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BACKGROUND: Postoperative surveillance following curative-
intent resection of colorectal cancer (CRC) is variably performed due
to existing guideline differences and to the limited data supporting
different strategies.

OBJECTIVES: To examine population-based rates of surveillance
imaging and endoscopy in patients in Ontario following curative-
intent resection of CRC with no evidence of recurrence, as well as
patient or disease factors that may predispose certain groups to more
frequent versus less frequent surveillance; to provide insight to the
care patients receive in the presence of conflicting guidelines, in
efforts to help improve care of CRC survivors by identifying any
potential underuse or overuse of particular surveillance modalities, or
inequalities in access to surveillance.

METHOD: A retrospective cohort study was conducted using data from
the Ontario Cancer Registry and several linked databases. Ontario
patients undergoing curative-intent CRC resection from 2003 to
2007 were identified, excluding patients with probable disease relapse.
In the five-year period following surgery, the number of imaging and
endoscopic examinations was determined.

RESULTS: There were 4960 patients included in the study. Over the
five-year postoperative period, the highest proportion of patients who
underwent postoperative surveillance received the following number
of tests for each modality examined: one to three abdominopelvic
computed tomography (CT) scans (n=2073 [41.8%]); one to three
abdominal ultrasounds (n=2443 [49.3%]); no chest CTs, one to three
chest x-rays (n=2385 [48.1%]); and two endoscopies (n=1845 [37.2%)]).
Odds of not receiving any abdominopelvic imaging (CT or abdominal
ultrasound) were higher in those who did not receive adjuvant chemo-
therapy (OR 6.99 [95% CI 5.26 to 9.35]) or those living in certain
geographical areas, but were independent of age, sex and income.
Nearly all patients (n=4473 [90.2%]) underwent >1 endoscopy at
some point during the follow-up period.

CONCLUSION: In contrast to findings from similar studies in other
jurisdictions, most Ontario CRC survivors receive postoperative sur-
veillance with imaging and endoscopy, and care is equitable across
sociodemographic groups, although unexplained geographical varia-
tion in practice exists and warrants further investigation.
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Les profils de surveillance apres des opérations de
cancers colorectaux a visée curative en Ontario

HISTORIQUIE : La surveillance postopératoire apres une résection de
cancer colorectal (CCR) a visée curative est variable, en raison de dif-
férences dans les lignes directrices et de données limitées en appui a
diverses stratégies.

OBJECTIFS : Examiner les taux de surveillance en population de
I'imagerie et de I’endoscopie chez des patients de 'Ontario aprés une
résection de CCR 2 visée curative sans preuve de récurrence, de méme
que les facteurs liés aux patients ou a la maladie susceptibles de prédis-
poser certains groupes a une surveillance plus fréquente. Donner un
apercu des soins recus en présence de directives contradictoires. Ce
faisant, chercher a améliorer les soins aux survivants du CCR en déter-
minant toute sous-utilisation ou surutilisation potentielle de certaines
modalités de surveillance toute d’inégalité d’acces a la surveillance.
METHODOLOGIE : Les chercheurs ont mené une étude de cohorte
rétrospective au moyen des données du Registre des cas de cancer de
I'Ontario et de plusieurs bases de données qui y sont liées. Ils ont repéré
les patients de I"Ontario qui avaient subi une résection de CCR a visée
curative entre 2003 a 2007, a 'exception des récurrences éventuelles.
Dans les cinq ans suivant l'opération, ils ont répertorié le nombre
d’examens d’imagerie et d’endoscopie.

RESULTATS : Un total de 4 960 patients ont participé a Pétude.
Pendant la période postopératoire de cinq ans, la plus forte proportion
de patients qui s’étaient soumis a une surveillance postopératoire a subi
le nombre suivant de tests par modalité examinée : de une a trois
tomodensitométries abdomino-pelviennes (n=2 073 [41,8 %]); de une
a trois échographies abdominales (n=2 443 [49,3 %]); aucune
tomodensitométrie du thorax, de une a trois radiographies pulmo-
naires (n=2 385 [48,1 %)) et deux endoscopies (n=1 845 [37,2 %]). Le
risque de ne pas subir d’imagerie abdomino-pelvienne (par tomodensi-
tométrie ou échographie abdominale) était plus élevé chez les patients
qui ne recevaient pas de chimiothérapie adjuvante (RR 6,99 [95 % IC
5,26 29,35]) ou qui vivaient dans certaines régions géographiques, mais
ne dépendaient pas de I'Age, du sexe ou du revenu. Presque tous les
patients (n=4 473 [90,2 %]) ont subi au moins une endoscopie pendant
la période de suivi.

