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ABSTRACT
Background Clinical delays may be important
contributors to outcomes among younger adults (<50
years) with colorectal cancer (CRC). We aimed to describe
delay intervals for younger adults with CRC using health
administrative data to understand drivers of delay in this
population.
Methods This was a population-based study of adults
<50 diagnosed with CRC in Ontario, Canada from 2003
to 2018. Using administrative code-based algorithms
(including billing codes), we identified four time points
along the pathway to treatment—first presentation with a
CRC-related symptom, first investigation, diagnosis date
and treatment start. Intervals between these time points
were calculated. Multivariable quantile regression was
performed to explore associations between patient and
disease factors with the median length of each interval.
Results 6853 patients aged 15–49 were diagnosed with
CRC and met the inclusion criteria. Males comprised 52%
of the cohort, the median age was 45 years (IQR 40–47),
and 25% had stage IV disease. The median time from
presentation to treatment start (overall interval) was 109
days (IQR 55–218). Time between presentation and first
investigation was short (median 5 days), as was time
between diagnosis and treatment start (median 23 days).
The greatest component of delay occurred between first
investigation and diagnosis (median 78 days). Women,
patients with distal tumours, and patients with earlier
stage disease had significantly longer overall intervals.
Conclusions Some younger CRC patients experience
prolonged times from presentation to treatment, and time
between first investigation to diagnosis was an important
contributor. Access to endoscopy may be a target for
intervention.

INTRODUCTION
The incidence of colorectal cancer (CRC) is
increasing in younger adults (<50 years)—
this trend has been identified in Canada,
the United States, Italy, Australia and other
nations.1–4 CRC mortality in this population is
also rising, and these patients are more likely
to be diagnosed with advanced and metastatic
disease compared with older adults.5–7 Only
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WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Excessive time to diagnosis and treatment may

be associated with worse outcomes, and younger
adults with colorectal cancer might be particularly
affected. This population is largely not eligible for
population-based screening and often presents with
advanced disease.

WHAT THIS STUDY ADDS
⇒ Using population-
based data in Ontario, Canada,

we reported time from first presentation to first investigation, diagnosis, and treatment among 6853
colorectal cancer patients <50 years. The median
time from presentation to treatment start was 109
days and the greatest component of delay occurred
between first investigation and diagnosis (median
78 days).

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
⇒ While younger adults are investigated in a timely

fashion, many have prolonged waits to diagnosis
in particular. Given colorectal cancer diagnosis was
most often made during endoscopy, access to this
resource is an important target for future research
or policy.

16% of younger adults will have an identifiable predisposing factor and therefore most
will not be eligible for screening.8
Delays to diagnosis and treatment have
been suggested as possible contributors to
poor outcomes.8–10 However, the literature
reporting delay intervals in younger CRC
patients is heterogeneous and of variable
quality. The Aarhus statement is an international consensus document that has been
published in an effort to improve the methodology of cancer delay studies and includes
standardised definitions of delay intervals.11
There is a paucity of large, population-based
studies, and few examine pre-diagnostic intervals, which may be particularly important in
1
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a younger population.7 Pre-diagnostic intervals include
time occurring between the development of cancer-
related symptoms and diagnosis. However, it is challenging to identify pre-
diagnostic time points such as
the date of first presentation using health administrative data.11 Important advances in methodology have
been made,12–14 including algorithms developed for
population-based databases.15
These newer approaches have not focused specifically
on younger adults with CRC, and important intervals in
this group remain understudied. Time from the date
of first presentation with CRC-related symptoms to the
date of first investigation (the doctor interval11 may be a
source of delay for younger CRC patients if they experience misdiagnosis or do not receive timely access to initial
investigations. Previous studies have not reported this
interval for younger CRC patients and have been limited
in their ability to understand the relative contributions
of individual intervals to the overall delay experienced.
The aim of this study was to describe important time
points and delay intervals along the pathway to treatment
for adults <50 with CRC using population-based health
administrative data and associated factors to understand
potential drivers of longer intervals in this population.
METHODS
Study design and data sources
This was a population-based cohort study of adults <50
years diagnosed with CRC in Ontario, Canada. Data were
obtained from ICES16 (formerly known as the Institute
for Clinical Evaluative Sciences), an independent, non-
profit research institute that maintains health administrative data for more than 14 million Ontario residents
and provides de-identified linked datasets to researchers.
Using a unique encrypted identifier, patient data were
linked from 15 separate data sources and analysed at
ICES (online supplemental material 1). We followed the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement17 and the Aarhus
checklist, a quality assessment tool for cancer delay
studies11 in the preparation of this manuscript (online
supplemental material 2). The Research Ethics Board
at the University of Toronto (number 41634) and St.
Michael’s Hospital (number 21-207) approved this study.
Patient population
Using the Ontario Cancer Registry (OCR), we identified
Ontario residents aged 15–49 with valid Ontario Health
Insurance Plan (OHIP) numbers who were diagnosed
with CRC (online supplemental material 3) between 1
October 2003 and 31 December 2018. This time frame
accounted for a change in administrative data in Ontario
from International Classification of Diseases (ICD)−9 to
ICD-10 beginning in 2001.18 The OCR is a high-quality
population-
based cancer registry operated by Cancer
Care Ontario since 1964, with over 94% of included
CRCs being microscopically confirmed.19 Exclusion
2

