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Abstract

Background: Given the rising incidence of young-onset colorectal cancer (yCRC) among individuals younger than
50 years old, understanding the economic burden of yCRC is required to inform the delivery of healthcare services.
Therefore, we conducted a systematic review of studies assessing the direct medical costs of yCRC, and where rel-
evant average-age onset CRC (@aCRC).

Methods: We searched MEDLINE, EMBASE, and Web of Science from inception to May 2022 for original, peer-
reviewed studies, that reported direct medical costs (e.g., chemotherapy, radiotherapy, outpatient visits, inpatient
care, prescription medications) for yCRC and aCRC. We used a modified version of the Consolidated Health Economic
Evaluation Reporting Standards checklist to appraise the studies. Costs were inflation-adjusted to 2020 US dollars.

Results: We included 14 studies from 10 countries, including the USA, England, France, Korea, Vietnam, China, Italy,
Australia, Canada and Japan. Five studies focused on prevalent disease and reported annualized per-capita cost of
prevalent yCRC, ranging from $2,263 to $16,801 and $1,412 to $14,997 among yCRC and aCRC cases, respectively.
Nine studies estimated the cost of incident disease. Synthesis of per-capita costs incurred 12 months following colo-
rectal cancer diagnosis ranged from $23,368 to $89,945 for yCRC and $19,929 to $67,195 for aCRC. Five studies used
multivariable approaches to compare costs associated with yCRC and aCRC, four showed no differences and one
suggested greater costs with yCRC.

Conclusion: Our synthesis of direct medical costs of yCRC across multiple jurisdictions provide relevant information
for healthcare decisions, including on-going considerations for expanding CRC screening strategies to younger adults.

Keywords: Young-onset colorectal cancer, Costs, Systematic review

Introduction

Colorectal cancer (CRC) is the third most common
malignancy and the second most deadly cancer world-
wide [1]. With respect to CRC, in 2020 alone there
were an estimated of 1.9 million incident cases and 0.9
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million deaths reported worldwide [2]. While the risk of
CRC is the highest in developed countries, middle- and
low-income countries have also reported an increasing
trend in the incidence of CRC, which may be due to the
adoption of different lifestyle choices, such as decreased
physical activity and diet modifications [1]. Although
CRC is traditionally considered a disease in older adults,
with average age of onset at 50 years or older (aCRC),
research over the past decade has shown a rise in the
incidence of young-onset colorectal cancer (yCRC)
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across the world — that is, CRC occurring in individu-
als younger than 50 years [3]. Specifically, a 2019 cohort
study which explored increasing yCRC incidence in vari-
ous countries around the globe, reported a greater annual
percent change in incidence among yCRC versus aCRC
in countries such as Australia (+1.10% vs. -0.35%), Brazil
(4+9.20% vs.+5.72%) and Japan (+2.63% vs. + 0.90%) [4].

With the increasing risk of yCRC, comes the need for
understanding its economic impact; of particular interest
are direct medical costs — costs that are directly related
to provision of medical services for patient care (i.e., pre-
scription medications, inpatient care, outpatient visits,
chemotherapy, radiation therapy). Additionally, individu-
als with yCRC are more often diagnosed at later stages
and with metastatic disease in comparison to individuals
with aCRC, largely due to the lack of age-specific diag-
nostic guidelines [5]. As a result, yCRC patients tend to
receive more aggressive treatments, particularly those
involving multi-agent systemic chemotherapy and local
irradiation, which may lead to higher costs overall [6].
However, it is unclear whether direct medical costs of
yCRC have been evaluated. As such we conducted a sys-
tematic review to: 1) understand how the economic bur-
den of yCRC has been evaluated (e.g., are there specific
studies; are there studies of CRC that also include those
with yCRC; what age cut-off has been used to define
yCRC); 2) to synthesize reported direct medical costs of
yCRC; and 3) where relevant, compare direct medical
costs between yCRC and aCRC.

