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Abstract
Background: About 4.5% of new cancer cases affect adolescent and young adult 
aged between 15 and 39 years in the United States (US). However, the effect of 
neuropsychiatric conditions on long-term adolescent and young adult cancer 
(AYAC) survivors has not been formally investigated. Thus, the impact and man-
agement of late neuropsychiatric complications in AYAC survivors compared to 
non-cancer-matched controls (NCMC) in the US were evaluated using the All of 
Us (AoU) Research Program.
Methods: Participants in the AoU Controlled Tier Dataset (v6) diagnosed with 
cancer between ages 15 and 39 were identified from electronic health records 
and surveys. AYAC survivors were matched with NCMC using the optimal pair-
matching algorithm at a 1:4 ratio. Data on past diagnoses, current follow-up care, 
and treatment patterns of neuropsychiatric complications were collected.
Results: Analysis was performed on 788 AYAC survivors and 3152 NCMC. 
AYAC survivors, with an average of 8.8 years since their first cancer diagnosis, 
were more likely than NCMC to receive a diagnosis of neuropathy, memory 
loss and epilepsy (p  < 0.001). Survivors also had a higher rate of follow-up care 
and treatment utilization for these neurological conditions compared to NCMC 
(p  < 0.05). Treatment utilization was highest among survivors receiving care for 
epilepsy (88%), and lower for neuropathy (70%), memory loss (61%), and chronic 
fatigue (59%).
Conclusions: This large study reveals that AYAC survivors, on average 9 years 
after their cancer diagnosis, require more frequent follow-up care for neurologi-
cal complications compared to non-cancer individuals. However, the manage-
ment of neuropathy, memory loss, and chronic fatigue is hindered by a lack of 
mechanism-based effective therapies.

www.wileyonlinelibrary.com/journal/cam4
https://orcid.org/0000-0003-4904-1447
https://orcid.org/0000-0002-0754-7901
https://orcid.org/0000-0001-9489-8015
mailto:
http://creativecommons.org/licenses/by/4.0/
mailto:a.chan@uci.edu


20954 |   AGAPITO et al.

1  |  BACKGROUND

An adolescent or young adult cancer (AYAC) survivor 
is an individual 15–39 years of age at the initial cancer 
diagnosis.1 Annually, over 87,000 AYACs in the United 
States (US) are diagnosed with cancer, constituting 
4.5% of all new cancer cases. AYAC survivors are dis-
tinct from younger/older cancer patients and suffer 
from delays in diagnosis, limited access to appropriate 
treatment, low adherence to therapy, low clinical trial 
enrollment, treatment-related toxicity, and unique psy-
chosocial challenges.2,3 Posttreatment health issues 
among AYAC survivors are becoming increasingly rele-
vant, and more in-depth research is needed within this 
category of patients.4–7 For these reasons, the National 
Cancer Institute (NCI) has declared AYAC patients as a 
vulnerable population.2

Adolescent or young adult cancer survivors often ex-
perience a myriad of treatment-related chronic and late 
toxicities that can lead to functional impairments at high 
economic, emotional, and social costs.4 Several studies 
described long-term complications in AYAC survivors. 
However, many of these single-institution or single-dis-
ease cohorts are small in sample size and lack appropri-
ate controls, due to the rarity of cancer diagnosis among 
AYAC survivors.8,9 Furthermore, these studies rarely eval-
uate the long-term follow-up and management of these 
conditions.10,11

Literature on long-term complications has shown sig-
nificant and persistent associations of neuropathy, de-
pression, fatigue, insomnia, and cognitive toxicity among 
pediatric, adult, and older patients with breast cancer and 
other cancer types.12–15 These neuropsychiatric complica-
tions stand out due to gaps in research and practice among 
central and peripheral nervous system assessment, diag-
nosis, and management in AYAC survivorship. Hence, we 
designed a study to assess the prevalence and long-term 
management of neuropsychiatric complications in AYAC 
survivors compared to non-cancer-matched controls 
(NCMC) using the All of Us (AoU) Research Program. AoU 
is managed by the National Institutes of Health (NIH) to 
promote research among a diverse set of participants to 
advance precision medicine and uncover new insights 
into human health.16 At the time of this analysis, the pro-
gram has recruited over 300,000 participants from across 
the US, providing a wealth of data involving health sur-
veys and electronic health records (EHR) useful to study 

niche populations that are underrepresented in research.16 
Using a hypothesis-generating approach, we examined a 
broad range of neuropsychiatric diagnoses self-reported in 
the AoU program. Findings from this study will provide 
important insights to clinicians and researchers on the 
management of neuropsychiatric conditions that must be 
prioritized for follow-up among AYAC survivors.

