
Can J Gastroenterol Vol 26 No 12 December 2012 877

Trends in time to diagnosis of colon cancer  
and impact on clinical outcomes
Harminder Singh MD MPH1,2,3, Emma Shu MSc4, Alain Demers PhD2,4,  

Charles N Bernstein MD1,3, Jane Griffith PhD2,4, Katherine Fradette MSc MPH4

1Internal Medicine; 2Community Health Sciences; 3IBD Clinical and Research Centre, University of Manitoba; 4CancerCare Manitoba, Department of 
Epidemiology and Cancer Registry, Winnipeg, Manitoba

Correspondence: Dr Harminder Singh, Section of Gastroenterology, 805-715 McDermot Avenue, Winnipeg, Manitoba R3E 3P4.  
Telephone 204-480-1311, fax 204-789-3972, e-mail singh@cc.umanitoba.ca

Received for publication March 15, 2012. Accepted May 2, 2012

Wait times for cancer diagnosis and treatment are a persistent 
concern to the public and have received increasing attention in 

many countries over the past decade. In Canada, the issue of wait times 
for health care has generated considerable attention since the September 
2004 ‘Deal for a Decade’ meeting of the Premiers and the Prime 
Minister of Canada, which identified five priority service areas includ-
ing cancer treatment. Most Canadian provinces, including Manitoba, 
have since focused on monitoring and controlling treatment delays 
(1,2). For diagnostic delays, the focus has been on wait time for radio-
logical tests because they are the essential modality in the diagnosis of 
most cancers (1,2). The diagnostic work-up for colorectal cancer 
(CRC), however, differs from most other common cancers in that 
CRCs are often diagnosed using lower gastrointestinal endoscopy. CRC 
is the third most common cancer among Canadian men and women, 
and the second most common cause of cancer-related deaths (3). 

There are limited data on time to diagnosis of CRC in Canada. In 
a recent study, we estimated that overall health system wait times or 
time from presentation to treatment of CRC in Manitoba increased 
between 2001 and 2005 (4). The largest increase occurred in the 
time to diagnosis. However, wait times have only received increased 
attention since 2005, following the federal provincial agreement of 
2004. It is, therefore, possible that the time to CRC diagnosis could 
have started decreasing since 2005. On the other hand, there has 
been a rapid increase in opportunistic CRC screening activity in 
Canada over the past decade (5), which could have led to further 
increase in diagnosis delays due to increasing demands on diagnostic 
services. 

There are no Canadian data on the consequences of diagnostic 
delays for CRC on patient outcomes such as stage at diagnosis and 
survival.  
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BACKGrouND: There has been a rapid increase in screening for col-
orectal cancer (CRC) over the past several years in North America. 
This could paradoxically lead to worsening outcomes if the system is not 
adapted to deal with the increased demand. For example, this could 
create increased wait times for endoscopy and delayed time to CRC 
diagnosis, which could worsen clinical outcomes such as stage at diag-
nosis and/or survival. No previous Canadian study has evaluated the 
association between time to CRC diagnosis and clinical outcomes. 
METHoDS: The present historical cohort study used Manitoba’s 
population-based cancer registry and Manitoba Health administrative 
databases. The effect of time to diagnosis on patient survival was 
evaluated using Cox regression analysis with adjustment for stage at 
diagnosis, grade of CRC, age, sex, socioeconomic status, comorbidity 
index score and year of CRC diagnosis. The association between time 
to diagnosis and CRC stage at diagnosis was evaluated using multi-
variate logistic regression analysis.  
rESulTS: The median time to CRC diagnosis increased significantly 
from 72 days (95% CI 61 days to 83 days) in 2004 to 105 days (95% CI 
64 days to 129 days) in the first three months of 2009 (P=0.04). There 
was no significant association between time to diagnosis and survival. 
Individuals with the longest time to diagnosis were less likely to have stage 
III/IV CRC at diagnosis (quartile 4 versus quartile 1: OR 0.50 [95% CI 
0.33 to 0.75). 
CoNCluSioN: Time to CRC diagnosis is continuing to increase in 
Manitoba. Although the present study did not detect a significant 
negative clinical effect of increasing time to diagnosis, additional stud-
ies are required. 
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les tendances entre le délai avant de diagnostiquer 
le cancer du côlon et les répercussions sur les 
issues cliniques

