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Background: The incidence of colorectal cancer (CRC) is increasing among young
adults. We sought to report on patient and disease characteristics, treatment practice
patterns and outcomes in this population.

Methods: We conducted a retrospective cohort study using administrative health
data from the Alberta Cancer Registry (2004-2015), including demographic and
tumour characteristics, and treatment received. Outcome measures included over-
all and cancer-specific deaths. We used Cox regression and Kaplan—-Meier curves
to assess for factors associated with survival.

Results: We included 18070 patients with CRC (z = 1583 [8.8%] < 50 yr,
n = 16487 [91.2%] = 50 yr). Younger patients were more likely to present with
locally advanced disease (21.0% v. 18.0%, p < 0.0001), stage III (16.4 % v. 14.6%,
p < 0.0001) or metastatic (16.7% v. 13.8%, p < 0.0001) involvement. Younger
patients were more likely to receive surgery (87.2% v. 80.9%, p < 0.0001), chemo-
therapy (59.6% v. 34.1%, p < 0.0001) or radiation therapy (49.5% v. 37.2%,
p < 0.001). At 5 years, overall and cancer-specific survival was better among
younger patients than older patients (30.6% v. 51.5% overall deaths, 27.5% v.
38.4% cancer-specific deaths, p < 0.0001).

Conclusion: Despite higher stage and higher grade disease, young patients with
CRC had more favourable oncologic outcomes than stage-matched older patients,
which may be related to younger patients receiving more aggressive treatment.
Further investigation should focus on optimal treatment patterns for young
patients with CRC.

Contexte : L’incidence du cancer colorectal (CCR) est en hausse chez les jeunes
adultes. Nous avons voulu faire le point sur les caractéristiques de la patientele et
de la maladie, sur les pratiques thérapeutiques et leur issue chez cette population.

Méthodes : Nous avons procédé a une étude de cohorte rétrospective a partir des
données de santé administratives de ’Alberta Cancer Registry (2004-2015), inclu-
ant les caractéristiques démographiques et les propriétés des tumeurs, de méme
que les traitements administrés. Les parameétres mesurés incluaient la mortalité
globale et spécifique au cancer. Nous avons utilisé le modele de régression de Cox
et la courbe de Kaplan—Meier pour évaluer les facteurs associés a la survie.

Résultats : Nous avons inclus 18070 cas de CCR (z = 1583 [8,8 %] < 50 ans,
n = 16487 [91,2 %] = 50 ans). Les patients plus jeunes étaient plus susceptibles de
souffrir d’'une maladie localement avancée (21,0 % c. 18,0 %, p < 0,0001), de stade
IIT (16,4 % c. 14,6 %, p < 0,0001) ou métastatique (16,7 % c. 13,8 %, p < 0,0001).
Les patients plus jeunes étaient plus susceptibles d’étre traités par chirurgie (87,2 %
c. 80,9 %, p < 0,0001), chimiothérapie (59,6 % c. 34,1 %, p < 0,0001) ou radiothéra-
pie (49,5% c. 37,2 %, p < 0,001). Aprés 5 ans, la survie globale et spécifique au can-
cer a été meilleure chez les patients plus jeunes que chez les patients plus dgés
(30,6 % c. 51,5 % pour la mortalité globale et 27,5 % c. 38,4 % pour la mortalité
spécifique au cancer, p < 0,0001).