Methods

Search strategy

We conducted a literature search of Ovid MEDLINE,
Ovid Embase and Science Citation Index and Social Sci-
ences Citation Index via Web of Science from inception
to July 15, 2021, and then updated the search on May 30,
2022. To ensure comprehensive capture of articles that
may assess YCRC as a subgroup of CRC, we employed a
broad search strategy to identify articles on CRC across
all ages, from which data pertaining to yCRC could be
extracted. Our search strategies used a combination of
subject headings (e.g. Medical Subject Headings in Med-
line) and keywords to locate studies. Search terms related
to economics/costs were adapted from a search filter
developed by Canadian Agency for Drugs and Technolo-
gies in Health [7] (Tables S1-3).

Study selection

We reviewed titles and abstracts to identify published
studies that met our systematic review inclusion criteria
of: 1) an original study; 2) published in a peer-reviewed
journal as a full-length article; 3) patient population with
CRC or yCRC; 4) published in English; and 5) reported
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the direct medical cost of yCRC, defined as costs directly
related to provision of medical services for patient care
(e.g., surgery, prescription medications, inpatient care,
outpatient visits, chemotherapy therapy and radiation
therapy). Given potentially different age cut-offs for
defining ‘young-onset, for the purposes of our system-
atic review, we broadly considered an age cut-off of up
to 65 years old in their cost estimation and reported as
yCRC. We excluded non-original literature (i.e., reviews
and editorials), economic evaluations (i.e., cost-effective-
ness of interventions or programs), studies which esti-
mated costs associated with co-morbidities related to
CRC or side effects of cancer treatment, studies referring
to the cost of CRC screening, studies comparing costs
associated with different cancer treatment protocols, and
conference proceedings. While the aim of our study was
to extract the direct medical costs associated with CRC
treatment, we also accepted studies that included cost of
illness prior to diagnosis in their definition for CRC treat-
ment, as many countries lack standard screening proto-
cols, resulting in increased spending prior to pathological
confirmation of diagnosis. Three authors (RG, VC, VV)
independently reviewed the titles and abstracts of articles
identified from literature search and resolved discrepan-
cies by consensus. Abstracts that met our inclusion cri-
teria were forwarded for full-text review. The same three
authors independently assessed articles eligible for a
full-text review based on the inclusion criteria. To assess
included studies for quality, we used a modified version
of the Consolidated Health Economic Evaluation Report-
ing Standards (CHEERS) checklist [8], which includes
elements that assess for both study and reporting qual-
ity and has been used in prior cost of illness systematic
reviews [9] (Table S4). We defined studies that scored 14
or greater points on the modified CHEERS checklist as
studies of ‘good quality’

Data abstraction and synthesis

To characterize the included studies, we extracted infor-
mation on country, data source, length of follow-up,
cancer site (i.e., colon, rectum), sex, sample size, and
age-cut off used for estimating and reporting costs. Of
particular interest in our systematic review, we extracted
detailed information on: 1) costing approach, such as
source of payment (i.e., public health spending, private
health insurance, out-of-pocket costs); 2) payer perspec-
tive (i.e., societal, healthcare provider); 3) whether costs
were attributable to (i.e., the mean difference in cost of
care between individuals with cancer and without, also
referred to as net costs) or associated (i.e., all-cause
costs incurred after a CRC diagnosis, which may include
the cost of CRC treatment and co-existing conditions)
with CRC; and 4) cost components (e.g., chemotherapy,
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radiation, outpatient visits, inpatient care, and pre-
scription medications). We then extracted the reported
per-capita direct medical costs for both prevalent (i.e.,
existing and newly diagnosed patients) and incident
cases of yCRC, and where relevant, aCRC. Also, where
relevant, we extracted information on cost compari-
sons between yCRC and aCRC cases, specifically those
based on the use of multivariable approaches. For brev-
ity in our reporting of results, we use the term ‘costs’ to
refer to direct medical costs. To facilitate comparisons,
all extracted costs were inflation-adjusted to 2020 USA
dollars (USD) using the Consumer Price Index unless
otherwise specified. Costs in the original currency are
provided in Table S5.

Results

Literature search results

Our search strategy resulted in 17,764 articles on July
15, 2021 and 1,584 articles in the May 30, 2022 update
(Fig. 1). Article assessment led to exclusions for the fol-
lowing reasons: did not report direct medical costs; did

not include patients under the age of 65; and did not
report costs stratified by age. Overall, 14 studies met
all eligibility criteria and were included in the system-
atic review — 10 from the original search and 4 from the
update.

