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Abstract

Background: There is a growing population of adolescent and young adult (AYA, age 15–39 

years) acute leukemia survivors in whom long-term mortality outcomes are largely unknown.

Methods: The current study utilized the Surveillance, Epidemiology, and End Results (SEER) 

registry to assess long-term outcomes of AYA acute leukemia 5-year survivors. The impact of 

diagnosis age, sex, race/ethnicity, socioeconomic status, and decade of diagnosis on long-term 

survival were assessed utilizing an accelerated failure time model.

Results: 1,938 AYA acute lymphoblastic leukemia (ALL) and 2,350 AYA acute myeloid 

leukemia (AML) survivors diagnosed between 1980 and 2009 were included with a median 

follow-up of 12.3 and 12.7 years, respectively. Ten-year survival for ALL and AML survivors was 

87% and 89%, respectively, and 99% for the general population. Survival for AYA leukemia 

survivors remained below that of the age-adjusted general population at up to 30 years of 

follow-up. Primary cancer mortality was the most common cause of death in early survivorship 
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with non-cancer causes of death becoming more prevalent in later decades of follow-up. Male 

AML survivors had significantly worse survival than females (Survival Time Ratio: 0.61, 95% 

Confidence Interval: 0.45–0.82).

Conclusions: AYA leukemia survivors have higher mortality rates than the general population 

that persist for decades after diagnosis.

Impact: While there have been improvements in late-mortality, long-term survival for AYA 

leukemia survivors remains below that of the general population. Studies investigating risk factors 

for mortality and disparities in late-effects among long-term AYA leukemia survivors are needed.
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INTRODUCTION

The incidence of cancers among adolescent and young adults (AYA; ages 15–39 years) 

has increased by approximately 30% since the 1970s,(1) with approximately 90,000 new 

diagnoses per year in the United States.(2) This has been accompanied by improvement in 

5-year survival rates to >80% across all AYA cancer types,(3, 4) leading to an increasing 

population of survivors. Compared with the general population, AYA cancer survivors have 

higher mortality rates that persist decades into survivorship.(5, 6)

Leukemias, specifically acute lymphocytic leukemia (ALL) and acute myeloid leukemia 

(AML), are two of the more common AYA cancer diagnoses, with combined incidence 

rates of 3.1, 2.9, and 4.1 per 100,000 among those aged 15–19, 20–29, and 30–39 years, 

respectively.(3) Five-year survival for both ALL and AML decreases with older age at 

diagnosis, from 74% and 66% in those diagnosed at age 15–19 years to 52% and 59% in 

those diagnosed at 20–39 years, and 51% and 57% for those diagnosed at 30–39 years, 

respectively.(2) Compared with younger children diagnosed with ALL, AYAs with ALL 

are at increased risk of treatment-related toxicity,(7) and among AYA cancer diagnoses, a 

leukemia diagnosis carries a higher 20-year mortality burden than most other common AYA 

cancer types.(8) Additionally, the majority of AYA patients with AML are recommended to 

undergo hematopoietic cell transplantation (HCT) in first remission, which itself carries a 

high risk of late effects,(9) making investigation of long-term survival patterns fundamental 

in the AYA leukemia survivor population.

While recent studies have reported improving overall survival for AYA leukemia patients,(8) 

demographic factors impact survival in the AYA population. Specifically, 5-year survival 

rates among AYA cancer survivors varies by sex, race/ethnicity and socioeconomic status 

(SES). Male, non-Hispanic Black (hereafter, Black), Hispanic patients, and those living in 

rural counties and areas with lower SES often experience worse survival compared with 

female, non-Hispanic White (hereafter, White) patients and those living in metro counties 

and areas of higher SES.(10–16) In AYA leukemia patients, racial disparities in survival have 

been demonstrated at up to 10-years of follow-up,(17, 18) however, more data are needed 

to assess whether these and other disparities persist further into survivorship. The current 
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study used the Surveillance, Epidemiology, and End Results (SEER) database, a United 

States population-based registry, to characterize long-term mortality patterns among 5-year 

survivors of AYA ALL and AML, as well as determine the impact of race, SES, rurality, 

diagnosis age, and sex on long-term survival in this population. While previous studies 

among AYA leukemia patients have assessed survival from time of diagnosis, the current 

study is unique in its inclusion of only 5-year survivors, thus focusing on disparities specific 

to the survivorship period.