Conclusion : Malgré un stade plus avancé et un grade plus élevé, les cas de CCR
chez les patients plus jeunes ont présenté une issue oncologique plus favorable que
chez les patients plus 4gés assortis selon le stade de la maladie, ce qui peut
s’expliquer du fait que les patients plus jeunes ont recu un traitement plus agressif.
1l faudra approfondir la recherche sur les pratiques thérapeutiques optimales chez
les patients jeunes atteints de CCR.
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olorectal cancer (CRC) is the third most com-
‘ monly diagnosed malignant disease in both the
United States and Canada.!? Although epi-
demiologic reports have shown a decline in CRC in
those older than 50 years, new evidence has shown an
increase in the incidence of CRC among young adults
in nearly a dozen high-income countries.>* In Canada,
the incidence of CRC in adults younger than 50 years
has increased by a mean annual percentage change of
4.45% for males since 2010 and by 3.47% for females
since 2006.%* Several factors have been postulated to
account for the increase in CRC among young people,
such as the concomitant rise in the incidence of obesity;
however, no specific risk factors have been identified to
selectively target screening for younger individuals.*
About 10% of cases of CRC are now diagnosed in people
younger than 50 years.’*

Young patients with CRC may have a biologically dis-
tinct disease and unique treatment considerations, com-
pared with older patients with CRC. Recent literature
suggests that young patients with CRC are more likely to
present with locally advanced disease, nodal involvement
and metastases at initial diagnosis.”!! Despite this, some
studies suggest that young patients still go on to have bet-
ter outcomes than stage-matched older patients.!? In
addition, previous studies have suggested that young
patients with CRC may be overtreated.” Thus, an
ongoing debate remains with respect to whether younger
patients are being appropriately treated.!*

We sought to report on patient and disease character-
istics, treatment practice patterns and oncologic out-
comes for young patients who received diagnoses of
CRC in Alberta, Canada, over a 10-year period using
provincial administrative health data.

MEeTHODS

We used deidentified, population-based, administrative
data from the Alberta Cancer Registry between the
period of 2004 and 2015. The registry records and
maintains data on all new cancer cases and cancer-
related deaths in Alberta, and is regularly audited to
ensure accuracy, completion and timeliness of data
entry. Reporting of all cancer cases occurring in the
province is mandated by the Regional Health Authorities
Act of Alberta. We performed deterministic linkage to
Alberta Vital Statistics (a division of Statistics Canada).

Patient population

We identified all patients with CRC in the province of
Alberta using codes from the Canadian version of the Inzer-
national Classification of Disease, 10th Revision, Canada (ICD-
10-CA), namely C18-20 (malignant neoplasms of the
colon through rectum) and C26.0 (malignant neoplasm of
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the intestinal tract, part unspecified). We excluded
patients with hereditary polyposis syndrome (ICD-
10-CA code D12.6) or inflammatory bowel disease
(ICD-10-CA code K51.90).

Study variables

We collected patient characteristics, including sex, age,
year of diagnosis, Charlson Comorbidity Index, average
neighbourhood income and education. We extracted
disease characteristics — including stage (tumour,
lymph node, metastasis [TNM] and American Joint
Committee on Cancer [AJCC]), tumour grade and
tumour location (colon, sigmoid or rectum) — and
treatment practice patterns, including health care facil-
ity type (community hospital v. academic centre) where
treatment was received and treatment received (surgery,
chemotherapy, radiation therapy). We collected clinical
outcomes, including average follow-up duration, death
and cancer-specific death.

Statistical analysis

We expressed descriptive statistics of continuous vari-
ables as means and standard deviations. We used
2-tailed Student # tests to make comparisons between
2 groups and analysis of variance with appropriate post
hoc testing to compare differences between 3 or more
groups. We considered p values less than 0.05 statis-
tically significant. We expressed categorical variables as
frequencies, and compared groups using the ¥’ test. We
used the Kaplan-Meier method to estimate overall sur-
vival. We performed multivariate Cox regression analy-
sis to report on factors that affected overall survival. We
adjusted the survival analysis and the Kaplan-Meier
curves by sex, year of diagnosis, Charlson Comorbidity
Index, cardiovascular disease diagnosis, type of health
care facility, cancer size, cancer stage, cancer grade,
receipt of chemotherapy, receipt of radiation therapy,
receipt of surgery, tumour location, education and
income. We generated the adjusted survival curves by
plotting survival function estimates on the event times
for each stratum."”” We performed statistical analysis
using Stata version 14 software (StataCorp).