HiSToriQuE : Le nombre de tests de dépistage de cancer colorectal 
(CCR) augmente rapidement depuis quelques années en Amérique du 
Nord. Paradoxalement, ce phénomène pourrait aggraver les issues si le 
système n’est pas adapté pour faire face à l’augmentation de la 
demande. Par exemple, il pourrait susciter une augmentation des 
temps d’attente en endoscopie et un retard du diagnostic de CCR, ce 
qui pourrait aggraver l’issue clinique, telle que le stade du cancer au 
diagnostic ou la survie. Aucune autre étude canadienne n’a évalué 
l’association entre le délai avant le diagnostic de CCR et les issues 
cliniques.
MÉTHoDoloGiE : Dans la présente étude de cohorte rétrospective, 
les chercheurs ont fait appel au registre du cancer en population du 
Manitoba et aux bases de données administratives de Santé Manitoba. 
Ils ont évalué l’effet du délai avant le diagnostic sur la survie des 
patients au moyen de l’analyse de régression de Cox, rajustée d’après le 
stade au diagnostic, le grade de CCR, l’âge, le sexe, la situation socioé-
conomique, l’indice de comorbidité et l’année du diagnostic de CCR. 
Ils ont évalué l’association entre le délai avant le diagnostic et le stade 
de CCR au diagnostic au moyen d’une analyse de régression logistique 
multivariée.
rÉSulTATS : Le délai médian avant le diagnostic de CCR a aug-
menté de manière significative, passant de 72 jours (95 % IC 61 jours 
à 83 jours) en 2004 à 105 jours (95 % IC 64 jours à 129 jours) pendant 
les trois premiers mois de 2009 (P=0,04). Il n’y avait pas d’association 
significative entre le délai avant le diagnostic et la survie. Ceux qui 
attendaient le plus longtemps avant le diagnostic étaient moins sus-
ceptibles d’être atteints d’un CCR de stade III ou IV au diagnostic 
(quartile 4 par rapport au quartile 1 : RRR 0,50 [95 % IC 0,33 à 0,75). 
CoNCluSioN : Le délai avant le diagnostic de CCR continue 
d’augmenter au Manitoba. Même si la présente étude n’a pas décelé 
d’effet clinique négatif significatif causé par le délai plus long avant le 
diagnostic, d’autres études s’imposent sur le sujet.
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The aim of the current study was to determine recent trends in 
time to diagnosis for CRC and its association with clinical outcomes. 

METHoDS
A historical cohort of CRC patients was built using Manitoba’s 
population-based cancer registry (MCR) and the administrative data-
bases maintained by Manitoba Health (MH). 

Databases
Patients diagnosed with a colorectal adenocarcinoma between January 1, 
2004 and March 31, 2009 as their first cancer were identified from the 
MCR. The population-based MCR is maintained by CancerCare 
Manitoba, and receives reports on all cases of cancer in Manitoba as 
mandated by the Public Health Act. The coding and capture of cancer 
data are audited regularly by a standards setting group (the North 
American Association of Central Cancer Registries) and the MCR has 
been consistently shown to be of very high quality, including very high 
levels of reporting completeness and histological verification (6). The 
MCR contains key information on patients characteristics (age, sex, 
residence at diagnosis), the tumour (anatomical site, histological type 
and date of diagnosis), treatment (the date and general nature of sur-
gical, radiation and systemic treatment) as well as outcome (death 
date, if applicable). The stage at diagnosis has routinely been recorded 
for all cancer cases since 2004.