2  |  METHODS

2.1 | Study design and data sources

This study is a secondary data analysis of a US nationwide 
prospective cohort study, the AoU Research Program. The 
program aims to recruit 1 million participants ≥18 years 
old across 340 recruitment sites. Recruitment began in 
May 2018 and is ongoing. All consented participants com-
plete three baseline surveys (Basics, Overall Health, and 
Lifestyle) and have the option to complete the “Personal 
Medical History” (PMH) survey, uploaded on https:// 
www. resea rchal lofus. org/ data- tools/  surve y- explorer. 
EHR data are mined, and all data, including those from 
surveys, are organized in the Observational Health and 
Medicines Outcomes Partnership (OMOP) common data 
model v5.2.17

2.2 | Population

Eligible participants are required to complete cancer and 
neuropsychiatric conditions sections of the PMH surveys 
to provide data for analysis in our study. We identified 
two cohorts of participants: AYAC survivors and NCMC. 
AYAC survivors were selected if they had a registered 
EHR record for cancer between ages 15 and 39 years old, 
further confirmed with PMH survey responses, and were 
≥1 year(s) from their first cancer diagnosis. Survivors 
greater than 40 years old at time of survey could be eligible 
if they received their first cancer diagnosis between 15 and 
39 years old. The study included AYAC who were at least 
1 year post-diagnosis, as most would have completed pri-
mary treatment and entered survivorship within the first 
year in the US.18 ICD-9-CM (140–209) and ICD-10-CM 
(C00–C96) codes were identified using the AoU concept 
set-building dashboard to identify cancer diagnoses in the 
EHR.

K E Y W O R D S

adolescent and young adult cancer, All of Us, matched controls, neuropsychiatric, past medical 
history, survivor

https://www.researchallofus.org/data-tools/survey-explorer
https://www.researchallofus.org/data-tools/survey-explorer
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The NCMC cohort included participants without 
prior cancer diagnoses listed in either the EHR or PMH 
survey. AYAC survivors were propensity-score matched 
with NCMC in a 1:4 ratio using the optimal pair-matching 
algorithm.19,20 The ratio was selected for enhancing the 
precision of effect sizes without overfitting.21 Matching 
parameters included sex at birth, gender, race, ethnicity, 
highest education level, annual household income, and 
age at survey completion. (Figure 1).

2.3 | Covariates

Sociodemographic information on sex at birth, gender, 
race, ethnicity, highest education level, and annual house-
hold income was accessed from participants' responses to 
the “Basics” survey. We calculated the age at survey by 
leveraging the participants' birth and survey completion 
dates. The age of first cancer diagnosis was determined 
using the first record of a cancer diagnosis in the EHR. 
Years from first cancer diagnosis were defined as the 
length of time, in years, between the dates of first cancer 
diagnosis and survey completion. The site of cancer for 
AYAC survivors was determined using the PMH survey.

2.4 | Outcomes

A total of 16 neurologic conditions and 12 psychiatric 
conditions were identified using the PMH survey results 
provided and predetermined by the AoU program.22 
The primary outcomes are the odds of receiving a past 

diagnosis (Has a doctor or health care provider ever told 
you that you have…?) for a specific neuropsychiatric con-
dition determined by comparing AYAC survivors against 
NCMC (reference group). Secondary outcomes include 
the proportions of receiving a past diagnosis, the odds and 
proportions of seeing a provider (Are you still seeing a doc-
tor or health care provider for…?), and the odds and pro-
portions of receiving ongoing medications or treatment 
(Are you currently prescribed medications and/or receiving 
treatment for…?) for neuropsychiatric conditions at the 
time of the survey, comparing between AYAC survivors 
and NCMC.