Ethics approval

Ethics approval of this study was granted by the Health
Research Ethics Board of Alberta Cancer Committee
(HREBA.CC-19-0123).

RESULTS

A total of 18194 patients received diagnoses of CRC in
Alberta during the 2004-2015 period (Figure 1). Of
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2015

18 194 patients in Alberta identified with CRC
from 2004 to 2015

18 070 patients with CRC from 2004 to

Excluded:
e 124 patients with inflammatory bowel disease or
familial polyposis syndromes

1583 patients younger than 50 yr who
received diagnoses of CRC

16 487 patients aged 50yrand older who

received diagnoses of CRC

Fig. 1. Study flowchart. CRC = colorectal cancer.

these patients, 124 were identified as having either a
polyposis syndrome or inflammatory bowel disease and
were excluded from the analysis, leaving 18070 patients
included in the cohort (Figure 1). Of those included,
1583 (8.8%) patients were younger than 50 years and
16487 (91.2%) were 50 years of age or older (Table 1).
There were no differences in proportion by sex
between the younger and older cohort. In the younger
cohort, the average age at diagnosis was 41.9 (standard
deviation [SD] 7.0) years. Most young patients were
otherwise healthy, with 63.5% having a Charlson
Comorbidity Index of 0 or 1, compared with 47.6%
(p < 0.0001) for the older cohort.

Disease characteristics

Younger patients were more likely to present with locally
advanced, T4 disease (21.0% v. 18.0%, p < 0.0001) than
older patients. Younger patients were also more likely to
present with stage III (16.4% v. 14.6%, p < 0.0001) and
metastatic (16.7% v. 13.8%, p < 0.0001) disease at diag-
nosis (Table 1). Patients younger than 50 years had a sig-
nificantly higher proportion of rectal tumours than older
patients (35.6% v. 26.4%, p < 0.0001) (Table 1). Com-
plete staging data were unavailable in 33.2% of younger
patients and 35.6% of older patients, so we performed
sensitivity analyses, with similar results (Appendix 1,
Tables 1-3, available at canjsurg.ca/lookup/doi/10.1503/
¢js.019721/tab-related-content).

Treatment practice patterns

Both younger and older patients with CRC received
treatment at academic and community hospitals in a
near equal distribution, with 53.1% of younger patients
receiving treatment in an academic centre compared

with 51.2% of older patients (p = 0.1363) (Table 2).
Overall, younger patients were more likely to undergo
surgery (87.2% v. 80.9%, p < 0.0001) and receive
chemotherapy (59.6% v. 34.1%, p < 0.0001) (Table 2).
This was particularly true among younger patients with
stage III or stage IV cancer (Table 2). When looking
specifically at patients with rectal cancer, younger
patients were more likely to receive radiation therapy
(64.0% v. 50.9%, p < 0.0001) than the older cohort
(Table 2). Young patients with stage II cancer were
more likely to receive chemotherapy (49.0% v. 19.7%,
p <0.0001).

Outcomes

The mean length of follow-up for younger patients
was 3.9 (SD 3.2) years. During the follow-up period,
the overall mortality rate was 30.6% (27.5% cancer-
specific rate) for patients younger than 50 years, com-
pared with 51.5% (38.4% cancer-specific rate) for
patients aged 50 years and older (p < 0.0001)
(Table 1). Unadjusted Kaplan—Meier regression curves
showed a median overall survival of 4379 days
(12.0 yr) for younger patients and 1665 days (4.6 yr)
for older patients (p < 0.0001) (Figure 2). Adjusted
multivariable Kaplan—Meier regression curves con-
tinued to show better overall and cancer-specific sur-
vival among younger patients (p < 0.001) (Figure 3).

Multivariable regression showed that male sex, year
of diagnosis, a Charlson Comorbidity Index of 2,
tumour grade (2 or 3), not receiving surgery and under-
going treatment in a community centre negatively
affected overall survival significantly for younger
patients (Table 3).