MATERIALS and METHODS

Data on each diagnosis were extracted from SEER for the years 1975–2011. Information 

was identified for 2,313 patients with ALL and 2,842 patients with AML who were alive 5 

years after diagnosis. Of those, 375 ALL survivors and 492 AML survivors were excluded 

due to missing race/ethnicity code or classified as American Indian (due to low numbers), 

missing county level statistics, missing Rural-Urban Continuum code, or were diagnosed 

prior to 1980 or after 2009 (Supplemental Figures 1 and 2). As long-term survival by decade 

of diagnosis was assessed, patients were excluded if they were diagnosed prior to 1980 or 

after 2009 as data spanning the entire decade of diagnosis was not available for the 1970s or 

2010s. In the SEER dataset, race/ethnicity information is based on medical records. When 

SEER race/ethnicity data has been compared with self-report data, agreement was reported 

as excellent for race and moderate to substantial on Hispanic ethnicity.(19)

A county-level socioeconomic deprivation index (SES index) was derived as previously 

defined by Truong et al.(20) County-level variables used to derive the SES index included 

poverty (P) per the percentage with income below the 200th percentile of the poverty 

line, low educational attainment (E) per the percentage with less than a high school 

education obtained, household crowding (C) per the percentage with greater than one 

person per room, unemployment (U) per the percentage unemployed, levels of immigration 

(I) per the percentage of foreign-born, and language isolation (L) per the percentage of 

language isolation. The variables P, E, C, U, I, L were standardized within the ALL and 

AML populations as the difference from the mean divided by the standard deviation. The 

county SES index was calculated as (((P + E + C + U)/4) + ((I + L)/2))/2. As this is a 

socioeconomic deprivation index, higher values indicate greater deprivation.

Continuous variables were summarized by decade and overall as mean, standard deviation, 

median, minimum, and maximum. Discrete variables were summarized by decade and 

overall as count, percentage, mortality count, and mortality percentage. Unadjusted Kaplan-

Meier curves were used to summarize the relationships between survival and age group at 

diagnosis, sex, race/ethnicity, and SES tertile.(21)

The age-adjusted survival curve for the US general population was derived from the 2014 

US life tables obtained from the National Vital Statistics Report,(22) per a hypothetical 

table cohort of 100,000. The cumulative survival probability for each age was estimated 

using the product-limit method, based upon the change in number of individuals surviving 

to a specific age, adjusted with reference to age 30 (the mean of the mean ages of AYA 

ALL and AML 5 years following diagnosis). Pairwise differences among the US National 
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cohort, ALL, and AML were assessed by the log-rank test. Cause of death was obtained 

from the SEER database and categorized into two groups, death by acute leukemia and death 

by other. In AYA ALL and AML survivors, death by acute leukemia was defined as cause 

of death reported as ALL, AML, aleukemic leukemia, subleukemic leukemia, leukemia not 

otherwise specified, other acute leukemia, or other myeloid/monocytic leukemia. Death by 

other causes included all other causes of death as reported in SEER. Cumulative incidence 

plots were used to illustrate the competing risks of incidence of death by acute leukemia 

versus death by other than acute leukemia among AYA 5-year survivors separately by ALL 

and AML.

Separately by ALL and AML, a time-to-event model was used to model the time (following 

5 years survival) to death with relation to diagnosis decade (1980s, 1990s, 2000s) and 

covariates including age at diagnosis (numeric years), rurality (numeric integer between 0 

and 8), race and origin (Non-Hispanic White, Hispanic (All Races), Non-Hispanic Black, 

Non-Hispanic Asian or Pacific Islander), sex (female versus male), and SES index. A Cox 

proportional hazards model was considered, but due to violations of the proportionality 

of hazards assumption, an accelerated failure time (AFT) model was selected instead.(23) 

Weibull, exponential, Gaussian, logistic, log-normal, and log-logistic distributions were 

evaluated. The log-normal distribution was chosen as optimal for ALL, and the Weibull 

distribution was chosen as optimal for AML, due to lower Akaike Information Criterion 

(AIC) together with a good fit of a Kaplan-Meier plot of model residuals to the model 

distribution. Differences in survival among discrete variable levels were assessed by Tukey-

adjusted contrasts.