MH is the provincial government agency responsible for provision 
of health care to all residents of Manitoba. MH maintains several 
administrative databases for the routine operation of the health care 
system (eg, to ensure the eligibility of health service recipients 
[Manitoba residents], reimburse physicians for services and monitor 
the use of the prescription drug plan). These data may also be used to 
identify key milestones in a patient’s trajectory of care.  

Since 1984, every resident of Manitoba has been assigned a unique 
personal health identification number (PHIN) by MH. Longitudinal 
health services use and outcomes in the province can be ascertained by 

deterministic linkage of health utilization files and other databases 
that use PHINs as a key personal identifier. The accuracy and compre-
hensiveness of these administrative databases have been previously 
established (7-9). To maintain patient confidentiality, unique identi-
fiers were removed from all the databases and linkage of the databases 
were performed using encrypted PHINs. 

Time to CrC diagnosis
The time to diagnosis (time between the index contact and the CRC 
diagnosis) was estimated using previously described methodology (4). 
Briefly, the process began with the diagnosis date for CRC; contacts 
with the health care system were worked backward in time. The first 
gastrointestinal investigation was determined, including abdominal 
radiological imaging (barium enema, computed tomography, ultra-
sound or plain abdominal films), lower gastrointestinal endoscopy or 
fecal occult blood testing (FOBT) in the year before the CRC diagno-
sis. The physician visit before and most likely to have generated the 
referral for the diagnostic investigation was considered the index con-
tact with the health care system. The analysis was restricted to indi-
viduals with residences in Winnipeg and Brandon (the two largest 
municipalities in Manitoba) because some investigations, such as 
radiological tests and FOBT, performed at rural hospitals are not 
always included in the MH administrative databases. Approximately 
two-thirds of the population of Manitoba resides in Winnipeg and 
Brandon. The time to treatment was estimated from the date of CRC 
diagnosis to the date of the first definitive treatment for CRC, as 
recorded in the MCR.

Statistical analysis
Standard descriptive analyses were performed to describe the time to 
CRC diagnosis in the different years. The time trend was analyzed 
using the Jonckheere-Terpstra trend test.

Multivariate Cox regression analysis was performed to determine 
the association of time to diagnosis and survival after diagnosis. 

Table 1
Description of patients diagnosed with colorectal adenocarcinomas included in the study

Year of diagnosis
2004 (n=446) 2005 (n=416) 2006 (n=441) 2007 (n=448) 2008 (n=471) 2009 (n=97) 2004–2009

Age, years, median (IQR) 72 (61–80) 72 (60–81) 73 (60–80) 70 (59–79) 71 (61–80) 70 (61–81) 72 (60–80)
Male sex 223 (50) 215 (52) 236 (54) 242 (54) 249 (54) 56 (58) 1221 (53)
SEFI, median (IQR) −0.03  

(−0.74 to 0.80)
−0.13  

(−0.87 to 0.70)
−0.26  

(−0.87 to 0.72)
−0.17  

(−0.98 to 0.64)
−0.31  

(−1.04 to 0.59)
−0.38  

(−0.97 to 0.19)
−0.15  

(−0.92 to 0.70)
Colorectal cancer site
   Colon 287 (64) 277 (67) 299 (68) 289 (65) 311 (67) 62 (65) 1525 (66)
   Rectosigmoid 50 (11) 38 (9) 42 (10) 52 (12) 52 (11) 8 (8) 242 (10)
   Rectum 108 (24) 101 (24) 100 (23) 107 (24) 101 (22) 26 (27) 543 (24)
Cancer stage
   I 90 (20) 78 (19) 80 (18) 88 (20) 73 (16) 18 (19) 427 (18)
   II 116 (26) 112 (27) 140 (32) 121 (27) 138 (30) 30 (31) 657 (28)
   III 139 (31) 122 (29) 127 (29) 137 (31) 143 (31) 34 (35) 702 (30)
   IV 88 (20) 92 (22) 88 (20) 91 (20) 95 (20) 10 (10) 464 (20)
   Unknown 12 (3) 12 (3) 6 (1) 11 (2) 15 (3) 4 (4) 60 (3)
Charlson comorbidity index score
   0–1 270 (61) 225 (54) 247 (56) 250 (56) 249 (54) 58 (60) 1299 (56)
   2 89 (20) 98 (24) 112 (25) 95 (21) 133 (29) 13 (14) 540 (23)
   ≥3 60 (13) 60 (14) 55 (12) 54 (12) 49 (11) 11 (11) 289 (13)
No hospitalization 26 (6) 33 (8) 27 (6) 49 (11) 33 (7) 14 (15) 182 (8)
Admission through ER in 