We performed a sensitivity analysis that excluded
patients with missing staging information. The results of
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the analysis were not substantially different, with the
exception of the effect of treatment centre, which was no
longer significant (Appendix 1, Table 3).

DiscussioN

In response to the increased incidence rates of early-
onset CRC, it is important that we further understand
patient and disease characteristics, treatment practice
patterns and oncologic outcomes as they pertain to this
relatively poorly understood disease process.

Our population-based analysis complements much of
the contemporary literature in this area. In keeping with
other studies, we found that 9% of all CRC diagnoses in
Alberta over a 10-year period occurred in patients
younger than 50 years. Currently in Canada, these
patients are younger than those targeted by screening
guidelines for average-risk people.' We found that
younger patients were more likely to present with locally
advanced cancer, with nodal and metastatic involvement
at initial diagnosis. In keeping with other studies, we
showed a higher distribution of rectal cancers in the

Table 1. Characteristics of patients who received diagnoses of colorectal cancer in Alberta from 2004 to 2015

No. (%) of patients*
Patients aged < 50 yr Patients aged > 50 yr
Characteristic n=1583 n=16487 p value
Sex 0.1568
Female 728 (46.0) 7277 (44.1)
Male 855 (54.0) 9210 (65.9)
Age at diagnosis, yr, mean + SD 419=x7.0 704 +11.1 < 0.0001
Diagnosis year 0.0564
2004-2007 483 (30.5) 4951 (30.0)
2008-2011 492 (31.1) 5591 (33.9)
2012-2015 608 (38.4) 5945 (36.0)
Charlson Comorbidity Index <0.0001
0 821 (61.9) 5630 (34.1)
1 184 (11.6) 2223 (13.5)
2 578 (36.5) 8634 (52.4)
Mean neighbourhood income < 0.0001
< $46 000 772 (48.8) 8996 (54.6)
> $46 000 786 (49.6) 7088 (43.0)
Unknown 25 (1.6) 403 (2.4)
Mean neighbourhood educationt 0.0062
<80% 641 (40.5) 7320 (44.4)
>80% 937 (569.2) 9138 (65.4)
AJCC stage < 0.0001
0 8(0.5) 111(0.7)
| 271 (17.1) 2359 (14.3)
Il 255 (16.1) 3464 (21.0)
il 260 (16.4) 2406 (14.6)
I\ 264 (16.7) 2283 (13.8)
Unknown 525 (33.2) 5864 (35.6)
Tumour location <0.0001
Colon 856 (54.1) 10524 (63.8)
Sigmoid 164 (10.4) 1600 (9.7)
Rectum 563 (35.6) 4363 (26.4)
Length of follow-up, yr, mean + SD 3.9+32 3.3+3.0 < 0.0001
Death during follow-up period < 0.0001
No 1099 (69 .4) 7988 (48.4)
Yes 484 (30.6) 8499 (51.5)
Cancer-specific death during follow-up period < 0.0001
No 1147 (72.4) 10160 (61.6)
Yes 436 (27.5) 6327 (38.4)
AJCC = American Joint Committee on Cancer; SD = standard deviation.
*Unless indicated otherwise.
TMean neighbourhood education represents the percentage of people with a highschool degree or higher in a given committee. It is the mean value across an entire community in the
province based on census data.
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younger cohort, which contributes to discussions regard-
ing screening recommendations for patients younger
than 50 years and the potential use of flexible sigmoidos-
copy in this population.

