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Purpose: Adolescents and young adults (AYAs) with cancer are in a unique situation due to their age and
developmental stage in life and may have different symptoms and concerns than older patients. Patient-Reported
Outcomes (PROs) questionnaires, routinely used in Alberta, can help identify the distinct needs of AYAs. We
aimed to compare PROs data for AYAs and older adults (OAs) to better understand how the concerns of AYAs
differ, which is key to providing individualized care and creating targeted programming and system-level change.
Methods: Retrospective data were collected for two patient cohorts who completed at least one PROs ques-
tionnaire between October 1, 2019 and April 1, 2020. The AYA cohort was aged 18–39, and the OA cohort was
aged 40 and older. Symptoms were compared using mean scores and multiple linear regression, and concerns
were compared using counts and multivariate negative binomial regression.
Results: AYAs had significantly higher mean scores on depression and anxiety, compared to OAs, and lower
mean scores for most physical symptoms. They indicated significantly more concerns in the Emotional and
Social/Family/Spiritual domains, and were over three times more likely to indicate Work/School as a concern.
Conclusion: AYAs with cancer have distinct concerns that should be addressed to ensure comprehensive,
quality cancer care for this population. PROs data are useful in identifying needs and facilitating evidence-
based, data-driven change at all levels of the health care system.
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Introduction

In Canada, *7600 adolescents and young adults (AYAs)
are diagnosed with cancer each year,1 ranging in age from

15 to 39 years old. The survival rate for AYA cancers is over
80% and continues to increase, meaning that most will live
for 50–60 years after their diagnosis.1 AYA cancer survivors
may in turn have to manage the long-term effects of their

diagnosis and its treatment(s) for many years and through
different developmental stages of life. This can make an
already challenging time as a cancer survivor even more
complex to navigate as a younger person.

AYAs with cancer often have complex needs that differ
from their older counterparts. A cancer diagnosis at this stage
of life can have considerable impacts on mental health, as
they may feel isolated from peers, and can create uncertainty
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about finances.2 As such, psychosocial and practical dis-
tress may be heightened in this population.2,3 Understanding,
identifying, and addressing the needs of this population
are essential to ensure that AYAs have optimal outcomes
throughout their cancer journey.4,5 Patient-Reported Out-
comes (PROs) are increasingly helping achieve this, by using
standardized self-report tools that enable patients to iden-
tify symptoms and concerns they deem most relevant.6

Incorporating PROs into routine clinical workflows helps
ensure provision of person-centered care that meets indi-
viduals’ physical, emotional, and practical needs.7

In the province of Alberta, Canada, a publicly funded
cancer program called Cancer Care Alberta (CCA) provides
care through a network of 17 ambulatory cancer centers
province-wide.8 This oncology program primarily treats
adults, with patients younger than 18 being seen in the
pediatric health system. Because of this, AYAs in CCA are
typically between 18 and 39 years of age.

Since 2019, CCA has incorporated the routine clinical use
of a PROs questionnaire with all patients and across all time
points of a patient’s cancer journey, including new consults,
treatments, and follow-up. The questionnaire is completed at
clinic appointments and contains two self-report tools.8 This
not only helps clinicians focus their assessment on a patient’s
most severe symptoms and/or concerns, but PROs data can
also be analyzed to understand the symptom burden for pa-
tient populations who share certain characteristics. By ex-
amining PROs data for AYAs specifically, their concerns can
be better understood and, in turn, addressed. The purpose of
this study was to use PROs data to identify the needs of AYA
cancer patients and understand key differences from a cohort
of older cancer patients in Alberta, Canada.

Methods

A retrospective study was conducted using several pro-
vincial data sources. The study utilized administrative data
from the Alberta Cancer Registry (ACR) and clinical data
from CCA’s electronic medical record (EMR). Data linkage
was accomplished using a unique provincial health care
number assigned to each patient by the ACR. The dataset
used was part of a larger study that received ethics approval
from the Health Research Ethics Board of Alberta—Cancer
Committee (approval number HREBA.CC-20-0022). This
study did not involve any patient contact.