2.5 | Statistical analysis

Complete case analysis was performed. We summarized 
continuous variables using means, ranges, standard devia-
tions (SD), and categorical variables with counts and per-
centages. In addition, we reported results in compliance 
with the AoU Data and Statistics Dissemination Policy 
prohibiting the display of participant counts ranging from 
1 to 20. The standardized mean differences (SMDs) after 
matching were analyzed to evaluate the success of the 
matching algorithm.23 Employing a doubly robust meth-
odology, inferential analyses were performed with mul-
tiple logistic regression, adjusting for covariates  (sex at 
birth, gender, race, ethnicity, highest education level, an-
nual household income, and age at survey completion) to 
determine the associations between cancer diagnoses and 
neuropsychiatric complications. We then presented effect 
sizes as adjusted odds ratios (AOR) and 95% confidence 

F I G U R E  1  Selection of adolescent and young adult cancer survivors and non-cancer matched controls. AYAC survivors were selected 
from the All of Us (AoU) database using age at first cancer diagnosis and ICD-9-CM and ICD-10-CM codes from electronic health record 
(EHR) data. AYAC survivors were verified of their cancer conditions using past medical history (PMH) surveys. NCMC were propensity-
score matched using a 1:4 optimal pair matching algorithm with the following matching parameters: sex at birth, gender, race, ethnicity, 
highest education level, annual household income, and age at survey completion.
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intervals (CI). Subgroup analysis, stratified based on years 
since first diagnosis (1–5, 6–10, >10 years), was performed 
to evaluate the persistence and long-term management of 
these symptoms. All statistical tests were two-sided. For 
the primary outcome, multiple testing was accounted, 
with a Bonferroni-corrected significance level of 0.00179 
to correct for the number of neuropsychiatric compli-
cations (28 in total) evaluated as part of the primary 
outcome. Other p values were set at 0.05 for statistical sig-
nificance. Data were accessed with Google BigQuery and 
analyzed using R v4.1.2 in an integrated Jupyter Notebook 
environment, and matching was completed with R pack-
age MatchIt (4.4.0).24,25

3  |  RESULTS

3.1 | Descriptive statistics

We accessed the AoU Controlled Tier Dataset version 
6 (C2022Q2R2), and data were current as of January 
1, 2022. AoU recruited 372,380 participants, of which 
142,090 consented to provide EHR data and completed 
the PMH surveys. Of these, 788 participants met our eli-
gibility criteria for AYAC survivors and matched them 
to 3152 NCMC (Figure 1). At the time of the survey, the 
mean age was 41.3 years, and AYAC survivors averaged 
8.8 (SD = 8.2) years from their initial cancer diagnoses. 
There were higher proportions of female (75.5% vs 73.0%) 
and White (87.9% vs 86.1%) participants among AYAC 
survivors compared to NCMC (Table 1). Nevertheless, the 
groups were well-matched as the SMDs for all matched 
variables achieved the threshold of <0.1. The most com-
mon cancers among AYAC survivors were skin (21.3%), 
breast (18.5%), and thyroid cancers (16.9%) (Table 1).

AYAC survivors who did not answer the PMH survey 
(n = 785) comprised of fewer White participants, achieved 
a lower education level, and had lower household income. 
This data were summarized in Table S1.

3.2 | Past diagnoses of 
neuropsychiatric condition

The most observed psychiatric conditions among AYAC 
were depression (38.1%), anxiety (36.2%), and post-trau-
matic stress disorder (12.9%), whereas the most commonly 
observed neurological conditions were migraine (27.7%), 
neuropathy (13.8%), and insomnia (12.3%) (Tables 2 and 
3). Bivariate analysis revealed statistically higher propor-
tions of migraine, neuropathy, chronic fatigue, memory 
loss, and restless leg syndrome but lower proportions 
of ADHD among AYAC survivors compared to NCMC 

(p < 0.05). Although the prevalence was similar for psy-
chiatric conditions between AYAC and NCMC (Table 2), 
AYAC were more likely to be diagnosed with depression 
and bipolar disorder than NCMC between 18 and 64 years 
old (p < 0.05, Table S2). After controlling for differences in 
covariates, AYAC survivors were more likely to report a 
past diagnosis of neuropathy (AOR = 3.79, 95% CI = 2.89–
4.98, p < 0.001), chronic fatigue (AOR = 1.76, 95% 
CI = 1.31–2.35, p < 0.001), memory loss (AOR = 2.79, 95%  
CI = 1.95–4.01, p < 0.001), and epilepsy (AOR = 2.46,  
95% CI = 1.67–3.62, p < 0.001; Tables 2 and 3).