the month before CRC 
diagnosis date

135 (30) 129 (31) 126 (29) 92 (21) 124 (27) 16 (17) 622 (27)

Deaths (up to March 31, 
2010)

253 (57) 191 (46) 193 (44) 156 (35) 142 (31) 12 (13) 947 (41)

Data presented as n (%) unless otherwise indicated. CRC Colorectal cancer; ER Emergency room; IQR Interquartile range; SEFI Socioeconomic Factor Index 
(measure of socioeconomic status)
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Individuals with CRC diagnosed between January 1, 2004 and March 
31, 2009 were followed up to migration from the province, death or 
March 31, 2010, whichever occurred first. Multivariate logistic regres-
sion analysis was performed to determine the association between time 
to diagnosis and the tumour stage at diagnosis. Potential confounding 
factors considered included age, sex, socioeconomic status (SES), 
comorbidity index score (Charlson comorbidity index score [10,11], 
based on all diagnoses during the hospitalizations in the year before 
CRC diagnosis), the calendar year of colon cancer diagnosis, stage at 
diagnosis (for survival analysis), tumour grade, site of CRC (colon 
versus rectum [rectosigmoid were included with rectum]), admission 
through an emergency room in the month before diagnosis and the 
type of first gastrointestinal test. SES was assigned to study subjects 
based on their neighbourhood of residence on the date of CRC diag-
nosis using the Socioeconomic Factor Index, a previously validated 
measure (12-14). Potential confounders were retained in the multi-
variate models if they resulted in a 10% or higher change in the crude 
HRs or ORs. Although individuals with FOBT as their first test were 
excluded from the presented regression analysis, sensitivity analyses 
including such individuals had no appreciable effect on the estimates. 
FOBT is usually performed for CRC screening and is the recom-
mended test for CRC screening by the Manitoba’s CRC screening 
program. The time to diagnosis was evaluated as a continuous variable 
and, in alternative models, categorized into quartiles and longest 
(>90th percentile) time to diagnosis versus the rest.

rESulTS
A total of 2310 CRC cases were included in the study (median age 
72 years [interquartile range 60 to 80 years]); 53% of cases were men). 
A summary of the cases is provided in Table 1. The median time to 

diagnosis over all of the study years was 81 days, and increased from 
72 days in 2004 to 105 in 2009 (P=0.04) (Table 2, Figure 1). There was 
no significant increase in time to treatment. The estimated time to 
diagnosis was >161 days for 25% of cases and >277 days for 10% of 
cases. The time between index contact and first colonoscopy increased 
from 72 days in 2004 to 111 days in 2009 (P=0.02). 

Fifty per cent of the cases had stage III or IV disease at diagnosis. 
This association persisted irrespective of whether the time to diagnosis 
was evaluated as a continuous variable or categorized into quartiles 
(Table 3). This association persisted irrespective of whether the time 
to diagnosis as a continuous variable or categorized into quartiles was 
evaluated. Those who waited >90th percentile of time to diagnosis 
had a nonsignificant lower OR for stage III or IV disease. 

Forty one per cent of cases diagnosed over the study period died 
before the end of follow-up in 2010. There was no statistically signifi-
cant association between the time to diagnosis and hazard for death 
after CRC diagnosis (Table 4). Those who waited the longest (>90th 
percentile of time to diagnosis) had a 40% nominally nonsignificant 
increased hazard for death after CRC diagnosis (HR 1.40 [95% CI 
1.00 to 1.96]; P=0.05). There was no significant interaction between 
stage of CRC at diagnosis and time to diagnosis in any of the models 
for hazards for death after CRC diagnosis. 