Sample

The study cohort consisted of cancer patients in Alberta aged
18 and older9,10 with any cancer diagnosis, across all 17 ambu-
latory cancer centers in the province. To be eligible for inclu-
sion, patients had to have completed at least one PROs
questionnaire between October 1, 2019 and April 1, 2020. If a
patient completed multiple questionnaires within the study pe-
riod, only the first was included in the analyses.11 Patients aged
18–39 comprised a subgroup identified as the AYA cohort9,10

while all other patients, aged 40 years and older,12 made up a
control group to which the AYA population was compared. This
older group was classified as the ‘‘Older Adult (OA)’’ cohort.

Measures

Sociodemographic and disease-specific variables were
extracted from the ACR to obtain information on patients’

age, sex, rurality, tumor group, and Charlson Comorbidity
Index (CCI),13–15 as well as whether patients visited a com-
munity, regional, or larger tertiary cancer center. Rurality for
each patient was assigned based on the postal code of their
most recent residence, using a seven-level rurality index
created by Alberta Health Services (AHS).16 The seven levels
were collapsed into three: Rural, Urban, and Metro. A mod-
ified version of the CCI was used, which excludes cancer and
associated metastases as factors, and was calculated accord-
ing to diagnoses coded in the 12 months before the patient’s
first PROs questionnaire in the study period.

Outcome data, collected from the PROs questionnaires,
were extracted from the cancer program’s EMR. The ques-
tionnaire contains two components, the Edmonton System
Assessment System-Revised (ESAS-r) and the Canadian
Problem Checklist (CPC), both of which were included
as outcomes.17 The ESAS-r is a validated PROs measure
that assesses the severity of nine symptoms: pain, tiredness,
drowsiness, nausea, lack of appetite, shortness of breath,
depression, anxiety, and well-being.17–19 Patients rate each
symptom on a severity scale from 0 to 10, with 10 indicating
the highest severity (or the worst well-being, for that symp-
tom). The CPC is an evidence-based self-report checklist
that identifies common concerns that cancer patients expe-
rience.20,21 CCA previously modified the original CPC to
include additional concerns relevant to patients in Alberta;
the checklist on the current version of the PROs question-
naire has a total of 54 items (Fig. 1 presents the modified
CPC).17

Data analysis

Demographic and clinical characteristics were cross-
tabulated and compared by age cohort, using chi-squared
tests for categorical variables and independent t-tests for
continuous variables to assess significant differences. Pre-
valence of symptoms and concerns were presented by
descriptive statistics, including mean, standard deviation, and
frequency, when appropriate. To compare symptom severity
between AYAs and OAs, multiple linear regressions were
utilized, with each individual symptom constructed as a lin-
ear outcome. In each of the nine models, one symptom was
selected as the dependent variable and age cohort was the
primary association of interest, with the OA cohort serving
as the reference group. Baseline demographic and clinical
characteristics were controlled for in each model. Model fit
was assessed by F value and the significance level.22,23

To assess the difference in counts of CPC concerns
between the AYA and OA cohorts, multivariate negative
binomial regressions were utilized for the seven CPC
domains (constructed as the count outcome), controlling for
baseline characteristics. Negative binomial regression was
selected due to overdispersion, the count nature of the out-
come data, and better goodness-of-fit statistics compared to
Poisson regression.24,25 For each item on the CPC, we cal-
culated the ratio for the AYA and OA cohorts by dividing
the count of each item by the number of patients in that age
group with at least one CPC concern. We then compared the
ratios (AYAs to OAs) to identify differences between the
cohorts. All data were exported into SPSS Version 25.0
(Chicago, IL) for analysis and statistical significance was set
a priori at p < 0.05.
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Results