Figure 1
interest.

Pathway to treatment and delay intervals of

criteria included previous malignancy in the OCR, CRC
diagnosis on death certificate only, appendiceal cancer
and inflammatory bowel disease (IBD). Patients with
IBD were identified20 21 and excluded as we anticipated
this population to have a unique diagnostic journey with
some eligible for CRC surveillance (online supplemental
material 3).
Outcomes
Using detailed health administrative data, we identified
four distinct time points along the pathway to treatment22—first presentation with a CRC-related symptom,
first investigation, diagnosis date and treatment start. This
enabled us to measure five overlapping delay intervals
(figure 1). These included the doctor interval (presentation to first investigation), system interval (first investigation to treatment start), diagnostic interval (presentation
to diagnosis) and treatment interval (diagnosis to treatment start) as defined by the Aarhus statement.11 We also
calculated the overall interval (presentation to treatment
start).
While not intervals recognised in the Aarhus statement,
we additionally determined the time from presentation
to the first abdominal/pelvic CT or MRI, and the time
from presentation to first lower endoscopy for descriptive
purposes.
Assigning date of first presentation
In administrative data, to accurately identify the date
of first presentation for CRC-related symptoms, which
may be non-specific, these visits must be distinguished
from routine encounters with the healthcare system. We
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assigned the date of first presentation with CRC-related
signs and symptoms using an algorithm adapted from
prior work by Groome et al,15 23 who defined date of
first presentation based on procedural and diagnostic
codes that occurred more frequently prior to diagnosis
compared with a background period. Codes were organspecific lookback
ised into categories, and category-
periods were established based on when the frequency of
codes was similar to the background rate (online supplemental material 4). This method has been used for oral
cancer, breast cancer and CRC15 23 24 and is being tested
for use in pancreatic cancer.25 The methodology avoids
arbitrary lookback periods, leverages existing health
administrative datasets and allows for a more complete
assessment of the diagnostic journey.23
Based on this algorithm, we assigned the date of first
presentation for each patient using the following steps:
1. For each patient in our cohort, all administrative codes
occurring in the OHIP, National Ambulatory Care
Reporting System, Same-Day Surgery and Discharge
Abstract Database databases up to 18 months prior to
diagnosis were identified.
2. Codes included in the algorithm were retained and
organised by date.
3. Codes were assigned into their respective categories, and any code recorded at a time exceeding the
category-specific lookback period was removed. The
date of the earliest code was identified (online supplemental material 4).
4. Codes included in categories 1–6 were ICD-10 and
OHIP diagnostic codes (online supplemental file 4)
and do not contain information on referring physicians. If the earliest code was included in one of these
categories, this was the date of first presentation.
5. Code categories 7–19 (online supplemental material 4) contained procedural codes and OHIP billing
codes for endoscopy, endoscopic procedures, surgery,
specialist consultations and imaging. For these codes,
referring physician information was available. If any
codes in these categories were identified as the earliest
code, the referring physician was identified, and the
most recent visit with that physician (within 18 months
of diagnosis) was the date of first presentation. If the
referring physician was missing, the most recent encounter with the performing or ordering physician
was used (within 18 months of diagnosis). If both the
referring and performing physician were missing, the
code date itself was the date of first presentation.
We performed sensitivity analyses around the date of
first presentation. We explored four alternative algorithms
to assign date of presentation (online supplemental
material 5). We used the original set of administrative
codes but removed the category-specific lookback dates
from the CRC diagnosis date, instead testing a universal
12-month cut-off and a universal 18 month cut-off. We
examined frequency tables of codes occurring in our
cohort of younger CRC patients, and identified an additional 201 administrative codes plausibly related to CRC
Castelo M, et al. BMJ Open Gastro 2022;9:e001022. doi:10.1136/bmjgast-2022-001022