DiSCuSSioN
Results of the present study suggest that although the time to diagnosis 
for CRC increased between 2004 and 2009 in urban areas of Manitoba, 
the longer time to diagnosis did not have an adverse effect on clinical 
outcomes, such as stage at diagnosis or survival after CRC diagnosis. 

While it seems logical to expect that a very long time to diagnosis 
would adversely affect patient outcomes, CRC is a slow-growing dis-
ease and, hence, the usual times to diagnosis in clinical practice may 

Figure 1) Time to diagnosis according to year of diagnosis. The figure 
includes the time to colorectal cancer diagnosis in the urban areas for 2001 
to 2003 from a previous study (4)

Table 3
Multivariate logistic regression analysis of risk of later-
stage colorectal cancer at diagnosis (III/IV versus I/II) in 
relation to time to diagnosis
Time to diagnosis (days) adjusted OR* (95% CI)
For each increase of 30 days 0.94 (0.89–0.98)
Quartile 1 (<15) 1.00 (Reference)
Quartile 2 (15 to <51) 0.79 (0.52–1.20)
Quartile 3 (51 to <116) 0.59 (0.39–0.89)
Quartile 4 (≥116) 0.50 (0.33–0.75)
≤90 percentile (<239) 1.00 (Reference)
>90 percentile (≥239) 0.84 (0.53–1.33)

*Individuals with fecal occult blood test as their first test were excluded from 
the presented regression analysis. Sensitivity analyses including such indi-
viduals had no appreciable effect on the estimates

Table 2
Time to diagnosis (and treatment) and year of colorectal cancer diagnosis

Year of diagnosis P (time 
trends)2004 2005 2006 2007 2008 2009 2004–2009

Time to diagnosis, days
   Median (95% CI) 72 (61–83) 83 (69–97) 78 (70–92) 78 (63–92) 92 (76–105) 105 (64–129) 81 (75–85) 0.04
   75th percentile (95% CI) 140 (118–167) 159 (139–183) 156 (131–190) 161 (140–188) 201 (169–220) 168 (139–243) 161 (152–174)
   90th percentile (95% CI) 262 (230–298) 277 (253–305) 281 (256–320) 271 (245–305) 287 (271–311) 276 (217–350) 277 (267–291)
Time between index contact and first colonoscopy, days
   Median (95% CI) 72 (61–83) 69 (58–85) 75 (66–86) 68 (55–86) 90 (72–104) 111 (63–127) 76 (69–82) 0.02
   75th percentile (95% CI) 123 (107–150) 141 (117–167) 130 (112–155) 140 (120–174) 175 (151–211) 159 (127–258) 141 (134–154)
   90th percentile (95% CI) 244 (222–294) 264 (217–301) 247 (196–308) 246 (209–280) 271 (257–301) 265 (226–353) 259 (244–271)
Time to treatment, days
   Median (95% CI) 15 (11–20) 13 (8–18) 14 (7–21) 21 (15–26) 20 (11–25) 22 (0–36) 16 (14–19) 0.06
   75th percentile (95% CI) 34 (30–38) 36 (33–42) 42 (36–48) 45 (41–50) 51 (45–61) 53 (42–67) 42 (40–44)
   90th percentile (95% CI) 63 (54–71) 62 (55–73) 67 (60–77) 76 (67–85) 80 (72–92) 82 (67–113) 71 (67–75)
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not have significant adverse effects on patient outcomes – as suggested 
by our study. Data from other countries on the association of diagnostic 
delays for CRC and patient outcomes are conflicting (15,16). 
However, the previous studies did not evaluate the effect of extreme 
delays (eg, >90th percentiles of time to diagnosis) on patient outcomes 
and were performed in countries with different models of health care 
delivery than Canada. Physicians appear to be able to clinically recog-
nize many of the sicker patients with more advanced disease and, 
hence, speed up their evaluation – as suggested by the association 
between shorter time to diagnosis and advanced tumour stage at diag-
nosis in our study. However, the capacity of the health care system to 
respond to the physicians’ efforts in this regard likely varies in different 
jurisdictions. Therefore, it is important to assess the effect of time to 
diagnosis on patient outcomes in different health care systems. Our 
results should be reassuring to health care providers and patients in 
Manitoba, and probably in Canada, that wait times for CRC diagnosis 
in usual practice have, so far, largely not adversely affected major clin-
ical outcomes.  