Statistical analyses were performed using R statistical software (R Core Team, 2020, 

version 3.6.3). In all statistical tests, two-sided alpha=.05. Survival modeling was performed 

using the “survival” package.(24, 25) Cumulative incidence plots were produced using 

the “cmprsk” package.(26) Assessment of differences among discrete variable levels in 

the accelerated failure time model were estimated using the “emmeans” package;(27) this 

includes adjusted means weighted proportionally to covariate marginal frequencies.

RESULTS

Patient Characteristics

The characteristics of 1,938 AYA ALL 5-year survivors and 2,350 AYA AML 5-year 

survivors are shown in Table 1. Of the ALL survivors, 6% were Black, 29% were Hispanic, 

7% were non-Hispanic Asian, or Pacific Islander (hereafter Asian or Pacific Islander), and 

58% were White. Among AML survivors, 9% were Black, 22% were Hispanic, 10% were 

Asian or Pacific Islander, and 59% were White. The median age of diagnosis was 23 years 

(range 15–39) for ALL and 28 years (range 15–39) for AML. Median follow-up times (from 

5-year survival) were 7.3 and 7.7 years for ALL and AML, respectively, with a common 

range of 0.1 to 31.9 years. The county-level SES indices, as well as the county-level 

variables that informed the indices, are summarized in Table 1, with index measurements 

ranging from −1.6 (lowest) to 2.5 (highest) and −1.5 to 2.5 for ALL and AML survivors, 

respectively, and respective medians of −0.13 and −0.10.
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Overall Survival and Cause of Death

Kaplan-Meier plots of overall survival of 5-year AYA ALL and AML survivors compared 

with the age-adjusted expected survival of the general population through 30 years of 

follow-up are shown in Figure 1A. There was no evidence of difference in survival between 

ALL and AML survivors (p=0.3), however, each had significantly lower survival with 

comparison to the US general population (p<0.0001 in each comparison).

For ALL, 10-year survival for those diagnosed in the 1980s, 1990s, and 2000s was 83%, 

88%, and 88%, respectively. Ten-year survival for AML was 82%, 90%, and 90% for 

those diagnosed in the 1980s, 1990s, and 2000s, respectively. Causes of death are shown in 

Supplemental Table 1. In the earlier survivorship years the most common cause of death for 

both ALL and AML survivors was acute leukemia, however, deaths due to acute leukemia 

plateaued approximately 10 years post diagnosis for patients with both ALL and AML. 

Deaths due to other causes continued to climb throughout the survivorship period (Figures 

1B and 1C). Death due to subsequent malignancies and cardiac disease were the most 

common causes of death due to other causes for both ALL and AML survivors.

Survival by Age at Diagnosis and Sex

In the covariate-adjusted models, age at diagnosis was significantly associated with 

differential long-term survival (p<0.0001 for both ALL and AML), with each additional 

year at diagnosis associated with a 6% and 5% decrease in long-term survival for ALL and 

AML survivors, respectively (Table 2). These trends of declining survival with increasing 

age are evident in the unadjusted Kaplan-Meier plots of Figures 2A and 2B, where age is 

categorized into discrete ranges (15–19, 20–29, and 30–39 years).

Survival time ratios (STR) report the percent duration of survival for a group of interest 

compared with the referent group. Male AYA AML survivors had significantly worse 

survival than female survivors (p<0.0001), with males surviving only 61% as long as 

females (STR: 0.61, 95% Confidence Interval (CI): 0.45–0.82, Table 3, Figure 2D). 

However, no evidence of a survival difference due to sex was found for ALL (STR: 0.96, 

95% CI: 0.62–1.49, Table 3, Figure 2C).

Survival by Race/Ethnicity

Asian or Pacific Islander ALL survivors had higher survival time than Hispanic ALL 

survivors (unadjusted p=0.009, Tukey p=0.047, STR: 3.77, 95% CI: 1.39–10.28, Table 4). 