Study characteristics

Characteristics of studies included in the systematic
review are shown in Table 1. We grouped studies accord-
ing to those of prevalent (n=5) [10-14] or incident dis-
ease (n=9) [15-23]. Studies varied in countries where
they were conducted, which included the USA [11, 17,
19], England [15, 18], France [16], China [12, 20], Korea
[10], Vietnam [13], Italy [14], Australia [21], Canada [22]
and Japan [23]. Five studies utilized claims data from
a health insurance database [10, 16, 17, 19, 23], three
used data abstracted from hospital medical records [12,
13, 20], four used administrative health data [14, 15, 18,
22], one study used data from a nationally representa-
tive medical expenditure survey [11], lastly another study
linked self-reported survey data with an administrative
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health database [21]. It must also be noted that stud-
ies which relied on either survey data [11, 21] or hos-
pital medical records [12, 13, 20], may omit data from
non-responders and those receiving care from other
hospital(s), respectively, which may impact the general-
izability of their cost estimates. Most studies estimated
the cost of CRC, except for three studies which reported
cost estimates by cancer site. Specifically, studies by
Gigli and Taplin et al., focused on rectal [14] and colon
[17] cancer, respectively, while Goldsbury et al., strati-
fied cost estimates by age and cancer site (i.e., colon and
rectum) [21]. CRC was identified using International Dis-
ease Classification codes in 10 studies [10, 13, 14, 16-19,
21-23], two studies used hospital medical records [15,
20], and two studies relied on self-reported diagnosis [11,
12]. With respect to cancer stage at diagnosis, 10 studies
included CRC patients with stage I to IV disease [12-18,
20, 22, 23], two studies did not report cancer stage [10,
11], one study included CRC patients with a stage IV de
novo (no prior CRC diagnosis) diagnosis or a recurrent
(previously diagnosed with stage I-III CRC) cancer diag-
nosis [19], and one study reported cancer severity by the
extent of cancer metastasis (i.e., localized, regional, dis-
tant metastases) [21]. Overall, nine studies [12, 14, 15,
18-23] scored well against the modified CHEERS check-
list with scores > 14 and thus being classified as studies of
‘good quality’ (Table S4). Items not consistently reported
by studies that scored below 14 points on the modified
CHEERS checklist [10, 11, 13, 16, 17] included, specifi-
cation of their study perspective (i.e., authors failed to
specify their costing perspective), detailed methods for
how they estimated resource utilization and costs com-
ponents, the price date and conversion rate used, and
provision of study parameters (i.e., values, references and
ranges for input values used to estimate cost).

Costing methodologies

Table 2 highlights aspects of the costing methodology
employed by each included study. Given our particular
interest in those with yCRC, we synthesized age cut-offs
applied, which varied from <50 years in five studies [10,
13, 14, 22, 23],<55 years in three studies [12, 20, 21],
and < 65 years in six studies [11, 15-19]. While all studies
reported costs of CRC treatment (i.e., chemotherapy and
radiation therapy) and in-patient visits (i.e., hospitaliza-
tion), only seven of the included studies considered costs
related to ambulatory care, including both outpatient
medical visits and prescription medications [10-12, 14,
16, 17, 23]. Additionally, studies varied in terms of the
selected costing perspective, with five studies adopting a
societal perspective (i.e., considering both patient out-of-
pocket costs and health provider spending) [10-13, 20]
and nine studies adopting a health provider perspective,
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of which six estimated public payer spending [14, 15,
18, 21-23] and three utilized data from private payers,
including insurance companies [16, 17, 19].