In addition, our analysis offered several nuanced
findings that warrant further discussion. Younger
patients were more likely to receive surgery and
chemotherapy than their older counterparts on a stage-
by-stage basis. This continues to be an area of discus-
sion, as formal treatment guidelines specific to the
treatment of young patients with CRC have yet to be
outlined. A recent retrospective analysis of the
National Cancer Database by Birkett and colleagues'
showed that young patients with stage II CRC were
more likely to receive adjuvant chemotherapy, whether
they were of normal or high risk, without a survival
benefit. Little guidance exists regarding treatment, and
potential overtreatment, of young patients, and this
may increase the risk of morbidity, acute toxicity and
late adverse effects of chemotherapy in this population.
Despite an overall mortality rate of 31% over a mean
tollow-up period of 3.9 years, our Kaplan—Meier
regression did show better overall and cancer-specific
survival in younger patients with CRC, compared with

RESEARCH

older patients. This is consistent with a recent system-
atic review by Griffiths and colleagues,'” which found
that young patients with CRC in North America have
improved survival when controlling for cancer stage. It
remains unclear if this survival benefit is owing to the
ability of young patients to tolerate more aggressive
treatment practices or differing cancer biology. Predic-
tion modelling of oncologic outcomes based on specific
patient and tumour characteristics could help guide
individual treatment for young patients with CRC.
Optimally, a prospective cohort study of young
patients with CRC should be performed to identify
prognostic factors, similar to the Reducing the Burden
of Breast Cancer in Young Women (RUBY) study.'®
Our multivariate regression analysis showed that male
sex, less recent diagnosis (in contrast with patients who
received diagnoses more recently), a Charlson Comor-
bidity Index of 2, tumour grade (2 or 3), not receiving
surgery and receiving treatment in a community hospital
negatively affected overall survival for young patients.
Although some of these variables were expected, outcome
disparities related to treatment centre warrant further
discussion. There is certainly potential for confounding
as young patients with CRC who present to their local

Table 2. Treatment practice patterns of patients who received diagnoses of colorectal cancer in Alberta from 2004 to 2015

No. (%) of patients*
Patients aged < 50 yr Patients aged > 50 yr
Characteristic n=1583 n=16487 p value
Health care facility type
Academic 841 (53.1) 8436 (51.2) 0.1363
Community 742 (46.9) 8051 (48.8)
Surgery
Overall 1381 (87.2) 13334 (80.9) < 0.0001
Stage | 270 (99.6) 2264 (96.0) 0.0024
Stage Il 250 (98.0) 3355 (96.9) 0.289
Stage Il 256 (98.4) 2309 (96.0) 0.0455
Stage IV 131 (49.6) 904 (39.6) 0.0017
Unknown 474 (88.9) 4502 (75.4) <0.0001
Chemotherapy
Overall 943 (59.6) 5625 (34.1) < 0.0001
Stage | 6(2.2) 34 (1.4) 0.3249
Stage Il 125 (49.0) 682 (19.7) < 0.0001
Stage Il 232 (89.2) 1612 (67.0) < 0.0001
Stage IV 214 (81.0) 1149 (50.3) < 0.0001
Unknown 366 (69.7) 2148 (36.6) <0.0001
Radiation (rectal)
Overallt 360 (64.0) 2221 (50.9) <0.001
Stage | 5(4.8) 39 (4.1) 0.6642
Stage Il 50 (56.2) 393 (38.0) 0.0008
Stage Il 101 (70.1) 669 (64.0) 0.1456
Stage IV 54 (47.8) 254 (34.1) 0.0076
Unknown 150 (55.6) 866 (40.4) < 0.0001
*Percentages represent the proportion of patients at each stage treated with a particular modality.
TThe total number of patients younger than 50 years with rectal cancer was 563. The total number of patients aged 50 years or older with rectal cancer was 4363.
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Fig. 2. Unadjusted Kaplan—-Meier curves for (A) overall and (B)
cancer-specific survival.

community hospital may do so because of emergent com-
plications. In addition, treatment setting was not signifi-
cant in our sensitivity analyses. However, other data sup-
port regional variation in cancer care, both in Alberta and
in Canada more broadly.'”?? Patients in community-
based sites may have variable access to necessary
resources such as cancer centres and imaging, and this
may contribute to variable outcomes in this population.
In line with the action plan of the Canadian Partnership
Against Cancer, further attention should be given to sup-
porting high-quality surgical oncology care, eliminating
barriers, establishing pan-Canadian benchmarking strat-
egies and integrating surgical and medical care.??