that were not in the original algorithm (online supplemental material 4). This expanded algorithm was tested
with a 12 and 18 month cut-off from diagnosis date.
Assigning remaining time points
The date of first investigation was defined as the first
occurrence of an intervention or diagnostic test after the
date of first presentation (online supplemental material
4). These included endoscopy, faecal occult blood test,
imaging and blood work. Codes used to determine the
date of presentation were also used for the date of first
investigation when these codes represented the above
tests or interventions. The date of diagnosis was determined from the OCR, which follows a standardised hierarchical method of assigning cancer diagnosis dates; the
earliest among admission date (for hospitalisation), registration date (for emergency visits), diagnosis date in the
cancer centre records or collection date for pathology
confirmation. Finally, the date of first treatment was
defined as the first date of any chemotherapy administration, radiotherapy treatment,or surgical intervention
after diagnosis (online supplemental material 4).
Covariates
Age at diagnosis and sex were determined from the
Registered Persons Database.26 Marginalisation was
measured using the Ontario Marginalization Index
(ON-Marg), which is a validated tool that measures residential instability, material deprivation, dependency,
and ethnic concentration at the neighbourhood level.27
The ON-
Marg contains a number of socioeconomic
variables in its derivation, including average number of
persons per dwelling, residential mobility, per cent lone-
parents families, education, unemployment, per cent
recent immigrants, among others.27 A summary score
was created by averaging each individual’s quintile for
the four measures, with higher scores indicating greater
levels of marginalisation.27 Canadian census data were
used to assign individuals into income quintiles (1 being
the least affluent and 5 being the most affluent), based
on their postal code of residence.28 Rural patients were
considered in a separate category of income, defined as
those living in communities ≤10 000 individuals in size.
We did not include both ON-Marg and income quintile in the same model as they are derived using income
data from the same source. Disease characteristics were
obtained from the OCR, including stage, cancer site,
and cause of death. Stage was available for patients diagnosed after 2007. Access to care was assessed by calculating the use of lower gastrointestinal (GI) endoscopy
(colonoscopy, sigmoidoscopy or anoscopy) over the year
preceding CRC diagnosis in the patient’s Local Health
Integration Network (LHIN), a geographic unit of health
administration in Ontario.
Statistical analysis
Patient characteristics were described. Differences
between age groups (15–39, 40–44 and 45–49 years) were
3
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compared using Wilcoxon Rank Sum tests for continuous
variables and χ2 tests for categorical variables. Descriptive statistics were presented for the length of each delay
interval, in days. Non-linear relationships between intervals and age were explored using restricted cubic spline
regression. Tests for non-
linearity were performed. A
model including age as a linear predictor, and a second
model including a restricted cubic spline with three knots
were fit. A likelihood ratio test was performed between
these two nested models.29
To identify the degree to which the length of delay in
one interval was related to the length of delay in other
intervals, Pearson correlation coefficients were calculated
between all intervals and presented as a correlogram. We
used quantile regression to explore associations between
patient and disease factors with the median length of
each interval. This nonparametric approach has been
widely used, as intervals are frequently right-skewed and
violate distributional assumptions with standard linear
regression.15 30–34 Univariate and adjusted models were
presented. Missing data were handled using pairwise
deletion. The analysis was performed using SAS V.9.4
(SAS Institute, Cary, North Carolina) and R (R Foundation for Statistical Computing, Vienna, Austria). All
statistical tests were two-sided, and a p-value of≤0.05 was
considered statistically significant. Because this study was
exploratory and hypothesis-generating, adjustments for
multiple comparisons were not made.35
RESULTS
Patient and disease characteristics
From the OCR, 8081 patients aged 15–49 were diagnosed
with CRC between 2003 and 2018. After exclusions, 7053
patients remained. We were unable to assign a date of first
presentation for 200 patients, resulting in 6853 patients
included in the analysis (online supplemental material
6). Patient characteristics are presented in table 1. Men
comprised 52% (3,587) of the cohort, and the median
age was 45 years (IQR 40–47). Rectal cancer patients
represented 31% of the cohort. For those diagnosed after
2007 when stage of disease was available, 25% of patients
presented with stage IV disease. Patients aged 15–39 were
more likely to have stage IV disease (28% age 15–39, 24%
age 40–44, 25% age 45–49; p<0.001) and proximal colon
cancer (39% age 15–39, 32% age 40–44, 34% age 45–49;
p<0.001) compared with older patients (table 1).
Patient characteristics stratified by sex are presented in
online supplemental material 7.
Characterising dates of first presentation, investigation and
diagnosis
Codes defining the date of first presentation, investigation
and diagnosis were visualised and explored (figure 2).
The date of first presentation was characterised mainly
by physician encounters for abdominal pain, diarrhoea,
constipation/obstruction, and rectal bleeding. Additionally, codes for abdominal X-ray and general surgery
4