3.3 | Currently seeing a provider for 
neuropsychiatric conditions

Among the 28 neuropsychiatric conditions, more AYAC 
survivors were experiencing and seeing a provider for 
neuropathy, chronic fatigue, memory loss, and epilepsy 
at the time of the survey (p < 0.05, Table 4) compared to 
NCMC. After confounder adjustments, AYAC survivors 
remained more likely to see a provider for neuropathy 
(AOR = 2.60, 95% CI = 1.86–3.62, p < 0.001), chronic fa-
tigue (AOR = 1.63, 95% CI = 1.14–2.33, p = 0.007), mem-
ory loss (AOR = 3.41, 95% CI = 2.13–5.46, p < 0.001), and 
epilepsy (AOR = 3.46, 95% CI = 2.15–5.58, p < 0.001) com-
pared to NCMC at the time of survey (Table 4).

3.4 | Currently taking 
medications and/or receiving treatment 
for neuropsychiatric conditions

After covariate adjustments, AYAC survivors were more 
likely to report current treatment or receiving medications 
for neuropathy (AOR = 2.24, 95% CI = 1.53–3.28, p < 0.001), 
chronic fatigue (AOR = 1.64, 95% Cl = 1.04–2.59, p = 0.034), 
memory loss (AOR = 4.17, 95% CI = 2.22–7.83, p < 0.001), 
and epilepsy (AOR = 3.48, 95% CI = 2.10–5.78, p < 0.001) at 
the time of survey compared to NCMC (Table 4).

Among AYAC survivors still seeing a provider for neu-
ropathy (n = 61), 43 (70.5%) were taking medications or 
receiving treatment for neuropathy. The proportions for 
other neurological conditions are as follows: chronic fa-
tigue (58.7%), memory loss (61.0%), and epilepsy (87.9%; 
Table S3).

3.5 | Subgroup analysis

Among 788 AYAC participants, there were 377 (47.8%) 
with 1–5 years, 167 (21.2%) with 6–10 years, and 244 
(31.0%) reporting more than 10 years since cancer 
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T A B L E  1  Descriptive statistics of adolescent and young adult cancer survivors and non-cancer-matched controls cohorts.

Demographic variables AYACa (N = 788) NCMCa (N = 3152) SMD

Mean age when surveyed (range, SD) 41.3 (20–75, 9.7) 41.4 (18–84) 0.003
Mean years since first cancer diagnosis (range, SD) 8.8 (1–40, 8.2) – –
Mean age at first cancer diagnosis (range, SD) 32.5 (15–39, 5.5) – –
Gender, n (%)

Female 595 (75.5) 2302 (73.0) 0.058
Male 182 (23.1) 774 (24.6) 0.035

Sex at birth, n (%)
Female 602 (76.4) 2356 (74.8) 0.039
Male 186 (23.6) 796 (25.3) 0.039

Race, n (%)
White 693 (87.9) 2714 (86.1) 0.057
Black or African American 44 (5.6) 200 (6.3) 0.033
Asian 24 (3.0) 110 (3.5) 0.026
More than one population ≤20 104 (3.3) 0.068
Middle Eastern or North African ≤20 ≤20 0.038
Native Hawaiian or Other Pacific Islander ≤20 ≤20 0.000

Ethnicity, n (%)
Not Hispanic or Latino 763 (96.8) 3033 (96.2) 0.034
Hispanic or Latino 25 (3.2) 119 (3.8) 0.034