Direct medical costs of prevalent yCRC

Table 2 summarized key results, namely reported costs
for yCRC and where relevant, aCRC. Five studies of
prevalent disease reported the annualized per-capita
cost for existing as well as new cases of CRC [10-14].
Four out of the five aforementioned studies estimated
the annualized per-capita cost associated with CRC (i.e.,
all-cause costs incurred after a CRC diagnosis, which
may include the cost of CRC treatment and co-existing
conditions) [10-13]. Specifically, the annualized per-
capita cost associated with yCRC ranged from $2,263
to $16,801 (inflation-adjusted to 2020 USD) and $1,412
to $14,997 for aCRC (costs in original currency are pro-
vided in Table S5). Among studies estimating the preva-
lence based cost of CRC, Byun et al. used administrative
health data in Korea to account for the cost of treatment
(i.e., chemotherapy, radiation and outpatient/inpatient
visits) and prescription medications related to a CRC
diagnosis (i.e., costs for prescription medications unre-
lated to CRC treatment were excluded), with estimated
per-capita costs associated with yCRC ranging from
$9,778 to $16,078 and $13,658 to $16,801 among males
and females, respectively. [10]. Inspection of costs strati-
fied by sex and age categories (i.e., 10-19, 20-29, 30-39,
40-49 years) suggest higher costs among females and
younger age groups. Next, Zheng et al., used the Medi-
cal Expenditure Panel Survey in the US and estimated
costs associated with yCRC to be $13,837 and the net
cost of illness (or attributable costs, defined as costs of
CRC cases minus cancer-free controls) to be $9,745 [11].
Here, net costs accounted for 70% of the total cost of ill-
ness incurred by individuals with yCRC. This contrasts
to those with aCRC where net costs ($5,537) accounted
for 37% of the total cost of illness ($14,997) [11]. Authors
also stratified the overall reported cost by cost com-
ponents (i.e., outpatient/inpatient visits and prescrip-
tion medications), with outpatient visits accounting for
57% ($5,597) of the net cost for yCRC, in comparison
to 30% ($1,668) of the net cost for aCRC patients [11].
Additionally, it must be noted that the yCRC age cut-off
applied by Zheng et al., is 65 years [11], while remain-
ing studies employed age cut-offs of <50 [10, 13, 14] or
55 years old [12]. Using hospital medical records and
patient-reported survey data, Huang et al., used gener-
alized linear models to compare the cost of yCRC and
aCRC [12]. Specifically, they demonstrated that costs did
not significantly differ for those diagnosed at less than
45 (p=0.419), 45-54 (p=0.131) and 55-64 (p=0.522)
years old compared to those diagnosed at 65 (reference)
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years or older [12]. Among prevalence-based, cost esti-
mates by Tran et al., in Vietnam, were the lowest — rang-
ing from $2,263 to $2,517 and $1,412 to $2,191 for yCRC
and aCRC, respectively. Low estimation of costs associ-
ated with CRC may be attributed to the use of medical
expenditure data from a single hospital site. Additionally,
authors did not specify whether they included costs for
radiation and chemotherapy in their cost estimates, as
they simply stated that ‘cancer treatment’ were included
in their calculations [13].

Among more recent studies, Gigli et al., used admin-
istrative health data to estimate costs directly related to
rectal cancer treatment (i.e., cost calculation only con-
sidered the cost of procedures and medications used
for rectal cancer treatment) by phases of care [14]. Spe-
cifically, among young-onset rectal cancer patients costs
were estimated to be $27,692, $3,709 and $31,359 during
the initial (first 12 months of treatment), continuing (the
months between the continuing and terminal phase) and
terminal (last 12 months before death) phases of care,
respectively [14]. Here, authors found the cost of hospi-
talizations to be the main driver of the total cost estimate
for each phase of care. Cost estimates followed a decreas-
ing trend with age, with average-age onset rectal cancer
treatment costs ranging from $18,214 to $24,083, $1,620
to $3,290, and $7,311 to $25,450 during the initial, con-
tinuing and terminal phases of care, respectively [14].

Direct medical costs of incident yCRC

Nine studies estimated the per-capita cost of incident
CRC cases, with differences between the selected time
horizon, point of care (i.e., treatment phase, continuing
phase) and cancer site (i.e., colon or rectum). Of note,
in contrast to prevalence-based costing studies that
reported age cut-offs consistent with current definitions
of yCRC (i.e., cut-offs at 45, 50 years), the majority (n=>5)
of incidence-based costing studies used an age cut-off of
less than 65 years old [15-19].