Sample characteristics

The total study cohort comprised 29,242 cancer patients
who completed at least one PROs questionnaire within the
6-month study period. Two thousand eighty-nine patients
were AYAs (7.1%), leaving 27,153 patients in the OA group
(92.9%). The mean age was 32.5 for the AYAs and 65.4 for
the OAs. Both cohorts included more females than males,
with slightly different distributions (57.3% of AYAs were
female, compared to 54.6% of OAs). The most common
tumor groups were hematology (23.7% for AYAs, 20.8% for
OAs) and breast (16.4% for AYAs, 20.4% for OAs). Only
4.4% of AYAs had a CCI of 1 or higher, compared to 14.4%
of OAs. Cross-tabulations for all variables are presented in
Table 1. Significantly different distributions were noted in
all baseline characteristics between AYAs and OAs.

Descriptive statistics of ESAS-r symptoms
by age cohort

Mean scores for all nine symptoms, for both cohorts, are
presented in Figure 2. The highest mean scores for AYAs
were tiredness, well-being, and anxiety and the lowest were
nausea, shortness of breath, and lack of appetite. Nausea was
the lowest mean score for both cohorts. Compared to OAs,
AYAs had higher mean scores for anxiety and depression,
and slightly higher for nausea. The biggest observed differ-
ence in mean scores between cohorts was for shortness of
breath (AYAs = 0.84 vs. OAs = 1.52).

Multiple linear regression of ESAS-r symptoms
by age cohort

Multiple linear regression was used to examine the asso-
ciation between age cohort and ESAS-r scores, while con-
trolling for sex, rurality, location of care, tumor group, and

CCI. In the first model, pain was the dependent variable, with
age cohort as the association of interest. A significant F-test
[F(6) = 83.1, p < 0.01] indicated that the proposed associa-
tion between the outcomes and the set of predictors was
statistically reliable.21,22 Age group was found to be signifi-
cantly associated with pain scores ( p < 0.01), after control-
ling for other potentially confounding variables, with AYAs
reporting significantly lower pain scores than OAs, on aver-
age (b = -0.024). Similar regression models of the same
structure were performed to assess the association between
age cohort and the eight other ESAS-r symptoms.

Compared with OAs, AYAs reported, on average, signif-
icantly lower mean scores for tiredness (b = -0.015, p < 0.05),
lack of appetite (b = -0.022, p < 0.01), shortness of breath
(b = -0.063, p < 0.01), and well-being (b = -0.014, p < 0.05).
They also reported a lower mean score for drowsiness, how-
ever the difference was not significant (b = -0.002, p > 0.05).
AYAs reported significantly higher mean scores for depres-
sion (b = 0.015, p < 0.05) and anxiety (b = 0.040, p < 0.01).
AYAs also reported slightly higher mean scores for nausea,
which approached significance (b = 0.010, p = 0.087). Details
of the parameter estimates for each model, with OAs as the
reference group, are presented in Table 2.

Canadian Problem Checklist

The CPC is located on the back page of the provincial
PROs questionnaire and is often left blank. All patients who
did not check at least one concern on the CPC were removed
from this piece of the analysis, as it is impossible to deter-
mine if patients left the CPC blank by mistake or because
they did not have concerns. This left 971 AYAs (46%) and
14,020 OAs (51.6%) with at least one CPC concern. There
was no significant difference between cohorts in the number
of concerns checked, with the mean being 5.49 concerns for
AYAs and 5.43 for OAs.

FIG. 1. Modified 54-item version of the CPC. This version is included on the routinely used PROs questionnaire, which is
used throughout CCA. CCA, Cancer Care Alberta; CPC, Canadian Problem Checklist; PROs, Patient-Reported Outcomes.
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Using the counts of CPC concerns (q1) in each domain
as outcomes in the multivariate negative binomial regressions,
while controlling for the baseline characteristics listed in
Table 1, we examined the seven domains and how they differed
between cohorts. The results, presented in Table 3, showed that
AYAs checked 23.5% more concerns in the emotional domain,
compared to OAs (adjusted rate ratio [aRR] = 1.235, 95% CI:
1.014–1.383, p < 0.01). They also checked off 24.0% more
concerns in the Social/Family/Spiritual domain (aRR = 1.240,
95% CI: 1.072–1.435, p < 0.01). The other five domains did not
significantly differ between the two cohorts.