CONCLUSION : Contrairement aux observations découlant d’études
similaires menées dans d’autres territoires, la plupart des survivants du
CCR de I'Ontario ont recu une surveillance postopératoire par imagerie
et endoscopie, et les soins sont équitables entre les divers groupes socio-
démographiques. Cependant, il existe des variations géographiques
inexpliquées en pratique, qui justifient un examen plus approfondi.

n Canada, colorectal cancer (CRC) is the third most common cancer in
men and women (13.8% and 11.6%, respectively), but is the second
most common cause of cancer death in men and third most common

cause of cancer death in women (12.7% and 11.6%, respectively) (1).
The Canadian Cancer Society estimated that 23,900 Canadians were
diagnosed with CRC in 2013 and 9200 died from the disease (1).
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TABLE 1

Variation in surveillance guidelines for patients after a curative-intent colorectal cancer resection

Guideline, year

(reference) Abdominopelvic imaging Chest imaging

Endoscopy

ASCO, 2005 (16) CT abdo/pelvis every 12 months
for 3 years in high-risk patients*

ASCO, 2013 (20) CT abdo/pelvis every 12 months
for 3 years in high-risk patients

CT chest every 12 months for
3 years in high-risk patients*

CT chest every 12 months for
3 years in high-risk patients

Colonoscopy at 3 years after resection for colon cancer survivors;
sigmoidoscopy every 6 months for 5 years for rectal cancer
survivors

Colonoscopy 1 year after resection; if normal, repeat at 5 years. If not
performed before diagnosis, colonoscopy should be performed after
completion of adjuvant chemotherapy (before 1 year)

CCO, 2003 (19) May undergo liver imaging at time May have chest imaging at time of Colonoscopy before or within 6 months of resection; if normal, repeat

of clinical assessmentt clinical assessment*

CCO, 2012 (17)  CT abdo/pelvis every 12 months
for 3 years. OR liver U/S every
6 to 12 months for 3 years then
every 12 months for 2 years

NCCN, 2003 (18) CT abdo/pelvis if symptoms

develop

CT chest every 12 months for
3 years. OR chest x-ray every
6 to 12 months for 3 years then
every 12 months for 2 years
CT chest if symptoms develop

at 3 to 5 years; if tubular or villous adenoma >1 cm, repeat at 1 year
Colonoscopy 1 year after resection; if normal, repeat at 5 years

Colonoscopy at 1 year after resection

*Did not define high risk; TCalled for clinical assessment every six months for three years, then every 12 months for five years for high-risk (stage Ilb-Ill) patients,
and every 12 months for low-risk (stage I-lla) patients. abdo Abdominal; ASCO American Society of Clinical Oncology; CCO Cancer Care Ontario; CT Computed

tomography; NCCN National Comprehensive Cancer Network; U/S Ultrasound

Specifically in Ontario, it was estimated that were 8700 new cases of
CRC in 2013 and that 3350 died from the disease, representing some
of the highest rates in the world (1,2). While annual age-adjusted
incidence has remained relatively stable (59 to 65 cases per 100,000
Canadians) since 1985, a decrease in age-adjusted CRC mortality from
33 deaths per 100,000 Canadians in 1985 to 24 in 2007 may reflect
improvements in screening, diagnosis, treatment and surveillance of
CRC patients (1). Nevertheless, approximately 30% to 50% of
patients receiving curative-intent treatment experience a recurrence
(3), and 90% of these recurrences occur in the first five years after
treatment (4). More intensive follow-up of curatively treated cancers
may improve survival if there are additional treatment options avail-
able (5); however, this surveillance may be costly and may pose prob-
lems such as increased exposure to radiation and increased patient
distress (6).