consultations were common. The date of first investigation consisted of abdominal imaging, endoscopy and
more general interventions such as blood work and chest
X-rays. The diagnosis date was most often characterised
by endoscopy and endoscopic biopsies.
Delay intervals
Descriptive statistics for the five intervals are presented
in figure 3, table 1. The median time from presentation to treatment (overall interval) was 109 days (IQR
55–218). The overall interval can be divided into the
diagnostic and treatment intervals. Most of this time was
contained within the diagnostic interval (median 78 days,
IQR 28–186). Median time from diagnosis to treatment
(treatment interval) was 23 days (IQR 7–40). The overall
interval can also be divided into the doctor and system
intervals. In our cohort, we found the doctor interval was
a median of 5 days (IQR 0–36) and the system interval was
a median of 77 days (IQR 36–160). The alternative algorithms produced very similar intervals (median different
of 0 days for all intervals).
There were weak correlations between contiguous
intervals (doctor/system intervals and diagnostic/treatment intervals; online supplemental material 8). Longer
doctor intervals were weakly and negatively correlated
with system intervals (correlation coefficient −0.09;
p<0.001). There was no significant correlation between
diagnostic interval and treatment interval (correlation
coefficient=0.02; p=0.085).
The median time from presentation to first abdominal/pelvic CT or MRI was 46 days (IQR 7–142), and
median time from presentation to first lower endoscopy
was 70 days (IQR 28–163). There was not a significant
difference by age for these measures (table 1).
Factors associated with delay intervals
Table 2 presents adjusted quantile regression for the delay
intervals of interest. Univariate regression is presented in
online supplemental material 9 and 10. Older age was not
significantly associated with the overall interval, doctor
interval, or system interval. None of the relationships was
found to be significantly non-linear (all p>0.05), and age
was modelled as a simple continuous covariate (online
supplemental material 11). Increasing age was associated with shorter diagnostic intervals (median difference
−3.5 days per 5 year increase, 95% CI −6.4 to −0.6) and
longer treatment intervals (median difference 2.0 days
per 5 year increase, 95% CI 1.4 to 2.5). Compared with
man, women had significantly longer overall intervals
(median difference 26.5 days, 95% CI 18.9 to 34.2). More
contemporary diagnosis was associated with a statistically
significant increase in the treatment interval (median
increase 0.5 days per year, 95% CI 0.2 to 0.8) and a statistically significant decrease in the doctor interval (median
decrease 0.2 days per year, 95% CI −0.3 to 0). Patients
with rectal cancer had longer overall intervals compared
with those with proximal colon cancer (median difference 22.1 days, 95% CI 13.2 to 30.9), and most of this
Castelo M, et al. BMJ Open Gastro 2022;9:e001022. doi:10.1136/bmjgast-2022-001022
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Table 1 Characteristics and delay intervals for a cohort of colorectal cancer patients <50 years
Overall
N=6853

15–39 years
N=1540

40–44 years
N=1827

45–49 years
N=3486

Age (years)
Sex

45.0 (40.0, 47.0)

35.0 (31.0, 38.0)

42.0 (41.0, 43.0)

47.0 (46.0, 49.0)

 Male

3587 (52%)

809 (53%)

931 (51%)

1847 (53%)

 Female

3266 (48%)

731 (47%)

896 (49%)

1639 (47%)

ON-Marg
Summary Score

3.00 (2.25, 3.50)

3.00 (2.50, 3.75)

2.75 (2.25, 3.50)

3.00 (2.25, 3.50)