Five out of the nine included studies captured costs
incurred 12 months following a CRC diagnosis, with
reported per-capita costs ranging from $23,368 to
$89,945 and $19,929 to $67,195 among yCRC and aCRC,
respectively [15, 16, 18, 19, 22]. Using data from a health
insurance database in France, Clerc et al., stratified their
cost estimates by the different healthcare components
and reported that 54% ($24,988) and 52% ($22,489) of
overall costs incurred during the first 12 months follow-
ing a CRC diagnosis to be attributed to inpatient hos-
pital visits, among yCRC and aCRC respectively [16].
Additionally, the study employed a multivariate linear
regression model to evaluate the impact of covariates
on the cost associated with CRC and found no signifi-
cant association with age at diagnosis [16]. Next, using
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electronic health records from a cancer registry in the
US, Ritzwoller et al., estimated the cost associated with
de novo metastatic (stage IV) cancer to be $89,945 and
$67,195 among yCRC and aCRC, respectively [19]. Paszat
et al,, conducted a cohort study in Ontario, Canada using
administrative health data and estimated the cost CRC
among individuals with a hereditary CRC syndrome to
be $44,291 and $41,063 among yCRC and aCRC patients,
respectively [22]. Lastly, studies by Hall et al. and Laudi-
cella et al., used an extended time horizon and captured
costs beyond 12 months after diagnosis [15, 18]. Spe-
cifically, with the use of administrative health data in
England, Hall et al,, estimated the cost associated with
yCRC to be $19,097, $23,368 and $25,319 at 6, 12 and
15 months post-diagnosis, respectively [15]. Authors
also used multivariate linear regression models, which
demonstrated that age at diagnosis did not significantly
impact cost associated with CRC care [15]. Similar
results are seen by Laudicella et al., who used administra-
tive health data in England and stratified costs by stage
at diagnosis. Here authors extended the time horizon
to 9 years since diagnosis, with the highest cost being
incurred during the first 12 months after diagnosis [18].
Cost estimates stratified by stage of diagnosis, indicate
a greater difference in the cost of illness between early
and late stage diagnosis among yCRC (stage 1/II $27,360;
stage III/IV $35,206; difference -$7,846), as this trend
was less pronounced among aCRC patients (stage I/II
$26,048; stage I1I/IV 28,277; difference -$2,229) [18].

Shi et al,, used hospital medical records in China to
examine trends in the cost of CRC treatment over time
(time horizon unspecified) [20]. Here, authors found the
costs associated with CRC become increasingly more
expensive over the years. Particularly among individuals
with yCRC, as the per-capita cost between 2009 and 2011
was estimated to be $9,846 compared to $7,085 between
2002 and 2011 among yCRC patients less than 45 years
old. However, this trend was less pronounced among
aCRC patients greater or equal to 65 years old (2002—
2011, $6,933; 2009-2011, $8,354) [20].

Utsumi et al., used national health insurance claims
data in Japan and estimated costs associated with CRC
stratified by age and treatment type [23]. Specifically,
among yCRC patients the mean cost of care ranged from
$5,717 to $8,733 for those who received endoscopic
treatment, $22,755 to $26,386 for those who received
surgery, and $55,713 to $72,016 for those who received
palliative care (i.e., consider non-curable CRC) [23]. In
contrast to the aforementioned studies, cost estimates
followed an increasing trend with age at diagnosis, as
the mean cost of care ranged from $8,184 to $12,811,
$26,507 to $33,424 and $70,936 to $80,516 among aCRC
patients who received endoscopic, surgical and palliative
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care, respectively. The low cost of care for patients who
received endoscopic treatment, which relates to a lower
stage at diagnosis relative to the surgical and palliative
treatment groups (indicating late stage diagnosis) among
both yCRC and aCRC patients, emphasizes the cost-ben-
efits of early stage diagnosis and treatment.