Additionally, Hispanic ALL survivors had a trend towards lower survival time than White 

ALL survivors (unadjusted p=0.036, Tukey p=0.15, STR: 0.56, 95% CI: 0.32–0.96, Table 4, 

Figure 2E). Other differences in long-term survival between race/ethnicity groups assessed 

lacked evidence of significance (Table 4, Figures 2E and 2F).

Survival by SES and Rurality

The county SES index took into account county-level education level, poverty, 

unemployment, household crowding, and immigration status. Kaplan-Meier curves showing 

survival by SES index categorized into discrete tertiles ranging from highest SES (tertile 1), 

middle SES (tertile 2), and lowest SES (tertile 3) are shown for ALL (Figure 2G) and AML 
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survivors (Figure 2H). Socioeconomic status did not significantly impact long-term survival 

in our population of 5-year AYA ALL and AML survivors (Table 2). Likewise, rurality also 

did not significantly impact long-term survival in our population of 5-year AYA ALL and 

AML survivors (Table 2).

Survival by Decade of Diagnosis

Long-term survival of both AYA ALL and AML survivors was significantly associated 

with decade of diagnosis (Table 3, Figures 2I and 2J). Long-term survival times for 

those diagnosed in the 1990s were more than twice that of patients diagnosed in the 

1980s for ALL (unadjusted p=0.008, Tukey p=0.021, STR: 2.62, 95% CI: 1.29–5.31) and 

AML (unadjusted p=0.0002, adjusted p=0.0007, STR: 2.18, 95% CI: 1.44–3.29). Similarly, 

survival times more than doubled for those diagnosed in the 2000s compared with those 

in the 1980s for ALL (unadjusted p=0.009, Tukey p=0.025, STR: 2.37, 95% CI: 1.24–

4.55) and AML (unadjusted p=0.0003, Tukey p=0.0008, STR: 2.17, 95% CI: 1.43–3.30). 

However, there were no significant long-term survival differences for those diagnosed in the 

2000s compared with the 1990s for either ALL or AML.

DISCUSSION

Overall, we found that 5-year survivors of AYA leukemias have worse survival compared 

with the age-adjusted expected survival of the overall population at up to 30 years of follow-

up. Primary disease remained the most common cause of death in the early survivorship 

period, however the incidence of death from other causes increased over time, overtaking 

primary disease as the most common cause of death at about 15 years of follow-up. 

Importantly, there have been improvements in long-term survival for 5-year AYA leukemia 

survivors over time, with those diagnosed in the 1990s and 2000s, demonstrating more than 

twice the survival time compared with those diagnosed in the 1980s. In addition to overall 

inferior survival compared with the general population, persistent ethnic disparities were 

found. Older age at diagnosis also negatively impacted long-term survival, as did male sex 

among AML survivors.

Increased long-term mortality rates in 5-year survivors of childhood leukemias compared 

with age-adjusted expected rates of the general population have previously been 

demonstrated, (28) and long-term survival rates of AYA leukemia survivors in the current 

study appear to be lower than those of childhood leukemia survivors. Specifically, data 

from the Childhood Cancer Survivor Study indicate an overall survival rate of about 94% 

at 20 years of follow-up for 5-year survivors of childhood leukemia, which is higher than 

observed in AYAs.(29, 30) While AYAs are older at diagnosis and thus have a higher burden 

of age-related comorbidities over time, an increased risk for treatment-related toxicity in 

AYAs compared with pediatric patients could also be contributing to these differences, 

leading to increased risk for a multitude of late effects, including second cancers, cardiac, 

pulmonary, and endocrine diseases, all of which increase morbidity.(7, 31, 32)

Additionally, we found that acute leukemia remains the most common cause of death 

in 5-year AYA leukemia survivors until about 20 years of follow-up. In the childhood 

cancer survivor primary disease progression/recurrence remains the most common cause of 
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death until about 30 years of follow-up.(28) Common late causes of death in AYA cancer 

survivors include secondary malignancies, cardiovascular disease, and infectious diseases.

