

community controls using Chi-square test.

Standardized incidence ratios (SIRs) of observed to expected malignancies were calculated 

by using age-, gender-, and calendar year- specific cancer incidence from the National 

Cancer Institute (NCI) Surveillance, Epidemiology, and End Results (SEER) program. 

Nonmalignant meningiomas and nonmelanoma skin cancers were not included because 

these neoplasms are not registered in the SEER database. Person-years of follow-up were 

calculated from diagnosis to date of death or last contact. SAS version 9.4 and R version 

3.4.3 were used for all analyses.

Code availability

Statistical code is available upon request. Study protocol is available at ClinicalTrials.gov 

(NCT00760656).

Results:

Study Participants:

Of 187 eligible AML survivors, 133 (71%) completed an on-campus clinical assessment as 

of June 30, 2017 and were included in the analysis (Supplementary Figure S1). Survivors 

who were lost to follow-up (n=6), declined participation (n=26) or agreed to participate by 

survey only (n=22) were excluded. Non-participating survivors were further from diagnosis 

(27.6 [standard deviation [SD] 8.2 vs. 22.4 years (SD 7.8), p<0.001) and more had received 

cranial radiation compared to participating survivors (33% vs. 10%, p<0.001) 

(Supplementary Table S3).

Demographic and treatment-related characteristics of study participants are shown in Table 

1. Half underwent HCT, 25 (18.8%) of whom were autologous and 47 (35.3%) allogeneic 

HCT (6 survivors received both). No differences were noted between HCT and CT survivors 
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on sex (p=0.09), race (p=0.40), age at diagnosis (p=0.84), education (p=0.97), employment 

(p=0.65), annual household income (p=0.07), insurance (p=0.91), or marital status (p=0.73). 

CT survivors were further from diagnosis (mean 24.1 years [standard deviation [SD] 9.3] 

than HCT survivors (20.6 [SD 5.4], p=0.011). Years of diagnosis are shown in 

Supplementary Figure S2. Two thirds of HCT survivors received total body irradiation (TBI) 

(median dose 1 200 cGy [1 150–1 400]) and 15% of CT survivors had a history of cranial 

radiation (median dose 2 400 cGy [1 800–2 600]). Anthracycline and alkylator exposures 

were significantly higher in the CT group (median 376 [152–734] mg/m2 and 7 031 [1 956–

20 273] mg/m2) compared to HCT (181 [88–477] mg/m2 and 4 185 [961–24 241] mg/m2). 

Controls were older (mean 35.0 [SD 10.2] years) compared to HCT survivors (mean 30.4 

[SD 7.6] years, p<0.001) but not CT survivors (mean 33.6 [SD 9.1] years, p=0.27).

Chronic Conditions and Cumulative Burden:

Survivors had a higher cumulative burden of grade 1–4 and 2–4 chronic health conditions 

compared to controls (Figure 1). By age 40, HCT survivors had on average 17.4 (95% CI 

14.6–20.1) grade 1–4 chronic health conditions and 10.1 (95% CI 8.3–11.9) grade 2–4 

conditions, and CT survivors had 9.3 (95% CI 7.7–11.1) and 5.5 (95% CI 4.4–6.8), 

respectively, compared to 3.8 (95% CI 3.3–4.2) and 1.9 (95% CI 1.7–2.2) among controls. 

The highest burden of grade 2–4 conditions among HCT survivors was in the endocrine (2.1 

95% CI 1.7–2.6), cardiovascular (1.7 95% CI 1.1–2.3), and pulmonary (1.7 95% CI 1.2–2.1) 

organ systems. For CT survivors the highest burden was in the gastrointestinal (0.9 95% CI 

0.5–1.4), endocrine (0.9 95% CI 0.7–1.1), and cardiovascular (0.8 95% CI 0.5–1.2) systems 

(Supplementary Table S4A, S4B).