Limitations

We conducted a retrospective study, with all of the inher-
ent limitations to that study design. The data were
limited to routinely collected variables in the Alberta
Cancer Registry. Although our use of the registry allowed
us to evaluate a large sample size and disease, treatment
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Fig. 3. Multivariable Kaplan-Meier curves for (A) overall and (B)
cancer-specific survival, adjusted for sex, Charlson Comorbidity
Index, year of diagnosis, mean neighbourhood income and edu-
cation level, tumour location, stage, grade, receipt of surgery,
receipt of chemotherapy, receipt of radiation therapy and institu-
tion where treatment was delivered.

and outcome patterns, administrative data lack the detail
and nuances that are present in pathology, operative and
specialist reports. Related to this, we had a substantial
amount of missing data with respect to staging. The rate
of missing data was consistent over the entire period of
study, with no improvement after a particular year, but
there certainly could be a nonbiased pattern to the miss-
ing data. Our median follow-up time of 10 years is rela-
tively short, which prevents us from reporting on longer-
term overall and cancer-specific mortality, which may be
relevant to the younger patient. Finally, given that the
data are from the census level, there is risk of geographic
bias (assuming the overall characteristics of a certain area
apply to an individual living in the area). Future work is
needed to risk stratify analyses and identify select patients
who may benefit from more aggressive treatment meas-
ures and centralized referral to tertiary centres.



Table 3. Multivariate Cox regression analysis of variables

affecting overall survival for patients younger than 50 years
with colorectal cancer

Variable Category Hazard ratio (95% ClI) p value
Sex Female Ref.
Male 1.21 (1.00-1.45) 0.0485
Diagnosis year Continuous 0.96 (0.92-1.00) 0.0421
Charlson 0 Ref. <0.0001
Comorbidity Index 1 1.04 (0.74-1.46) 0.813
2 1.55 (1.27-1.90) <0.0001
AJCC stage Oorl Ref. <0.0001
Il 1.73(0.83-3.61) 0.1437
I 3.09 (1.46-6.52) 0.0031
\% 12.31 (6.19-24.48) <0.0001
Unknown 5.66 (2.91-11.01) < 0.0001
Tumour grade 1 Ref. <0.0001
2 2.28 (1.31-4.00) 0.0039
3 4.43 (2.41-8.15) <0.0001
Unknown 3.18 (1.79-5.64) < 0.0001
Tumour location Colon Ref. 0.9975
Sigmoid 1.01(0.73-1.39) 0.9696
Rectum 1.01(0.78-1.31) 0.9448
Surgery No Ref.
Yes 0.23 (0.18-0.29) < 0.0001
Chemotherapy No Ref.
Yes 0.96 (0.75-1.22) 0.7268
Radiation therapy No Ref.
Yes 0.76 (0.57-1.01) 0.0595
Health care facility Academic Ref.
type Community 1.38 (1.13-1.69) 0.0017
Mean neighbour- < $46 000/yr Ref.
hood income > $46 000/yr 1.13 (0.92-1.40) 0.2488
Mean neighbour- <80% Ref.
hood education* >80% 0.85 (0.69-1.05) 0.1298
AJCC = American Joint Committee on Cancer; Cl = confidence interval; Ref. = reference.
*80% of community has highschool degree or higher. This represents the median value
across the entire community in the province based on Census data.

CONCLUSION

Younger patients with CRC present with more
advanced, higher-grade disease, yet have more favour-
able oncologic outcomes than their older counterparts.
Younger patients were also more likely to be treated
aggressively. Future work should not only focus on early
identification, but understanding the optimal treatment
strategies in this population.
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