On the other hand, our results should not discourage efforts to 
decrease diagnostic wait times in Canada. Individuals awaiting evalua-
tion for possible diagnosis of cancer experience an increased anxiety 
level, which may be reduced only by more prompt evaluations. 
Statistical significance should not be the only arbiter of an appropriate 
wait time. Recently, the Organisation for Economic Co-operation and 
Development (OECD) reported that overall, the wait times for health 
care were the longest in Canada, even though Canada spent a higher 
proportion of gross domestic product on health care than the average 
in OECD countries (17). In this regard, our finding of a continuing 
increase in time to diagnosis for CRC over almost a decade (Figure 1) 
is concerning. There was also a signal in our study that extreme times 
to diagnosis for CRC, as are beginning to occur, will start affecting 
clinical outcomes. We found that those with a wait time that was 
>90th percentile time to diagnosis had an increased hazard of death 
after CRC diagnosis that just failed to reach statistical significance. 
Additional studies should evaluate the threshold when the wait times 
to diagnosis become clinically significant. 

The increase in time to diagnosis found in our study was likely at 
least partially due to increased screening for CRC, including screening 
colonoscopy performed opportunistically. Increased screening activity 
with no concomitant organized increase in endoscopy resources and/or 
reorganization of endoscopy services leads to increased demand on 
endoscopy services and could result in increased wait times for 
diagnosis. 

Our results should be interpreted in the context of the present 
study’s strengths and limitations. Manitoba has relatively robust data-
bases, which were used in the study. Cancer stage is the most import-
ant prognostic factor for survival after cancer diagnosis and needs to 
be accounted for in any evaluation of the patient outcomes. Manitoba 
was one of the first provinces to routinely record stage at diagnosis for 
CRC and, hence, we were in a unique position to perform the study. 
We did not rely on patient recall and, therefore, avoided the risk of 

recall bias, which is inherent in studies relying on patient surveys 
after cancer diagnosis. However, the present analysis was a historical 
cohort study and we did not specifically validate the estimated times. 
Prospective databases need to be established to study the different 
components of wait times, but are currently lacking other than for 
time to treatment after diagnosis; electronic health records, when 
more widely used, should make it easier to collect such data. 
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Table 4
Risk of death after a colorectal cancer diagnosis in relation 
to time to diagnosis (multivariate Cox regression analysis)
Time to diagnosis (days) adjusted HR* (95% CI)
For each increase of 30 days 1.01 (0.98–1.05)
Quartile 1 (<15) 1.00 (Reference)
Quartile 2 (15 to <51) 1.03 (0.78–1.37)
Quartile 3 (51 to <116) 0.99 (0.72–1.35)
Quartile 4 (≥116) 1.07 (0.79–1.44)
≤90 percentile (<239) 1.00 (Reference)
>90 percentile (≥239) 1.40 (1.00–1.96)

*Individuals with fecal occult blood test as their first test were excluded from 
the presented regression analysis. Sensitivity analyses including such indi-
viduals had no appreciable effect on the estimates 

CoNCluSioN
Time to diagnosis for CRC increased between 2004 and 2009 in the 
urban areas in Manitoba. However, the present study did not detect 
a negative effect of increasing time to diagnosis on clinical out-
comes. Additional studies should evaluate the threshold at which 
prolonged time to diagnosis starts influencing clinical outcomes in 
usual care in Canada. 
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