Several studies have investigated the means and effectiveness of
surveillance following primary CRC resection (7-13); a 2008 Cochrane
review examining many of these studies (14) has concluded that there
has been a significant improvement in five-year survival with more-
intensive versus less-intensive follow-up strategies. Substantial varia-
tion among the follow-up strategies used in the included studies
precluded any determination of optimal method and frequency of
follow-up. Furthermore, recent conference proceedings from Mant et
al (15) comparing four different surveillance strategies following cura-
tive resection of CRC revealed that performing a computed tomog-
raphy (CT) scan and obtaining a carcinoembryonic antigen level
within the first one to two years after surgery was equivalent to more
intensive follow-up strategies. Their results suggest that a single evalua-
tion at 12 to 18 months identifies a majority of patients who would
benefit from subsequent surgical intervention, which would likely be
more cost effective (15). Given the variation in surveillance regimens
noted in the literature, it is not surprising that guidelines regarding
CRC surveillance also vary considerably in their recommendations
(16-19), although the American Society of Clinical Oncology
(ASCO) recently adopted guidelines similar to Cancer Care Ontario
(CCO), with addition of several qualifying statements (20) (Table 1).

Accordingly, we sought to examine population-based rates of sur-
veillance imaging and endoscopy in patients in Ontario, as well as
patient or disease factors that may predispose certain groups to more
frequent versus less frequent surveillance. We limited our population
of interest to individuals who underwent curative-intent resection for
CRC and who remained free of recurrence for at least five years of
follow-up after operation. The present study provides insight to the
care patients receive in the presence of conflicting guidelines, and may
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help to improve care of CRC survivors by identifying any potential
underuse or overuse of particular surveillance modalities or inequal-
ities in access to surveillance.

METHODS

A retrospective cohort study was performed at the Institute for Clinical
and Evaluative Sciences (ICES, Toronto, Ontario). Source information
included the Ontario Cancer Registry (OCR) and the following linked
administrative databases: the Canadian Institutes of Health Information
Discharge Abstract Database (CIHI-DAD), the Ontario Health
Insurance Plan (OHIP), the ICES physician database, and the
Registered Persons database. Research Ethics Board approval for the
present study was obtained from the Sunnybrook Health Sciences
Centre and the University of Toronto, Toronto, Ontario.

Patient selection criteria

Patients 18 to 80 years of age, with an International Classification of
Diseases, Ninth Revision (ICD-9) diagnosis of colon or rectal cancer
and an ICD-0-2 histology code of adenocarcinoma were identified
from the OCR from January 1, 2003 through December 31, 2007.
Patients with a diagnosis of any other neoplasm at any time based on
OCR records were excluded to remove the confounding effect of
receiving imaging or follow-up care for tumours other than CRC.
Patients who underwent a CRC resection were identified by search-
ing for linked OHIP billings and CIHI-DAD procedures, starting
from 14 days before the diagnosis date to ensure inclusion of patients
who did not have a preoperative diagnosis of CRC (eg, those who
presented emergently with an obstruction or perforation). Either one
OHIP claim or one CIHI code for CRC resection was considered to be
sufficient for classifying a patient as having undergone surgery.
Patients who did not undergo a colorectal resection or who underwent
a CRC resection >120 days after diagnosis were excluded because the
population of interest was limited to those who underwent a poten-
tially curative CRC resection, and resections performed >120 days
from diagnosis were not likely for curative intent.

Once the cohort of patients who underwent curative-intent resec-
tion had been identified, additional series of exclusion criteria were
applied to eliminate patients who likely developed a recurrence. These
patients were excluded to avoid contamination of results with tests
performed for diagnosis or treatment planning rather than surveil-
lance. Thus, patients experiencing the following within the entire
five-year follow-up period after primary CRC resection were excluded:
death; a diagnosis of advanced (secondary) disease, based on CIHI
diagnosis codes for hospital admissions; evidence of early relapse of
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Underwent CRC resection
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Figure 1) Patient selection. CRC Colorectal cancer