Lastly, two out of the nine included studies stratified
cost estimates by age and cancer site [17, 21]. Taplin
et al,, used electronic health records from a cancer reg-
istry in the USA to estimate the cost of colon cancer at
different stages of care among young-onset patients. Spe-
cifically, costs were estimated to be $28,013 $30,046 and
$2,594 during the initial (first 6 months of treatment),
terminal (last 6 months before death) and continuing
(the months between the continuing and terminal phase)
phases of care, respectively [17]. Meanwhile, Goldsbury
et al,, linked survey data to an administrative health data-
base and estimated the cost associated with CRC, strati-
fied by both age and cancer site [21]. Specifically, they
estimated the cost of colon cancer to be $36,064 and
$23,251 to $31,869 among young-onset and average-age
onset patients, respectively [21]. In comparison to colon
cancer, there was a greater cost associated with rectal
cancer, estimated to be $40,720 and ranged from $30,754
to 36,488 among young-onset and average-age onset
patients, respectively. Additionally, use of multivariable
gamma regression models demonstrated costs estimates
to be greater among those diagnosed with colon cancer
between the age of 45 and 54 years (effect size 1.10, 95%
confidence interval [CI] 1.00-1.12), compared to those
diagnosed at the age of 65-74 (reference) [21]. Among
rectal cancer patients, a greater estimated cost of care
was observed among those diagnosed between the ages
of 45-54 (effect size 1.15, 95% CI 1.03—1.28) and 55-65
(Effect size 1.09, 95% CI 1.00-1.18), compared to those
diagnosed at the age of 65-74 (reference) [21].

Discussion

In light of the increasing risk of yCRC [3, 24, 25], we
aimed to synthesize evidence on direct medical costs
associated with this disease as reported in the 14 included
studies in our systematic review. Studies were conducted
in 10 countries with different healthcare systems and
applied various approaches to costing the direct medi-
cal expenditure incurred after a CRC diagnosis, including
differing time horizons, data sources and consideration
of cost components, all of which led to substantial varia-
tion in cost estimates. Among included studies, the annu-
alized per-capita cost of prevalent cases of yCRC ranged
from $2,263 to $16,801 (inflation-adjusted to 2020 USD),
which provides a snapshot of global healthcare spending
on yCRC. Whereas, per-capita costs incurred 12 months
following a yCRC diagnosis ranged from $23,368 to
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$89,945. The costs of incident yCRC provide an estimate
of healthcare spending on cancer treatment, which is
primarily driven by the cost of chemotherapy, radiation
and inpatient care. The majority of studies that evaluated
the impact of age of diagnosis did not report statistically
significant differences in the costs of yCRC and aCRC.
Indeed, an economic burden of yCRC that is similar to
aCRC represents substantial impact in the context of
increasing risk of yCRC [3, 24, 25], and lends to the ongo-
ing discussions regarding the potential benefits of earlier
screening, along with the need for increasing education
and awareness for yCRC.

To our knowledge, direct medical costs associated with
yCRC have not been systematically evaluated. While
Yarboff et al., conducted a systematic review of studies
that estimated the economic burden of CRC in 2013, the
authors largely focused on evaluating costing methodolo-
gies of the included studies [26]. Specifically, they found
included studies, even when conducted within the same
country, varied in their use of data source, patient pop-
ulation, types of medical services included in their cost
calculations and study methodology used to estimate the
cost of CRC. These differences across included studies led
to substantial variation in cost estimates, and reinforces
the need for consistency when reporting patient charac-
teristics, methods and cost estimates in future studies,
which will facilitate the comparison of cancer spending
across jurisdictions [26]. Perhaps a reflection of the time
when this prior systematic review was conducted, they
did not provide age-stratified cost estimates, which pre-
cluded extrapolation to yCRC. Similar to the systematic
review by Yarboff et al., we also report substantial hetero-
geneity in the costing methodologies adopted by included
studies, suggesting the need for consistency or standardi-
zation of the approach to estimating and reporting direct
medical expenditure. Indeed, when we assessed the qual-
ity of included studies, while the majority scored well on
the modified CHEERS checklist, many studies did not
specify their study perspective (this information was
extrapolated based on data source used to estimate costs
for a majority of the included studies), and a detailed
description of the various components included in their
cost estimates. However, in order to inform resource allo-
cation, it is essential for a cost of illness studies to specify
the perspective (i.e., who is spending the money?) as well
as cost components.