To assess differences in the number of times specific
concerns were checked, ratios were generated to compare
AYAs to OAs on all 54 concerns. Figure 3 presents the ratios
for the 10 concerns with the largest differences between the
cohorts. AYAs checked ‘‘Work/School’’ more than three
times as much as OAs did, while they were less than half
as likely to check physical concerns such as ‘‘Difficulty
Swallowing’’ and ‘‘Walking/Mobility.’’

Discussion

It is clear that AYAs with cancer have distinct symptoms
and/or concerns and may require tailored care responses.
The Royal College of Physicians and Surgeons of Canada
developed a specialized certification in AYA oncology in
2016.26,27 More recently, in 2019, the Canadian Partnership
Against Cancer (CPAC) released the Canadian Framework
for the Care and Support of AYAs with Cancer.1 These re-
sources emphasize the importance of addressing the specific
needs and challenges of this younger patient population. By
utilizing PROs, efforts can be taken at the individual, pro-
gram and organization levels of the health care system to
ensure AYAs receive adequate resources and timely support
to enable their optimal participation in life and contribution to
society as cancer survivors.1

Using PROs to provide individualized AYAs
cancer care

Routine use of PROs can help ensure that providers are
aware of the specific needs of the AYA population, making
them better equipped to provide individualized and AYA-
specific patient care, along with optimal symptom man-
agement and appropriate resource recommendations and

Table 1. Patient Demographics Cross-Tabulated

by Age Cohort (Adolescents and Young Adults

and Older Adults)

Age cohort

p
AYA cohort
(n = 2089)

OA cohort
(n = 27,153)

Age (in years) 0.000
Mean (SD) 32.5 (5.28) 65.4 (11.7)

Sex 0.020
Female 1196 (57.3%) 14,832 (54.6%)
Male 893 (42.7%) 12,321 (45.4%)

Rurality index 0.000
Metro 1498 (71.7%) 18,117 (66.7%)
Urban 228 (10.9%) 3050 (11.2%)
Rural 302 (14.5%) 5468 (20.1%)
Unidentified 61 (2.9%) 518 (1.9%)

Location of care
TCC 1 1129 (54.0%) 13,359 (49.2%) 0.000
TCC 2 787 (37.7%) 9818 (36.2%)
RCCs 163 (7.8%) 3676 (13.5%)
CCCs 10 (0.5%) 300 (1.1%)

Tumor group 0.000
Breast 342 (16.4%) 5530 (20.4%)
CNS 143 (6.8%) 533 (2.0%)
Endocrine 152 (7.3%) 571 (2.1%)
Gastrointestinal 135 (6.5%) 3456 (12.7%)
Genitourinary 283 (13.5%) 3900 (14.4%)
Gynecology 197 (9.4%) 2180 (8.0%)
Head and neck 36 (1.7%) 940 (3.5%)
Hematology 496 (23.7%) 5640 (20.8%)
Intrathoracic 19 (0.9%) 2239 (8.2%)
Melanoma 72 (3.4%) 853 (3.1%)
Other malignant 100 (4.8%) 843 (3.1%)
Sarcoma 114 (5.5%) 468 (1.7%)

CCI 0.000
0 1998 (95.6%) 23,231 (85.6%)
q1 91 (4.4%) 3922 (14.4%)

AYA, adolescent and young adult; CCCs, community cancer
centers; CCI, Charlson Comorbidity Index; CNS, central nervous
system; OA, older adult; RCCs, regional cancer center; TCC,
tertiary cancer center (1 and 2); SD, standard deviation.