At least one chronic health condition was identified in nearly all the AML survivors (98.5% 

grade 1–4 and 90% grade 2–4) regardless of treatment modality (HCT: 97% grade 1–4, 91% 

grade 2–4 and CT: 100% grade 1–4, 88% grade 2–4). The prevalence of the most common 

conditions is reported in Table 2. After adjusting for age, sex, and race, HCT survivors had a 

higher prevalence of endocrine/ reproductive and metabolic conditions compared to controls: 

primary hypothyroidism (27.3% vs. 4.0%, p<0.001), primary hypogonadism (Leydig cell 

insufficiency in males: 64.7% vs. 7.0%; Premature ovarian failure in females: 43.8% vs. 

0.4%; p<0.001), abnormal glucose metabolism (28.8% vs. 16.0%, p<0.001), 

hypertriglyceridemia (45.5% vs. 18.3%, p<0.001), and hypercholesterolemia (47.0% vs. 

30.9%, p=0.001). Additionally, among 21 male HCT survivors who consented to semen 

analysis, 14 (67%) were azoospermic. Notably, no difference in the prevalence of obesity 

was noted between HCT survivors and controls (48.5% vs. 61.8%, p=0.23). Pulmonary 

deficits were more prevalent among HCT survivors compared to controls, with 53% having 

an abnormal FEV1, 45.5% an abnormal DLCOcorr, and 33.3% an abnormal TLC, compared 

to 8.2%, 4.2%, and 2.3%, respectively, in controls (p<0.001). CT survivors had a 

significantly higher prevalence of cardiomyopathy (11.9% vs. 2.7%, p=0.001), hypertension 

(53.7% vs. 44.3%, p=0.05), and abnormal DLCOcorr (9.0% vs. 4.2%, p=0.01) compared to 

controls. The prevalence of endocrine/ reproductive and metabolic conditions was 

comparable between CT survivors and controls. Both HCT and CT survivors were noted to 

have significantly higher prevalence of sensory neuropathy compared to controls (18.2%, 

28.4%, and 7.7%, respectively).
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Subsequent neoplasms:

At a mean of 22.6 years since diagnosis (SD 8.1), eighteen (13.5%) survivors, including 11 

with a history of radiation exposure, developed 23 SNs (Supplementary Table S5). Three of 

these 18 developed basal cell carcinomas. Survivors had a seventeen-fold higher risk of 

developing SNs compared to the general population (SIR 17.7 95% CI 11.2–26.6). Risks 

were highest for thyroid cancer (SIR 44.0 95% CI 18.9–86.6), breast cancer (SIR 31.7 95% 

CI 11.6–69.0), and central nervous system tumors (SIR 26.3 95% CI 3.0–94.9). Six of the 

eight thyroid malignancies occurred in patients with a history of radiation exposure to the 

head or neck region. Three of six breast cancers occurred in survivors with a history of 

radiation exposure, while the other three had a history of >250 mg/m2 of anthracycline 

exposure.

Neurocognitive impairment:

One hundred and twenty-six survivors (94.7%) underwent comprehensive neurocognitive 

assessments. Both HCT and CT survivors had a higher prevalence of neurocognitive 

impairment in all four tested domains. Grade 2–3 executive function impairment was noted 

in a fourth of HCT (26.5%) and CT (25.8%) survivors, compared to 10.5% of controls. 

Similarly, moderate to severe impairment in processing speed and memory was noted in 

9.7% and 28.2% of HCT survivors and 6.6% and 29.0% of CT survivors, respectively. 

Twenty two percent of both HCT and CT survivors had grade 2–3 deficits in attention. 

Survivors were most likely to develop moderate to severe impairments in processing speed 

(HCT: RR 13.8 95% CI 3.1–61.6; CT: 10.1 95% CI 2.2–46.2) and attention (HCT: RR 3.6 

95% CI 2.2–6.1; CT: 3.4 95% CI 2.0–5.6) when compared to age- and sex-adjusted controls 

(Figure 2, Figure 3).