Education, n (%)
≤High school graduate or GED 67 (8.5) 330 (10.5) <0.100
College one to 3 years 168 (21.3) 758 (24.0) 0.067
College graduate 275 (34.9) 1043 (33.1) 0.038
Advanced degree 278 (35.3) 1021 (32.4) 0.060

Income, n (%)
<$10 k 35 (4.4) 159 (5.0) 0.029
$10 k–$25 k 72 (9.1) 288 (9.1) 0.000
$25 k–$35 k 48 (6.1) 225 (7.1) 0.044
$35 k–$50 k 66 (8.4) 281 (8.9) 0.019
$50 k–$75 k 111 (14.1) 467 (14.8) 0.021
$75 k–$100 k 105 (13.3) 453 (14.4) 0.031
$100 k–$150 k 156 (19.8) 608 (19.3) 0.013
$150 k–$200 k 73 (9.3) 277 (8.8) 0.016
>$200 k 122 (15.5) 394 (12.5) 0.082

Cancer conditions, n (%)
Blood 88 (11.2) – –
Bone 24 (3.0) – –
Brain 53 (6.7) – –
Breast 146 (18.5) – –
Cervical 42 (5.3) – –
Colorectal 26 (3.3) – –
Kidney 24 (3.0) – –
Ovarian 24 (3.0) – –
Otherb 173 (22.0) – –
Skin 168 (21.3) – –
Thyroid 133 (16.9) – –

Abbreviations: AYAC, adolescent and young adult cancer; GED, tests of general educational development; NCMC, non-cancer matched controls; SD, standard 
deviation; SMD, standardized mean difference.
aResults reported in compliance with the All of Us Data and Statistics Dissemination Policy prohibiting the display of participant counts ranging 1-20.
bCumulation of head/neck, endocrine, endometrial, lung, stomach, bladder, eye, pancreatic, prostate, and esophageal cancers.
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diagnosis. Except for chronic fatigue, AYAC participants 
had higher odds of seeing a provider and receiving treat-
ment for neuropathy, memory loss, and epilepsy up to 
10 years since cancer diagnosis (p < 0.05, Table 4).

4  |  DISCUSSION

In this large national cohort study of AYAC survivors 
averaging 9 years post-diagnosis, we have observed that 
long-term AYAC survivors are still seeking care from pro-
viders and receiving treatment for neuropathy, chronic 
fatigue, epilepsy, and memory loss that could be related 
to their cancer and/or associated treatment. Epilepsy, for 
example, is frequently experienced by survivors of brain 
tumors as well as those with brain metastases, and these 
patients require routine follow-up care to monitor for 
recurrent seizures.26 On the other hand, chronic fatigue 
and memory impairment in cancer survivors are often 
linked to “sickness behavior” characterized by upregu-
lation in pro-inflammatory cytokines.27–29 Memory loss 
and impairments in other cognitive domains (processing 
speed, executive function, and attention) have been re-
ported in cancer survivors even prior to receiving cancer 
treatment,30 and they could be worsened posttreatment 
with radiotherapy and chemotherapy.31 Neuropathy ex-
perienced by survivors often manifests with numbness, 
tingling, and pain, and these symptoms are linked to the 
receipt of neurotoxic antineoplastics such as taxanes and 

platinum agents.32 Our findings are important because 
these complications are not fully reversible years after 
cancer diagnosis, an observation further validated by our 
findings of AYAC survivors who averaged 9 years from 
first cancer diagnosis. These longstanding complications 
can create physical and emotional burdens to AYAC sur-
vivors who are eager to return to normal life and seek to 
return to normalcy post-cancer treatment.

Our findings from this sizeable US-based study have 
significant implications in the care of AYAC survivors. We 
recommend that care pathways of AYAC survivors should 
include routine surveillance for neuropathy, chronic fa-
tigue, epilepsy, and memory loss. Management of these 
complications remains relevant in the first 10 years of di-
agnosis as they are known to affect health-related qual-
ity of life.33 In the Adolescent and Young Adult Health 
Outcomes and Patient Experience (AYA HOPE) study, 
more than 40% and 53% of AYAC patients reported prob-
lems with “forgetting” at 6–14 months and 15–35 months 
after a cancer diagnosis, respectively, with one-third of pa-
tients finding it difficult to pay attention at work or school 
after a cancer diagnosis.34 Fatigue may also affect survivors' 
work outcomes. Several studies observed a negative asso-
ciation between fatigue symptoms' severity and workabil-
ity and status.33 However, long-term rehabilitation is often 
associated with increased medical expenses35 and AYAC 
survivors may not adhere to treatment to avoid financial 
hardship. The higher medication and treatment utilization 
for epilepsy may be attributed to clinicians' perception of a 