(33, 34) This further points to the need to focus on early identification and treatment of 

co-morbidities and late effects, as well as upfront risk modification in the AYA population.

Previous studies assessing racial/ethnic disparities in 5-year survival among AYA leukemia 

patients have had differing findings. Among AYA ALL patients, the majority of studies 

to date have found that White patients have improved survival compared with Black 

patients.(11, 17) However, a recent large population-based analysis showed similar survival 

between White and Black AYA ALL patients with the exception of male ALL patients.

(14) Hispanic AYA ALL patients have consistently been found to have worse survival 

outcomes compared with White patients.(11, 14, 17) Hispanic ALL patients are more likely 

to have high-risk genetic alterations that portend worse prognosis, such as Philadelphia 

chromosome-positive ALL and Philadelphia chromosome-like ALL.(35–37) In addition to 

increasing the risk of early mortality, treatment regimens for these subtypes are more likely 

to include high-intensity chemotherapy and HCT, thus increasing risks of late effects.(38, 

39) While adjusted analyses do not show evidence of a difference in long-term survival, 

the current analysis suggests that disparities among Hispanic AYA ALL survivors compared 

with White survivors persist well beyond 5 years post-diagnosis. Adjustment for SES may 

be contributing to these findings not reaching statistical significance and it is also possible 

that our cohort size limited the ability to detect differences in survival between Hispanic and 

White AYA ALL survivors in the second and third decade of survivorship. As SEER does 

not contain patient-level SES data, it is difficult to fully evaluate the extent to which SES 

status impacts racial/ethnic survival disparities among long-term AYA leukemia survivors. 

Future studies are needed to clarify this interaction and work towards reducing both racial/

ethnic and SES disparities in long-term survival.

Analyses of disparities in 5-year mortality of AYA AML patients have had less consistent 

results. Similar to findings in AYA ALL, survival for Black patients has been found to 

be both worse and similar compared with White patients.(11, 14, 17, 18) However, when 

comparing between Hispanic patients and White patients, studies have predominantly found 

similar survival between the two groups,(11, 14) though both increased and decreased 

survival for Hispanic patients have also been reported.(17, 18) Data reporting differences in 

survival for Asian or Pacific Islander AYA leukemia patients are sparse.

SES impacts multiple aspects of cancer care. Lower SES status has been reported to impact 

survival in the AYA cancer population,(11, 12, 40, 41) however, assessing AYA leukemia 

specifically, SES has been found to inconsistently impact cancer-specific survival, with 

one analysis only finding an impact among White patients.(42) In the current study, there 

was no evidence of SES independently impacting long-term survival among AYA leukemia 

survivors. A limitation that comes with utilizing SEER is that this database collects SES 

data on a county population level, rather than an individual level, which makes interpretation 

of SES data in this population complicated, particularly in the case of the current analysis 

as data is collected at the time of diagnosis and our focus is on long-term survivorship. 

Lower SES, compared with higher SES, impacts access to care, including decreased use 

of subspecialty services and survivorship care as well as an increasing the likelihood of 
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diagnosis delays thus likely contributing to disparities in both short- and long-term mortality.

(43–46) While we did not find an association between SES and long-term survival in AYA 

leukemia patients, this should be a focus of future studies.

Sex-based disparities in long-term mortality were seen for AML survivors, however none 

was found for ALL. The absence of disparities for ALL by sex was somewhat unexpected, 

as females have longer lifespans than males in the general population,(47) and in a previous 

analysis, our group found dramatic sex-based disparities in long-term survival among 5-year 

AYA lymphoma survivors.(48) One potential reason for this finding is that anthracyclines, 

commonly used to treat AYA leukemia and known to carry a risk of cardiotoxicity, 

differentially impact males and females in late effects profile, with females more likely 

to develop cardiac morbidity and mortality,(49) though these agents are also used to treat 

lymphoma patients. In childhood ALL patients, females experience significantly more acute 

treatment related toxicities and treatment-related deaths than males.(50) More data are 

needed on differences in short- and long-term treatment toxicities by sex in the AYA 

population.