Missing

76

13

15

48

Characteristic

Income quintile

<0.001
0.4

0.017

0.009

 1

1174 (17%)

272 (18%)

310 (17%)

592 (17%)

 2

1154 (17%)

290–300* (19%)

290–300* (16%)

568 (16%)

 3

1234 (18%)

289 (19%)

352 (19%)

593 (17%)

 4

1298 (19%)

289 (19%)

353 (19%)

656 (19%)

 5

1231 (18%)

252 (16%)

332 (18%)

647 (19%)

Rural

748 (11%)

139 (9.0%)

190 (10%)

419 (12%)

Missing

14

<10*

<10*

11

Stage (percentages reflect diagnoses 2007 and later)

<0.001

 I

884 (17%)

161 (13%)

253 (18%)

470 (18%)

 II

1082 (21%)

243 (20%)

309 (22%)

530 (20%)

 III

1939 (37%)

465 (39%)

491 (35%)

983 (37%)

 IV

1321 (25%)

337 (28%)

338 (24%)

646 (25%)

 Pre-2007

1320

264

360

696

 Missing

307

70

76

161

Disease site

<0.001

 Proximal colon

2363 (34%)

603 (39%)

590 (32%)

1170 (34%)

 Rectum

2103 (31%)

461 (30%)

564 (31%)

1078 (31%)

 Sigmoid and
rectosigmoid

2387 (35%)

476 (31%)

673 (37%)

1238 (36%)

4208 (3482, 4681)

4179 (3401, 4639)

4166 (3369, 4632)

Use of lower
4181 (3411, 4648)
GI endoscopy
in patient LHIN
(procedures per
100 000 residents
in last year)

Time from presentation to first abdominal/pelvic CT or MRI (days)
46 (7, 142)

47 (7, 165)

47 (7, 140)

46 (7, 130)

 Mean (SD)

92 (108)

98 (114)

92 (109)

88 (105)

 Range

0, 500

0, 486

0, 500

0, 482

 Missing

4221

866

1129

2226

Time from presentation to first lower endoscopy (days)

0.071

 Median (IQR)

70 (28, 163)

79 (27, 182)

70 (30, 172)

67 (28, 154)

 Mean (SD)

111 (108)

117 (112)

113 (109)

107 (106)

 Range

0, 493

0, 486

0, 456

0, 493

 Missing

1680

451

416

813

Doctor interval (presentation to first investigation; days)
5 (0, 36)
36 (68)

4 (0, 42)
38 (70)

0.029

0.6

 Median (IQR)

 Median (IQR)
 Mean (SD)

P-value

0.9
4 (0, 36)
36 (68)

5 (0, 35)
34 (66)
Continued
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Table 1 Continued
Characteristic

Overall
N=6853

15–39 years
N=1540

40–44 years
N=1827

45–49 years
N=3486

 Range

0, 462

0, 456

0, 409

0, 462

 Missing

99

31

18

50

System interval (first investigation to treatment; days)

P-value

0.2

 Median (IQR)

77 (36, 160)

78 (34, 168)

80 (39, 163)

74 (37, 155)

 Mean (SD)

114 (107)

116 (109)

117 (108)

112 (105)

 Range

0, 763

0, 601

0, 638

0, 763

 Missing

470

108

108

254

Diagnostic interval (presentation to diagnosis; days)

0.002

 Median (IQR)

78 (28, 186)

89 (28, 208)

83 (30, 195)

72 (27, 176)

 Mean (SD)

121 (117)

129 (121)

124 (117)

115 (115)

 Range

0, 519

0, 503

0, 519

0, 502

Treatment interval (diagnosis to treatment; days)

<0.001

 Median (IQR)

23 (7, 40)

20 (4, 35)

24 (8, 41)

25 (8, 42)

 Mean (SD)

29 (31)

25 (31)

29 (30)

30 (32)

 Range

0, 357

0, 343

0, 357

0, 350

 Missing

384

82

91

211

Overall interval (presentation to treatment; days)

0.052

 Median (IQR)

109 (55, 218)

113 (51, 233)

114 (58, 226)

106 (56, 208)

 Mean (SD)

148 (121)

152 (125)

153 (121)

145 (120)

 Range
 Missing

0, 763
384

0, 631
82

0, 638
91

0, 763
211

Presented are median (IQR) or N (%) unless otherwise specified.
*Ranges are given so as to suppress small cells of missing data
GI, gastrointestinal; LHIN, local health integration network.