T A B L E  2  Proportions and adjusted odds of self-reporting past diagnoses of psychiatric conditions among adolescent and young adult 
cancer survivors compared to non-cancer-matched controls.

Psychiatric conditions AYACa (N = 788) NCMCa (N = 3152) p‡ Value AORb (95%CI) p§ Value

ADHD, n (%) 69 (8.2) 359 (11.4) 0.034c 0.79 (0.60–1.04) 0.099

Alcohol disorder, n (%) ≤20 107 (3.3) 0.075 0.65 (0.39–1.11) 0.113

Anxiety, n (%) 277 (35.2) 1100 (34.9) 0.894 1.05 (0.89–1.25) 0.547

Autism, n (%) ≤20 46 (1.5) 0.337 0.84 (0.38–1.84) 0.655

Bipolar disorder, n (%) 33 (4.2) 176 (5.6) 0.118 0.81 (0.55–1.20) 0.289

Depression, n (%) 300 (38.1) 1253 (39.8) 0.388 0.95 (0.81–1.14) 0.653

Drug-use disorder, n (%) ≤20 87 (2.8) 0.345 0.81 (0.47–1.40) 0.456

Eating disorder, n (%) 38 (4.8) 168 (5.3) 0.567 0.92 (0.64–1.33) 0.648

Personality disorder, n (%) ≤20 65 (2.1) 0.778 1.06 (0.59–1.91) 0.833

PTSD, n (%) 102 (12.9) 350 (11.1) 0.147 1.28 (1.01–1.63) 0.045

Schizophrenia, n (%) ≤20 ≤20 0.408 1.92 (0.63–5.79) 0.249

Social phobia, n (%) 29 (3.7) 105 (3.3) 0.629 1.23 (0.80–1.90) 0.348

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; AYAC, adolescent and young adult cancer; AOR, adjusted odds ratio; CI, confidence interval; 
NCMC, non-cancer matched controls; p‡, p values for Pearson's chi-square test; p§, p values for multiple logistic regression; PTSD, post-traumatic stress 
disorder.
aResults were reported in compliance with the All of Us Data and Statistics Dissemination Policy prohibiting the display of participant counts ranging 1–20.
bAdjusted for sex at birth, gender, race, ethnicity, highest education level, annual household income, and age at survey completion. NCMCs served as the 
reference group.
cp < 0.05 for p‡.
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more pronounced severity of the complication compared 
to neuropathy, memory loss, and chronic fatigue. In con-
trast to a myriad of evidence-based treatments available 
for epilepsy and seizures,36–38 fewer evidence-based treat-
ment options are shown to be effective for managing neu-
ropathy,39 chronic fatigue,28 and memory loss,31 likely due 
to the poor understanding of the underlying mechanisms 
for these complications. Mechanism-based interventional 
strategies are urgently needed for these complications that 
lack effective therapies.

This analysis relies on a database containing second-
ary data and PMH surveys to verify cancer diagnoses and 
examine neuropsychiatric outcomes. By doing so, risks of 
self-reporting and misclassification biases can occur. In ad-
dition, the PMH survey is optional for completion among 
AoU participants; hence, missing data are highly prevalent 
considering the larger AoU cohort of over 300,000 individ-
uals. White participants were also more likely to complete 
PMH surveys than other racial and ethnic minorities. 
Specific treatment-related data for chemotherapies (i.e., 
chemotherapy, radiotherapy, and surgical resection) is 
not available in the EHR for all participants in the AoU 
program; thus, the association between treatment and late 

neuropsychiatric complications within this cohort is lim-
ited to PMH surveys. Furthermore, we were unable to es-
tablish the temporal relationship between the conditions 
using the PMH survey. Nevertheless, the higher prevalence 
of epilepsy, neuropathy, memory loss, and chronic fatigue 
among AYAC compared to NCMC, together with the vast 
literature illustrating the characteristics and mechanisms 
of such complications, have cross-validated the likelihood 
that these neurological conditions are key consequences 
of cancer and the receipt of antineoplastics.