Older age at diagnosis was associated with inferior long-term survival. While the natural 

course of age-related comorbidities occurring earlier into survivorship for older patients 

likely contributed to this finding, AYA leukemia patients diagnosed at older ages also have 

cancer- and treatment-specific factors placing them at higher risk for long-term survival 

deficits. Increasing age is associated with an increase in more unfavorable cytogenetics in 

both AYA ALL and AML patients, as well as higher likelihood of HCT and increased risk 

of treatment related mortality.(51, 52) Additionally, participation in clinical trials has been 

found to reduce risk of relapse for AYAs with leukemia, however trial enrollment decreases 

with increasing age in this population.(51, 53, 54)

Similar to findings in the childhood cancer population,(55) we found that long-term survival 

for AYA leukemia survivors improved in more recent decades of diagnosis. Importantly, 

treatment advances leading to increased cure rates and improvements in supportive care, 

specifically for patients receiving stem cell transplants, have improved survival for AYA 

leukemia patients diagnosed in more recent decades.(56) For example, reduced-intensity 

conditioning therapy was introduced in the 1990s, leading to a decrease in treatment 

toxicities which could reduce risk of late-effect related long-term mortality.(57, 58) Also 

in the 1990s, treatment with lower doses of anthracyclines were shown to have similar 

5-year survival and lower risk of cardiac dysfunction following therapy.(59) There is a 

strong association between anthracycline dose and risk of late-cardiotoxicity,(60) thus the 

lower dose treatments likely contributed to improved long-term survival for those AYA 

leukemia patients treated in the 1990s and 2000s. Early ALL treatment included cranial 

radiation for most patients, however, starting in the 1980s with the introduction of triple 

intrathecal therapy, the use of prophylactic cranial radiation declined and with continued 

advances in systemic therapy the need for prophylactic cranial radiation was eliminated by 

the late 2000s.(61) This change likely contributed to decreased risk secondary malignancies, 

endocrinopathies, and frailty among survivors treated in more recent decades.(62) Finally, 

tyrosine kinase inhibitors first used in the early 2000s, resulting in improvement in survival 

for PH+ ALL, and although data are limited, does not appear to have significantly increased 
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the long-term toxicity profile associated with early mortality.(63) The growing use of 

immunotherapy has improved short term survival in relapsed/refractory and high-risk cases, 

although knowledge of treatment-related late-effects are largely unknown.(64) As treatment 

regimens continue to evolve with particular focus to reduce toxicity in the treatment of 

high-risk genetic subtypes,(65) improvements are likely to continue, though whether these 

efforts result in decreasing racial/ethnic disparities in long-term survival need to be assessed.

SEER is considered as a definitive source of U.S. population-level cancer data, however, 

there are limitations with this dataset. Data on specific treatment regimens are not available, 

thus the extent to which treatment variables impacted disparities in long-term survival is 

unknown. SEER does contain cause of death data, however, due to coding it is difficult 

to discern whether death from acute leukemia represents primary disease mortality or 

secondary cancer. As such, we grouped all forms of acute leukemias together to broadly 

capture primary disease. It is likely that some of these cases represented secondary cancers, 

specifically patients with ALL whose cause of death in SEER is reported as AML. For all 

AYA cancer survivors, the cumulative incidence of secondary cancers at 30 years of follow-

up is 13.9% and for AYA ALL and AML survivors, secondary leukemias represent less 

than 3% of total secondary malignancies.(66) The ability to capture rural-urban disparities 

in long-term survival of AYA leukemia survivors may also be limited as rural populations 

are underrepresented in the SEER dataset. As previously discussed, SES data from SEER 

is captured on a population level. While census tract SES data have previously been shown 

to more accurately reflect individual mortality than county-level data,(67) census tract data 

is unavailable in SEER prior to the year 2000. Therefore, we utilized county-level data to 

create a county-level SES deprivation index. As SES data was collected at time of diagnosis 

and not tracked over time, this also limits conclusions that can be drawn. Strengths of the 

current study include a population-based cohort with large sample size and length of follow-

up time for two diagnoses that are classified as rare disease in AYAs. Despite the large 

sample size, there are relatively lower numbers of racial/ethnic minorities represented, which 

may limit the ability to detect disparities in long-term survival between these populations.