FIG. 2. Mean ESAS-r symptom
scores for AYAs and OAs. AYAs,
adolescents and young adults; ESAS-
r, Edmonton System Assessment
System-Revised; OAs, older adults.
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referrals. While the PROs questionnaire used in CCA is not
specific to AYAs, the data collected from this tool are highly
informative if analyzed based on age.

The findings reveal the heightened psychosocial distress
that AYAs with cancer often experience. AYAs had higher
mean scores than OAs on depression and anxiety, and iden-
tified over 20% more concerns in the emotional domain on
the CPC. This demonstrates the importance of ensuring that
AYAs are well connected to psychosocial supports through-
out their cancer journey. Literature suggests that AYA
patients often feel isolated from their healthy peers, as their
life path diverges from others their age3; therefore, con-
necting them to peer support programs or other AYA patients
who are navigating similar challenges may be beneficial.1

Peer connection has been demonstrated to be critical for
many young patients, perhaps even more so than disease-
specific supports.1,4,5

This study demonstrates the benefit of using the ESAS-r
and CPC in tandem, as the CPC captures concerns beyond
those related to the physical and emotional domains. A clear
example is that ‘‘Work/School’’ was identified as a concern
by AYAs over three times more than by OAs, with research
demonstrating that this younger population is often actively
working or in school during this phase of their life.1 Many
AYAs are diverted from their educational or career paths by a
cancer diagnosis. Even after cancer treatments are complete,

patients may experience residual symptoms or late effects
such as fatigue and tiredness, further complicating a return to
work or school.

While it is important to recognize that AYAs and OAs
had several differences, many symptoms and concerns will
be common to all or most patients with cancer. Tiredness was
the highest rated symptom for both cohorts, although AYAs
were significantly lower than OAs. This highlights the im-
portance of not only focusing on AYAs’ distinct symptoms
and concerns but on all of their issues to provide compre-
hensive symptom management and developmentally appro-
priate, quality cancer care.

How PROs can inform program-level
specialized supports

Given that AYAs may have multiple distinct needs, dedi-
cated programming and resources could benefit this young
population. An AYA-specific navigation program, for exam-
ple, is a specialized support that can have considerable
benefits for AYAs with cancer. Navigation programs are
intended to meet the needs of underserved patient popula-
tions,28 and literature suggests that AYA patients have been
chronically underserved in the health care system.4 CCA
currently has an AYA navigation program available,29 to
provide support to younger patients and families by coordi-
nating care across the health care system and reducing bar-
riers to care.28 The navigator can also act as a liaison between
patients and providers to help improve experiences by pro-
moting access to information and services and aiding in
seamless transitions, all in keeping with a person-centered
model of care.29–31

How PROs can contribute
to system-level improvements

One of the key strategies identified in the 2019 AYA
Framework from CPAC is the recommendation of using
routinely collected PROs data to drive evidence-based
improvements across entire health care systems.1 However,
there are gaps that prevent system-level changes from taking
place, specifically in the area of oncofertility and fertility
preservation. There are few data quantifying how well-
informed AYA patients are on these issues, although litera-
ture suggests that the majority may not receive fertility

Table 2. Regression Analysis Summary for Age Cohort (Adolescents and Young Adults vs.

Older Adults) on Edmonton System Assessment System-Revised Symptoms

ESAS-r symptoms b SE 95% CI for B b t p

Pain AYA -0.222 0.056 -0.332 to -0.113 -0.024 -4.00 0.000
Tiredness AYA -0.159 0.063 -0.283 to -0.036 -0.015 -2.53 0.012
Drowsiness AYA -0.016 0.057 -0.127 to 0.095 -0.002 -0.286 0.775
Nausea AYA 0.065 0.038 -0.010 to 0.140 0.010 1.71 0.087
Lack of appetite AYA -0.192 0.053 -0.296 to -0.089 -0.022 -3.65 0.000
Shortness of breath AYA -0.568 0.053 -0.672 to -0.464 -0.063 -10.7 0.000
Depression AYA 0.132 0.053 0.028 to 0.235 0.015 2.50 0.013
Anxiety AYA 0.387 0.057 0.276 to 0.499 0.040 6.80 0.000
Well-being AYA -0.139 0.060 -0.257 to -0.022 -0.014 -2.33 0.020