To confirm whether our identified AYAC cohort is gen-
eralizable to the US population, we compared the distri-
bution of cancer conditions in our nested cohort against 
data provided by the Surveillance, Epidemiology, and End 
Results (SEER) Program. We found similarities between 
the AoU AYAC cohort and the US AYAC population ex-
cept in male-related malignancies. It may appear that our 
sample was skewed toward more females, thus limiting 
the representation of male AYAC survivors in this study. 
We did not limit the diagnosis date range; hence, chang-
ing paradigm of cancer treatment over time may influence 
the experience of different late effects. Lastly, the manage-
ment of AYAC survivors is highly dependent on cancer 

T A B L E  3  Proportions and adjusted odds of self-reporting past diagnoses of neurological conditions among adolescent and young adult 
cancer survivors compared to non-cancer-matched controls.

Neurological conditions
AYACa 
(N = 788)

NCMCa 
(N = 3152) p‡ Value AORb (95% CI) p§ Value

Cerebral palsy, n (%) ≤20 ≤20 1.000 1.02 (0.11–9.61) 0.990

Chronic fatigue, n (%) 72 (9.1) 182 (5.8) <0.001* 1.76 (1.31–2.35) <0.001**

Concussion, n (%) 65 (8.2) 272 (8.6) 0.733 0.94 (0.71–1.25) 0.661

Dementia, n (%) ≤20 ≤20 0.133 5.25 (0.67–41.08) 0.110

Epilepsy, n (%) 44 (5.6) 77 (2.4) <0.001* 2.46 (1.67–3.62) <0.001**

Insomnia, n (%) 97 (12.3) 313 (9.9) 0.050 1.33 (1.04–1.71) 0.024

Memory loss, n (%) 53 (6.7) 87 (2.8) <0.001* 2.79 (1.95–4.01) <0.001**

Migraine, n (%) 218 (27.7) 724 (23.0) 0.006* 1.29 (1.08–1.55) 0.006

Multiple sclerosis, n (%) ≤20 28 (0.9) 0.730 0.83 (0.34–2.03) 0.683

Muscular dystrophy, n (%) ≤20 ≤20 0.570 1.60 (0.30–8.41) 0.580

Narcolepsy, n (%) ≤20 ≤20 0.316 1.61 (0.66–3.88) 0.293

Neuropathy, n (%) 109 (13.8) 142 (4.5) <0.001* 3.79 (2.89–4.98) <0.001**

Parkinson's disease, n (%) ≤20 ≤20 0.838 1.64 (0.16–16.88) 0.676

Restless leg syndrome, n (%) 55 (7.0) 154 (4.9) 0.019* 1.60 (1.15–2.22) 0.005

Spinal cord injury, n (%) ≤20 48 (1.5) 0.085 1.86 (1.07–3.23) 0.027

Traumatic brain injury, n (%) ≤20 52 (1.6) 0.228 1.48 (0.85–2.56) 0.166

Abbreviations: AYAC, Adolescent and young adult cancer; AOR, adjusted odds ratio; CI, confidence interval; NCMC, non-cancer matched controls p‡, p values 
for Pearson's chi-square test; p§, p values for multiple logistic regression.
aResults were reported in compliance with the All of Us Data and Statistics Dissemination Policy prohibiting the display of participant counts ranging 1–20.
bAdjusted for sex at birth, gender, race, ethnicity, highest education level, annual household income, and age at survey completion. NCMCs served as the 
reference group.
*p < 0.05 for p‡.
**Bonferroni-corrected p < 0.00179 for p§.
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diagnosis and subtypes; hence, this study did not investi-
gate the associations between neuropsychiatric conditions 
with specific cancer phenotypes or treatments.