Physical function impairment:

Survivors had a higher prevalence of physical function impairment compared to controls 

across all domains, except balance (Figure 4 A/B). The highest prevalence of impairment 

was in strength (knee extension at 60°/sec 44.7%; grip strength 23.1%) and endurance (knee 

extension at 300°/sec 32.6%) among HCT survivors. Impaired flexibility (Sit and Reach test 

20.6%, passive dorsiflexion 18.7%, active dorsiflexion 15.6%), aerobic function (Six-Minute 

Walk Test 20%, Physiologic Cost Index 13.3%), and mobility (Timed Up and Go 16.9%) 

were also more prevalent compared to controls. Among CT survivors, the highest prevalence 

of impairment was in flexibility (active dorsiflexion 20.6%, passive dorsiflexion 18.7%, Sit 

and Reach test 14.5%), mobility (Timed Up and Go 18.7%), aerobic function (Six-Minute 

Walk Test 16.1%), and strength (grip strength 12.5%). Compared to survivors treated with 

CT, those treated with HCT had higher prevalence of impaired strength (grip strength: 

32.6% vs. 9.6%; knee extension at 60°/sec: 60% vs. 10.9%), endurance (knee extension at 

300°/sec: 41.3% vs. 9.5%), and flexibility (percentage impaired for Sit and Reach: 27.2% vs. 

12.3%) (Supplementary Figure S3).

Discussion:

While lagging behind other pediatric cancers, survival rates for children diagnosed with 

AML, a rare but aggressive pediatric malignancy, have consistently improved over the last 
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four decades.(39–43) Intensified chemotherapeutic protocols, HCT, and improved supportive 

care measures have all contributed to these gains, however, not without substantial long-term 

toxicity and chronic sequelae. In this study of clinically evaluated long-term survivors of 

AML, we provide a comprehensive characterization of treatment-related multi-morbidity 

relevant to survivors treated on historic SJCRH protocols which are comparable to 

contemporary regimens as they still uniformly rely on high cumulative anthracycline doses 

and, in cases with high-risk biology, HCT. While survivors of HCT experienced the majority 

of clinically actionable (grades 2–4) endocrine/ reproductive, metabolic, and pulmonary 

conditions, those treated with CT had a higher prevalence of cardiomyopathy. Moreover, 

both HCT and CT survivors had elevated neurocognitive and physical function impairments 

not previously reported in this population. Our analysis identified risk profiles for morbidity 

that may aid current therapeutic decision making as well as help identify survivors who may 

benefit from early intervention and/or increased surveillance.

Our study reports a higher burden and prevalence of chronic health conditions among AML 

survivors overall and by treatment modality compared to previously published estimates. In 

a report of 272 AML survivors (median 21.4 years [5–33] from diagnosis) treated with 

conventional therapy alone, participating in the Childhood Cancer Survivor Study (CCSS), 

only half self-reported having a chronic health condition at a median age of 27 years (10–

49).(12) Similarly, Schultz et al. reported long-term complications among 180 AML 

survivors treated on legacy Children’s Oncology Group (COG) trials (1979–1995) and found 

that 44% of CT survivors (median 15 [7–21] years from diagnosis) self-reported at least one 

chronic health condition.(13) Nearly one fourth of the HCT survivors did not report having 

been diagnosed with a chronic health condition. Survivors in our investigation were on 

average 10 years older at evaluation and survival time was comparable to these prior studies 

with the exception of HCT survivors in the COG analysis who were only 12.5 (6–22) years 

from diagnosis. Similarly, using questionnaires to assess 95 AML survivors treated with 

HCT on Nordic Society of Pediatric Hematology and Oncology protocols (NOPHO-AML 

84, 88, 93, and 2004), no differences in the need for gonadal hormone supplementation, 

medication for diabetes, or bronchodilator usage were noted between AML survivors and 

sibling controls.(15) These differences between self-reported outcomes and our estimates 

suggest that aging survivors may have a substantial number of unrecognized health 

impairments.