Note: reference group = OA cohort.
b, standardized coefficient; b, unstandardized coefficient; CI, confidence interval; ESAS-r, Edmonton System Assessment System-

Revised; SE, standard error.

Table 3. Multivariate Negative Binomial

Regression Model for Age Cohort

(Adolescents and Young Adults vs. Older Adults)

on Canadian Problem Checklist Domains

CPC domains Wald p aRR (95%)

Emotional AYA 13.5 0.000 1.235 (1.104–1.383)
Social/family/

spiritual
AYA 8.34 0.004 1.240 (1.072–1.435)

Practical AYA 1.65 0.199 1.098 (0.952–1.265)
Physical AYA 1.69 0.194 0.938 (0.821–1.033)
Mobility AYA 0.20 0.658 1.053 (0.838–1.322)
Nutrition AYA 0.14 0.713 0.974 (0.844–1.123)
Informational AYA 2.00 0.157 1.128 (0.955–1.334)

Note: reference group = OA cohort.
aRR, adjusted rate ratio; CPC, Canadian Problem Checklist.
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counseling even though many feel that maintaining their
options for having biological children is a high priority.32,33

Efforts should be taken to ensure that this topic is discussed in
detail so that fertility preservation is considered a viable
option for all AYAs with cancer.34–37

The current CCA PROs questionnaire does not include a
question on fertility preservation, however, work is underway
to incorporate an additional screening question on this topic,
which would be given to patients aged 45 and younger.38 To
align with this new question, education is being developed
to help support staff in discussing fertility preservation and
taking appropriate actions.

Limitations

While this study contributes interesting findings to the
AYA literature, certain limitations must be acknowledged.
As this study relied on PROs data, only patients who com-
pleted a PROs questionnaire within the study time period
could be included. We have no visibility of the symptoms and
concerns of AYA cancer patients who did not complete a
questionnaire. The nature of this study was cross-sectional to
include as many patients as possible, as the majority only
completed one PROs questionnaire within the timeframe.
Because of this, only the first questionnaire from each patient
with multiple questionnaires was included. While a cross-
sectional method has been utilized in similar studies, it pre-
vents a longitudinal analysis of how AYAs’ symptoms and
concerns change over time. As AYAs are at a stage of life
where circumstances and needs can change quickly and fre-
quently, a longitudinal analysis could reveal important find-
ings,9,10 and will be considered in the future.

It is important to note that, although all cancer patients
aged 40 and older were grouped as a cohort for this study, this
was done only to enable comparisons to the AYA group. We
are not suggesting that all patients in this older cohort share
the same concerns; on the contrary, literature suggests that
cancer patients who are truly ‘‘older adults,’’ meaning pa-
tients aged 65 and older, have unique needs that impact their
experience with cancer.39,40

Conclusion

The needs of AYAs with cancer can be distinct and may
create unique challenges throughout their cancer journey.
The survival rate for this group continues to increase, but

impacts on long-term psychosocial, physical, and practical
outcomes cannot be ignored. AYAs are likely to live many
years beyond their diagnosis, and inadequate supports or
unmet needs can result in years of distress and disability.
Providers must be able to identify and respond to these needs
and help AYAs in managing their concerns and accessing
appropriate resources. Using PROs is an important step to
help tailor individualized care for AYAs, given their rapidly
changing and sometimes vulnerable stage of life. Analyzing
PROs can also help inform and guide the creation and devel-
opment of larger AYA-specific programming and services.
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