Aside from synthesizing reported costs, observed
trends across included studies have implications for
better understanding of yCRC. For example, as dem-
onstrated by findings from Ritzwoller et al, and Lau-
dicella et al., costs associated with late stage (stage III/
IV) or metastatic CRC were particularly pronounced
among yCRC patients, with Rizwoller et al., reporting
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the cost associated with a metastatic cancer diagnosis to
be $89,945 among yCRC patients, compared to $67,195
among aCRC [18, 19]. Additionally, findings by Laudi-
cella et al. demonstrate a more pronounced difference in
healthcare expenditure between stage I/II (early stage)
and stage III/IV (late stage) among yCRC (-$7,846), com-
pared to aCRC patients (-$2,229) [18]. These findings
may also be due to the use of more aggressive treatments
such as multi-target chemotherapy regimens, tumor
resections and radiotherapy among yCRC patients [27].
Aside from cancer stage, cancer site may also contribute
to differences in costs and is likely driven by differences
in treatment approaches. Although included studies
reported costs associated with differing cancer site (e.g.,
colon, rectum), the majority did not further stratify those
costs by age at diagnosis. Nonetheless, a recent study by
Goldsbury et al., reported higher costs associated with
rectal cancer in comparison to colon cancer [21]. These
findings are of particular relevance given the contribu-
tion of rectal cancers to the increasing risk of yCRC [24].
Overall, these results demonstrate the need for future
studies to stratify costs associated with yCRC by stage
and cancer location to further elucidate the impact of age
at diagnosis on healthcare spending and potential cost
savings associated with yCRC asymptomatic screening.
While the aim of our study was to capture costs for
yCRC, which has largely been defined among adults diag-
nosed with CRC before the age of 50 years [28], due to
limited availability of studies that provide cost estimates
by patient subgroups (i.e., age at diagnosis) we consid-
ered studies that stratified reported costs based on a cut-
off of 65 years and defined individuals diagnosed at less
than 65 years of age as ‘young-onset’ for purposes of our
systematic review. However, given the rising incidence
of yCRC and recent studies indicating a marked increase
in CRC cases as individuals shift from 49 to 50 years of
age [24, 25], which occurs prior to the age of asympto-
matic screening for many countries, it becomes prudent
to estimate the cost of CRC at more frequent age inter-
vals (i.e., <45 and<50) to inform the need for lowering
the age of CRC screening. For example, in Canada, the
topic of lowering the age of colorectal cancer screening
to 45 year old (currently 50 years old) is highly debated
[29]. While experts agree that given the rising incidence
of yCRC the expansion of screening protocols may
improve mortality outcomes, they are uncertain whether
this may translate to a cost benefit due to the opportu-
nity cost incurred by the increased demand for screening
tests (i.e., colonoscopy and fecal immunochemical test)
[29]. Therefore, to evaluate the cost—benefit of lowering
the age of CRC screening it is critical to estimate the cost
of yCRC diagnosis, defined as those less than 50 years
old. Specifically, this information will have implications
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for future economic analysis which may model the eco-
nomic impact of lowering the age of CRC screening to
45 years old.

The strengths and limitations of our systematic review
warrant discussion. To ensure a thorough literature
search, we developed our search strategy in collaboration
with an information scientist who executed all database
searches. An original and updated search further ensures
comprehensive and timely capture of relevant studies
to date. While we standardized all costs to 2020 USD to
facilitate interpretation, we caution comparison of costs
estimates across different jurisdictions due to differences
in the delivery and cost of healthcare services, which
also prohibited us from pooling the data (i.e., meta-
analysis). As the focus of our study was on direct medi-
cal costs of yCRC, we did not synthesize indirect costs
such as productivity loss, which is relevant given that as
young adults, individuals with yCRC comprise a greater
majority of the work-force. As mentioned earlier, for the
purposes of our systematic review we considered indi-
viduals diagnosed with CRC younger than 65 years old as
‘young-onset. As such our synthesis may not accurately
represent our target population of younger adults diag-
nosed with CRC.

In conclusion, synthesis of available evidence suggests
that the per-capita costs of yCRC is substantial and does
not significantly differ from the per-capita costs of aCRC.
Given the global rise in the incidence of yCRC [3] and
evidence that individuals with yCRC are more frequently
diagnosed with late stage disease [5], an economic bur-
den of yCRC that is similar to aCRC represents substan-
tial healthcare spending. However, given the identified
limitations in the current literature, it is necessary for
future studies to estimate the direct medical expenditure
associated with yCRC at ages less than 50 years old and
to further stratify cost estimates by stage at diagnosis and
cancer site to further elucidate impact of these character-
istics on healthcare spending. These cost considerations
will be particularly relevant, given expansion of screening
strategies to include those less than 50 is a current policy
question in many countries [29, 30].
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