The findings in the current study have demonstrated that 5-year survivors of AYA leukemia 

have survival outcomes inferior to the age-adjusted expected survival rates of the general 

population, with race/ethnicity, age at diagnosis, and decade of diagnosis impacting survival 

at up to three decades of follow-up for AYA leukemia survivors, as well as sex among AML 

survivors. While long-term survival has improved in recent decades, disparities remain. In 

this study, the median ages at diagnosis were 23 years for ALL and 28 years for ALL, 

thus survivors have the potential to live another 50+ years from diagnosis. Adherence to 

preventive care guidelines and aggressive risk factor reduction should be emphasized in the 

care of long-term AYA leukemia survivors. While identification of vulnerable populations 

of AYA leukemia survivors is an important step towards targeted interventions, further 

understanding of factors placing survivors at risk for late morbidity and mortality is needed 

to develop surveillance strategies and reduce risk factors.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Kaplan Meier curves showing: A) survival over time among 5-year survivors of AYA ALL 

and AML compared with the age-adjusted expected survival of the general population; B) 

death by acute leukemia and death by other causes over time in 5-year survivors of AYA 

ALL; C) death by acute leukemia and death by other causes over time in 5-year survivors of 

AYA AML.
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Figure 2. 
Kaplan Meier curves showing survival over time by: A) age at diagnosis in 5-year survivors 

of AYA ALL; B) age at diagnosis in 5-year survivors of AYA AML; C) sex in 5-year 

survivors of AYA ALL; D) sex in 5-year survivors of AYA AML; E) race ethnicity in 5-year 

survivors of AYA ALL; F) race/ethnicity in 5-year survivors of AYA AML; G) SES by 

tertile in 5-year survivors of AYA ALL; H) SES by tertile in 5-year survivors of AYA AML; 

I) decade of diagnosis in 5-year survivors of AYA ALL; J) decade of diagnosis in 5-year 

survivors of AYA AML.
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Table 1.

Survivor Characteristics

Characteristic ALL Survivors, No. (%) AML Survivors, No. (%)

Sex

 Female 724 (37.4) 1217 (51.8)

 Male 1214 (62.6) 1133 (48.2)

Age at Diagnosis

 Mean ± STD 22.6±7.3 28.3±7.2

 Median(range) 20.0 (15.0–39.0) 29.0 (15.0–39.0)

Follow-up Time

 Mean ± STD 9.1±7.0 9.0±6.5

 Median(range) 7.3 (0.1 – 31.9) 7.7 (0.1–31.9)

Race/Ethnicity

 Non-Hispanic White 1129 (58.3) 1393 (59.3)

 Non-Hispanic Black 111 (5.7) 219 (9.3)

 Hispanic (All Races) 557 (28.7) 507 (21.6)

 Non-Hispanic Asian or Pacific 141 (7.3) 231 (9.8)

 Islander

Decade of Diagnosis

 1980s 199 (10.3) 206 (8.8)

 1990s 397 (20.5) 538 (22.9)

 2000s 1342 (69.2) 1606 (68.3)

Rurality Index, Mean ± STD 0.7±1.4 0.7±1.4

County % <200% Poverty

 Mean ± STD 31.6±9.0 31.6±9.1

 Median(range) 30.9 (10.3–61.9) 30.7 (10.3–71.9)

County % HS Education

 Mean ± STD 14.0±6.1 13.7±5.9

 Median(range) 12.5 (2.1–32.4) 12.5 (3.2–32.4)

County % Housed >1 per Room

 Mean ± STD 5.4±3.7 5.1±3.6

 Median(range) 3.7 (0.0–13.0) 3.5 (0.0–13.0)

County % Unemployed

 Mean ± STD 7.0±2.0 7.0±2.1

 Median(range) 6.9 (1.3–16.0) 6.9 (2.1–16.1)

County % Foreign Born

 Mean ± STD 19.7±11.5 19.2±11.4

 Median(range) 20.7 (0.1–43.0) 20.0 (0.3–43.0)

County % Language Isolated

 Mean ± STD 6.7±4.4 6.4±4.2

 Median(range) 6.3 (0.0–21.9) 6.2 (0.0–21.9)

SES Index
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Characteristic ALL Survivors, No. (%) AML Survivors, No. (%)

 Mean ± STD 0.0±0.8 0.0±0.8

 Median(range) −0.1 (−1.6–2.5) −0.1 (−1.5–2.5)
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Table 2.