Comprehensive clinical assessments increased our ability to identify late effects irrespective 

of prior treatment exposures. Leung et al. previously described long-term sequelae in a 

historical cohort of AML survivors (N=77) followed at SJCRH.(9) Late complications were 

ascertained by medical record review, however, unlike our study, chronic condition grading 

was not applied nor was a control population available. As in our study, infertility, 

hypogonadism, and cataracts were common late complications among HCT survivors, 

however, pulmonary dysfunction and metabolic abnormalities were not documented as 

significant concerns. While there may be potential overlap with some current survivors in 

the SJLIFE cohort, our study had longer follow-up and the comprehensive SJLIFE 

assessment likely identified dysfunction in organ systems overlooked by risk-based 

surveillance. Systematic grading and application of the cumulative burden metric compared 
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to a community control group permitted more precise estimation of the overall health status 

of these survivors.

The cumulative burden of late cardiovascular morbidity was high in both HCT and CT 

survivors, however, with a different distribution. The prevalence of dyslipidemia was 

elevated among HCT survivors while a higher prevalence of cardiomyopathy and 

hypertension was only seen among CT treated survivors. This prevalence of cardiomyopathy 

after chemotherapy only is similar to that reported by Jarfelt et al., in a study of survivors 

(median time from diagnosis 11 years [4–25]) treated on NOPHO-AML regimens.(8) Ten of 

98 (10.2%) survivors who underwent echocardiography had an LVEF <55%. Leung and 

colleagues also reported a 9% incidence of cardiomyopathy in their historic cohort of AML 

survivors treated with chemotherapy only.(9) The anthracycline dose-response relationship 

with cardio-toxicity is well described, with patients exposed to ≥250 mg/m2 having worse 

outcomes.(44) In our study, 94% of the CT survivors were exposed to anthracyclines, with 

nearly three-fourths receiving doses ≥250 mg/m2. It should be noted, however, that the HCT 

group included survivors of MDS (n=11), not typically exposed to upfront anthracyclines, 

which may have contributed to the lower cumulative anthracycline exposure in this group. 

Our findings align with and support recent studies designed to minimize cardiotoxic 

exposures for children with AML, such as liposomal preparations of daunorubicin and 

cytarabine (45) or remission induction with clofarabine (39), or the expanded use of 

dexrazoxane for cardioprotection.(46) Importantly, pre-hypertension (grade 1) or 

hypertension requiring medication management (grade 2–3) was identified in over half of 

these CT only survivors, and 15% of HCT survivors had elevated fasting triglycerides, 12% 

high cholesterol, and over 13% impaired glucose metabolism. Modifiable risk factors 

combined with therapeutic exposures are known to amplify the risk for cardiotoxicity(47) 

and provide potential targets for intervention.

Endocrine and reproductive outcomes varied by treatment modality. The prevalence was 

significantly elevated compared to controls among HCT survivors but did not differ among 

those treated with CT. This is consistent with a previous report assessing pubertal and 

fertility status among 102 (56 female and 46 male) AML survivors, a median of 10.7 years 

(4.4–25.0) from diagnosis treated with chemotherapy only. At a median age of 16 years (5–

36), survivors were either prepubertal, in puberty, or had progressed normally through 

puberty. No hormonal abnormalities were detected except for decreased anti-Mullerian 

hormone (≤ 2.5 percentile) in five of 40 post-pubertal females.(11) Furthermore, no 

differences were noted between survivors who reported having or siring a pregnancy and 

their siblings. Recently, the Center for International Blood and Marrow Transplant Research 

assessed TBI and non-TBI conditioning regimens in pediatric AML patients.(48) From 

2008–2016, 199 patients were treated on TBI-based conditioning and 425 received 

chemotherapy based conditioning. While there was no difference in overall survival rates 

between the two groups, the incidence of gonadal and growth hormone deficiencies was 

significantly higher among those exposed to TBI (24% vs. 8%, p<0.001). Our data support 

ongoing efforts for radiation-free transplant regimens to reduce late effects in addition to the 

importance of pre-HCT fertility counseling.