difference was contained within the treatment interval
(median difference 19.6 days, 95% CI 17.9 to 21.4). More
frequent use of lower GI endoscopy in the patient’s LHIN
was associated with significantly shorter overall, diagnostic and system intervals.
More advanced stage was consistently associated with
shorter delay intervals. Compared with those with stage I
disease, the median time from presentation to treatment
for patients with stage IV disease was more than 2 months
shorter (adjusted median difference for overall interval
−61.3 days, 95% CI −72.5 to −50.2). Differences were also
apparent between patients with stage I and stage II or
stage III disease (stage II vs stage I overall interval median
difference −34.3 days, 95% CI −48.1 to −20.4; Stage III
versus stage I overall interval median difference −41.7
days, 95% CI −54.1 to −29.3).
DISCUSSION
In this population-based cohort study, 6853 adults <50
years diagnosed with CRC between 2003 and 2018 in
Ontario were found to have median intervals from first
presentation to first treatment (overall interval) of 109
days. More than 25% of these patients had overall intervals greater than 218 days (7.2 months). We found the
6

greatest contributor to the overall interval was time from
first investigation to treatment (median 77 days), while
the median time from diagnosis to treatment start was 23
days. We found initial investigations occurred a median 5
days after presentation in younger CRC patients. Among
patients with stage available, 25% presented with stage
IV disease, and more advanced stage was strongly associated with shorter intervals. Factors associated with longer
overall intervals included female sex and distal tumours.
This is the first study to identify the date of initial investigation using health administrative data and report the
doctor interval and system interval among younger adults
with CRC. We found the median doctor interval was short
(5 days), suggesting when younger patients seek medical
attention, the initial workup is begun in a timely fashion
for most patients. However, most of these consisted of
blood work, ultrasound, and X-rays. Time to more definitive investigations, including CT, MRI or endoscopy took
longer. After diagnosis, the median time to treatment
was also within recommended cutoffs of 1 month for
most patients,36 37 although there was a small increase in
this interval over the study period. However, our results
demonstrate that the period of time most contributory to
overall wait time was between the first investigation and
Castelo M, et al. BMJ Open Gastro 2022;9:e001022. doi:10.1136/bmjgast-2022-001022
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Figure 2 Health administrative codes included in the algorithm occurring on the first date of presentation, investigation and
diagnosis. Codes are identified by type, including Canadian Classification of Health Interventions (CCI) codes, International
Classification of Diseases version 10 (ICD-10) codes, Ontario Health Insurance Program (OHIP) billing codes and OHIP
diagnostic codes. The top 10 codes for each time point by frequency are presented.

diagnosis. For most patients, the date of diagnosis corresponded to the date of endoscopy, indicating that access
to endoscopy was a key driver of the overall wait time for
patients.
The literature reporting delay intervals in younger
adults with CRC is heterogenous.7 15 38 39 Webber et al15
established the algorithm used in this study to identify
the date of first presentation and examined the diagnostic interval among 23 961 adults (mean age 68.6
years) with CRC in Ontario. There were 1902 adults <50
years in the study, and the median diagnostic interval
was 111.5 days in those <35 years, decreasing to 73 days
in patients aged 45–49. An additional Canadian study
by Sikdar et al39 examined 822 younger CRC patients in
Alberta, demonstrating a median diagnostic interval of
81 days. Finally, Price et al38 studied 1206 younger adults
with CRC in the UK using health administrative data
and reported the diagnostic interval to be a median of
65 days. Despite using different population-based data
sources and a variety of algorithms for determining the
date of first presentation, these results are very similar to
our result for the diagnostic interval (median 78 days).
Our findings regarding the treatment interval are also in
keeping with previous large reports. In a very large analysis of the National Cancer Database (NCDB), Gabriel et
al7 found the mean time from diagnosis to treatment was
11.2 days among 94 143 younger colon cancer patients,
and 22.0 days among 58 947 younger rectal cancer
patients. The mean treatment interval was 29 days for our
cohort, and we similarly found rectal cancer patients had
longer treatment intervals. We identified only two studies
Castelo M, et al. BMJ Open Gastro 2022;9:e001022. doi:10.1136/bmjgast-2022-001022