Despite these limitations, our sample size remains 
large compared to other published studies, providing ad-
equate power to identify associations with multivariate 
analyses. We also approached the study with a hypothe-
sis-generating objective that is achieved by examining a 
broad range of neuropsychiatric conditions self-reported 
in the survey. Future studies may utilize EHR or claims 
data to validate our prevalence findings. Finally, our study 
is innovative because our AYAC survivors averaged 9 years 
post-diagnosis, providing unique data for neuropathy, fa-
tigue, memory loss, and epilepsy as potential cancer-re-
lated neurological complications that continue years 
after curative treatment. Importantly, our findings have 

revealed key unmet needs in the management of these 
complications and set the groundwork necessary to in-
vestigate causal pathways for developing interventions to 
ameliorate these conditions.

5  |  CONCLUSION

By employing the AoU Research Program, a US nationwide 
prospective cohort of adult individuals, we observed higher 
odds of follow-up care and treatment for epilepsy, neuropa-
thy, memory loss, and chronic fatigue among AYAC survi-
vors who were 9 years post-cancer diagnosis compared to 
NCMC. The occurrence and persistence of these complica-
tions during and after receiving a cancer diagnosis at ages 
15–39 can negatively hinder their transition across these 

T A B L E  4  Adjusted odds of seeing a provider and taking medications/receiving treatment for neuropsychiatric conditions in adolescent 
and young adult cancer survivors compared to non-cancer-matched controls, stratified by years since cancer diagnosis.

Neurological Conditions

Seeing a provider Taking medications/receiving treatment

AORa (95%CI) p Value AORa (95%CI) p Value

Neuropathy

Years since cancer diagnosis

Overall 2.60 (1.86–3.62) <0.001b 2.24 (1.53–3.28) <0.001b

1–5 years 3.68 (2.23–6.05) <0.001b 3.76 (2.14–6.62) <0.001b

6–10 years 3.25 (1.44–7.35) 0.005b 2.86 (1.15–7.14) 0.024b

>10 years 1.61 (0.87–2.96) 0.129 0.89 (0.40–1.97) 0.770

Chronic fatigue

Years since cancer diagnosis

Overall 1.63 (1.14–2.33) 0.007b 1.64 (1.04–2.59) 0.034b

1–5 years 1.97 (1.23–3.18) 0.005b 1.83 (0.98–3.41) 0.057

6–10 years 1.02 (0.34–3.08) 0.972 1.70 (0.39–7.49) 0.481

>10 years 1.29 (0.65–2.57) 0.470 1.41 (0.60–3.31) 0.428

Memory loss

Years since cancer diagnosis

Overall 3.41 (2.13–5.46) <0.001b 4.17 (2.22–7.83) <0.001b

1–5 years 5.09 (2.43–10.66) <0.001b 5.27 (1.99–13.98) <0.001b

6–10 years 5.33 (1.85–15.34) 0.002b 20.92 (1.88–232.45) 0.013b

>10 years 1.29 (0.53–3.16) 0.580 1.79 (0.62–5.19) 0.282

Epilepsy

Years since cancer diagnosis

Overall 3.46 (2.15–5.58) <0.001b 3.48 (2.10–5.78) <0.001b

1–5 years 3.47 (1.84–6.56) <0.001b 3.23 (1.62–6.44) <0.001b

6–10 years 8.26 (2.41–28.27) <0.001b 10.35 (3.07–34.83) <0.001b

>10 years 3.17 (1.03–9.73) 0.043b 2.63 (0.72–9.60) 0.140

Abbreviations: AYAC, Adolescent and young adult cancer; AOR, adjusted odds ratio; CI, confidence interval; NCMC, non-cancer matched control.
aAdjusted for sex at birth, gender, race, ethnicity, highest education level, annual household income, and age at survey completion. NCMCs served as the 
reference group.
bp < 0.05.
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critical life stages of completing higher education, family 
building, and work progression. Our findings support the 
urgency in addressing the unmet needs regarding the lack 
of effective therapies providers can recommend for manag-
ing neurological complications during survivorship care. We 
urge researchers to develop mechanism-based interventional 
strategies for these complications in this NCI-designated vul-
nerable population of patients and survivors.
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