Bhatt et al. Page 8

Leukemia. Author manuscript; available in PMC 2021 August 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Neurocognitive compromise in survivors of childhood cancer has been well described(49), 

yet formal assessments specifically among AML survivors are lacking. Based on 

questionnaires and psychology reports, Leung et al. reported 14% (n=11) with academic 

difficulties, but among nine who had psychologic evaluations no particular pattern of 

learning disability was identified. However, formal psychometric testing on seven of the nine 

identified decreases in measures of intelligence and academic achievement.(9) To our 

knowledge, this is the first study to perform detailed neurocognitive evaluations among 

survivors of AML. Deficits were identified in all domains tested (memory, attention, 

processing speed, executive function) compared to community controls. However, the risk 

did not differ by treatment modality and appeared to be highest in processing speed and 

attention compared to controls. Recently, using the CCSS Neurocognitive Questionnaire (50, 

51), Stefanski and colleagues reported a higher risk for neurocognitive dysfunction among 

AML survivors (median age at evaluation 30 years, 18–49) compared to a sibling 

comparison group (RR 2.03 95% CI 1.47–2.79), but no significant differences between those 

treated with HCT (n=183) versus CT (n=299).(52) While HCT appears to have a substantial 

impact on late chronic health conditions, this does not seem to be the case for late 

neurocognitive findings.

Physical function, impaired across nearly all domains tested, has not been previously 

uniformly measured in AML survivors. Wilhelmsson and colleagues compared self-reported 

activity limitations among survivors treated with HCT (N=95) compared to a historical 

chemotherapy-only group (N=101) and siblings (N=53).(15) Transplanted survivors reported 

significantly more limitations with vigorous (39%) and moderate (18%) physical activities 

than both the CT (7% and 1%, respectively) and sibling (9% and 0%) groups, respectively. 

Limitations were associated with chronic graft-vs-host disease, being underweight, and any 

grade ≥3 chronic health condition. The prevalence of functional limitations, elevated for all 

AML survivors in our cohort, appeared particularly elevated in the HCT group and was 

significantly different from CT on strength and endurance measures. Poor physical function 

has been associated with late mortality and psychological distress in childhood cancer 

survivors(53, 54), suggesting that AML survivors may benefit from interventions to optimize 

function during and following completion of therapy. Such strategies are underway.(55, 56)

Despite the comprehensive clinical assessments performed on the St. Jude campus, some 

study limitations should be noted. Nearly 30% of survivors did not return for a medical 

evaluation and were not included in our analysis. Survivors may have been unable to return 

due to health limitations, death, or other commitments, potentially under- or over-estimating 

our estimates. Importantly, no significant major demographic differences were found 

between participants and non-participants. Participation in the SJLIFE cohort is voluntary, 

potentially raising concern about the overall representativeness of the cohort. However, there 

was a 71% participation rate and no significant demographic, disease, or neighborhood level 

characteristics have been identified between participating survivors and the SJLIFE source 

population.(57) Given limited sample size and the low number of some outcomes, our ability 

to perform detailed multivariable modeling was limited.

Our comprehensive study of late health, neurocognitive, and physical outcomes among 

AML survivors identified not only a high cumulative burden of late effects in this intensively 
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treated population but also better characterized outcomes across historical treatment 

modalities. While not only confirming a need for long-term surveillance and health 

promotion, these findings may also help guide treatment discussions for patients and 

providers confronting many of the same treatment options today.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Cumulative burden and 95% confidence intervals of grade 1–4 and 2–4 overall chronic 

health conditions among survivors of AML treated with allogeneic hematopoietic cell 

transplant (HCT) or conventional therapy (non-HCT) and community controls
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Figure 2: 
Neurocognitive impairment among HCT survivors and controls by domains (A. Executive 

function, B. Processing speed, C. Memory, D. Attention)

Bhatt et al. Page 15

Leukemia. Author manuscript; available in PMC 2021 August 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: 
Neurocognitive impairment among CT survivors and controls by domains (A. Executive 

function, B. Processing speed, C. Memory, D. Attention)
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Figure 4: 
A:Prevalence of physical function impairments among survivors of AML treated with HCT

B:Prevalence of physical function impairments among survivors of AML treated with CT
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