reporting the overall interval (presentation to treatment start), both including less than 100 younger CRC
patients.40 41 This literature shows many younger patients
will wait longer than 2 months from presentation to diagnosis with CRC and some will have much longer delays
(>6 months) but will subsequently receive treatment in a
timely fashion.
Patients who experienced longer intervals were more
likely to have early stage disease. This is consistent with
previous work. Webber et al15 similarly showed CRC
patients with stage I disease had the longest intervals
(median 104 days for the diagnostic interval) compared
with those with higher stage disease (stage IV median 62
days for the diagnostic interval), although this included
mainly older adults. Among 253 younger adults in the
USA, Chen et al42 demonstrated CRC patients with
early stage disease had longer times for three intervals
(symptom onset to presentation, presentation to diagnosis and symptom onset to diagnosis). This phenomenon has been recognised in cancer populations more
broadly than just those with CRC, where it is hypothesised
tumours that are more aggressive within the same cancer
type may be more likely to cause bothersome symptoms
and lead patients to present more quickly, thus shortening
the interval to diagnosis.43 This U-shaped relationship
between interval length and disease severity/mortality
has been demonstrated in patients with colorectal, lung,
melanoma, breast and prostate cancer.44
Strengths of this study include the population-based
nature of the data and large sample size. Our cohort
included a broad sample of younger patients with CRC,
7
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Figure 3 Length of delay intervals and time from presentation to first abdominal/pelvic CT or MRI, and from presentation to
first lower endoscopy in a cohort of colorectal cancer patients <50 years.

including 25% with metastatic disease at presentation.
We used previously published algorithms to identify the
date of first presentation15 23 24 and extended this work to
include the date of first investigation. This allowed us to
report novel intervals among younger CRC patients that
have not previously been explored (doctor interval and
system interval). The algorithms used were able to assign
dates of presentation and investigation in over 95% of
patients, demonstrating their utility in future research.
Our analysis was guided by international consensus-
derived guidelines for the definitions of delay intervals
(Aarhus statement,11 and we used sensitivity analyses to
8

explore the date of first presentation. Finally, we used
quantile regression to examine factors associated with
intervals, which is an appropriate nonparametric method
for analysing skewed data such as wait times.15 30–34
This study has limitations. While the algorithms used to
identify the date of first presentation have been previously
reported and published, they are not validated against
patient charts directly.15 23 24 Thus, there is the possibility
for misclassification. We explored the cohort’s healthcare encounters prior to CRC diagnosis and identified an
additional 201 administrative codes that were not present
in the original algorithm in a sensitivity analysis. We also
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Effect estimates are presented as median days with 95% CIs.
Models are adjusted for age, sex, ON-Marg score, disease site, access to lower endoscopy, year of diagnosis, density of specialists and stage (diagnoses in 2007 and later).
GI, gastrointestinal; LHIN, local health integration network.

<0.001

<0.001

Ref

<0.001

0.001

0.096

<0.001

0.098

 I

Stage

Ref

 Proximal colon

Disease site

3.7
ON−Marg Summary
Score (increase in one (−0.7 to 8.1)
point)

−3
(−6.5 to 0.5)

P-value

Median
difference
(N=5113)

Median
difference
(N=4982)

Age (increase in 5
years)
Sex

Characteristic

Doctor interval

Overall interval

Overall interval

Table 2 Multivariable quantile regression for delay intervals of interest with patient and disease characteristics
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varied the lookback periods within the algorithm, and
these sensitivity analyses did not change the results of the
study. Our results are also comparable to those reported
by other high-quality population-based studies on delay
in younger adults with CRC using different methods and
data sources, providing some degree of external validation.7 15 38 39 While the period between the onset of
symptoms and first presentation is highly important in
determining the overall length of delay experienced, we
were unable to ascertain this interval with health administrative data. Finally, the data used in this analysis do not
contain the indication for diagnostic tests and thus investigations such as blood work may not have been conducted
as part of investigation of CRC signs or symptoms.
This large population-based study has described five
delay intervals among patients <50 years of age with CRC
in Ontario, Canada. Some patients in this study experienced prolonged times to treatment, and an important
contributor to delay is the time from first investigation
to diagnosis. Given the diagnosis of CRC was commonly
made with endoscopy, access to this service is an
important target for future research, and potentially
intervention for younger patients. Further, we have identified an apparent disparity in outcomes between men
and women, with young women experiencing a median
26.5 days longer time to treatment from presentation
warranting further research.
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