Differences in Survival by Age, and Rurality and SES Index. These are estimated from the accelerated failure 

time survival model which included the covariates diagnosis decade, age at diagnosis, race and origin, sex, 

rurality, and SES index. Age at diagnosis and rurality p-values are unadjusted due to an absence of multiple 

comparisons.

Continuous Variable Survival Time Ratio (95% CI) p-value

ALL Survivors 

Age at Diagnosis 0.94 (0.92–0.97) <0.0001

Rurality 0.96 (0.82–1.12) 0.61

SES Index 0.80 (0.58–1.11) 0.17

AML Survivors 

Age at Diagnosis 0.95 (0.93–0.97) <0.0001

Rurality 1.06 (0.94–1.18) 0.36

SES Index 1.09 (0.86–1.37) 0.49
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Table 3.

Differences in Survival by Sex and Decade of Diagnosis. These are estimated from the accelerated failure time 

survival model which included the covariates diagnosis decade, age at diagnosis, race and origin, sex, rurality, 

and SES index. Tukey adjustment was not applicable to comparison between sexes, since there was only one 

comparison.

Survival Time Ratio (95% CI) Unadjusted p-value Tukey Adjusted p-value

Sex Comparison

ALL Survivors 

Male - Female 0.96 (0.62–1.49) 0.87 Not Applicable

AML Survivors 

Male-Female 0.61 (0.45–0.82) 0.0009 Not Applicable

Decade Comparison

ALL Survivors 

1990s – 1980s 2.62 (1.29–5.31) 0.008 0.021

2000s – 1980s 2.37 (1.24–4.55) 0.009 0.025

2000s – 1990s 0.91 (0.54–1.52) 0.71 0.93

AML Survivors 

1990s – 1980s 2.18 (1.44–3.29) 0.0002 0.0007

2000s – 1980s 2.17 (1.43–3.30) 0.0003 0.0008

2000s – 1990s 1.0 (0.70–1.43) 0.99 1.00
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Table 4.

Differences in Survival by Race and Ethnicity. These are estimated from the accelerated failure time survival 

model which included the covariates diagnosis decade, age at diagnosis, race and origin, sex, rurality, and SES 

index, with interactions of diagnosis decade with sex, race and origin, and SES index.

Race/Ethnicity Comparison Survival Time Ratio (95% 
CI)

Unadjusted p-
value

Tukey Adjusted 
p-value

ALL Survivors 

Non-Hispanic Black – Non-Hispanic White 0.82 (0.32–2.08) 0.68 0.98

Hispanic (All Races) – Non-Hispanic White 0.56 (0.32–0.96) 0.036 0.15

Non-Hispanic Black – Hispanic (All Races) 1.47 (0.55–3.94) 0.44 0.87

Non-Hispanic Asian or Pacific Islander – Non-Hispanic White 2.10 (0.79–5.56) 0.1 0.44

Non-Hispanic Asian or Pacific Islander – Hispanic (All Races) 3.77 (1.39–10.28) 0.009 0.047

Non-Hispanic Asian or Pacific Islander – Non-Hispanic Black 2.56 (0.71–9.19) 0.15 0.47

AML Survivors 

Non-Hispanic Black – Non-Hispanic White 0.70 (0.43–1.13) 0.14 0.45

Hispanic (All Races) – Non-Hispanic White 0.92 (0.6–1.43) 0.72 0.98

Non-Hispanic Black – Hispanic (All Races) 0.75 (0.42–1.34) 0.33 0.77

Non-Hispanic Asian or Pacific Islander – Non-Hispanic White 1.49 (0.81–2.77) 0.20 0.58

Non-Hispanic Asian or Pacific Islander – Hispanic (All Races) 1.62 (0.82–3.19) 0.16 0.50

Non-Hispanic Asian or Pacific Islander – Non-Hispanic Black 2.15 (1.04–4.45) 0.039 0.17
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