disease via lung or liver procedures (resection, destruction, or biopsy);
a palliative care consult, determined by OHIP fee codes; the first claim
for chemotherapy >120 days following primary resection; and the
number of days between first and last chemotherapy claim exceeding
270 days, between days O and 395 after CRC resection. The fifth
exclusion is based on data from the Cancer Quality Council of Ontario
indicating that approximately 85% of patients will initiate a course of
adjuvant chemotherapy within four months of primary CRC resection
(21). Initiation of chemotherapy later than this suggests treatment of
early disease relapse. The final exclusion was applied because the usual
duration of a course of adjuvant chemotherapy is 180 days. Allowing
time for breaks in treatment due to side effects or delays, or duration of
chemotherapy >270 days, likely represents ongoing treatment for
metastatic disease or relapse.

Finally, patients were excluded if they lacked five years of follow-up
data, residence within one of the 14 health regions in Ontario referred
to as Local Health Integration Network (LHIN) of residence, or
income information. Patients residing in the southeast LHIN were also
excluded due to the alternative funding plan used by this LHIN, which
affects the completeness of OHIP billings.

Patient follow-up

The follow-up period was defined as commencing on the date of pri-
mary surgery and patients were followed for five full years thereafter.
Modalities of follow-up care that were measured included: abdom-
inopelvic imaging, defined as CT of the abdomen/pelvis (CT A/P) or
abdominal ultrasound (AUS); chest imaging, defined as chest x-ray
(CXR) or CT of the chest; and endoscopy, defined as flexible sigmoid-
oscopy or colonoscopy.

Patient-related variables

Demographic variables collected included sex, age at diagnosis of
CRC, LHIN of residence, mean neighbourhood income and rural
versus urban residence. Mean neighbourhood income quintiles were
derived from the Registered Persons database, postal codes and census
tract information (census year 2001). Rural status was based on the
Statistics Canada definition, namely, residence in a community popu-
lation <10,000 based on the 2001 census.

Receipt of chemotherapy was used as a proxy for stage to classify
relapse risk because stage information was not available in the OCR
for the time period of the present study. Patients were labelled as high
risk for recurrence if they received chemotherapy in their immediate
postoperative period (within four months of operation); otherwise,
they were considered to be low risk for recurrence.

Statistical analysis

Descriptive statistics were performed on variables of interest with cat-
egorical variables summarized using counts and percentages. For
patients with complete five-year follow-up data with no evidence of
recurrence, descriptive tables were generated by counts of each type of
surveillance modality for the follow-up period, stratifying the cohorts
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according to low-risk and high-risk patients. To explore factors associ-

TABLE 2

Multivariable logistic regression analysis for patients
receiving neither abdominopelvic computed tomography
scan nor abdominal ultrasound during the five-year

follow-up period

OR (95% CI) P

Age, years

<50 Reference

50-64 0.97 (0.68-1.39) 0.88

65-74 1.07 (0.75-1.52) 0.73

>75 1.21 (0.83-1.74) 0.32
Sex

Male Reference

Female 0.85 (0.71-1.02) 0.08
Risk category

High Reference

Low 6.99 (5.26-9.35) <0.01
Rural

No Reference

Yes 1.00 (0.77-1.31) 0.99
Income quintile

1 (low) Reference

2 1.08 (0.81-1.43) 0.62

3 0.94 (0.70-1.26) 0.67

4 1.07 (0.80-1.44) 0.63

5 (high) 1.07 (0.80-1.43) 0.64
Local Health Integration Network

1 Reference

2 1.03 (0.70-1.52) 0.86

3 1.32 (0.78-2.21) 0.30

4 1.11 (0.75-1.63) 0.60

5 1.90 (1.26-2.86) <0.01

6 1.06 (0.74-1.52) 0.76

7 1.03 (0.66-1.60) 0.90

8 1.43 (0.93-2.18) 0.10

9 1.14 (0.68-1.92) 0.62

10 0.41 (0.16-1.07) 0.07

1 2.03 (1.38-2.98) <0.01

12 0.61 (0.37-0.99) 0.05

13 1.20 (0.75-1.92) 0.44

Bolded values indicate statistical significance

ated with receiving no abdominal imaging (CT or ultrasound) in the
entire follow-up period, univariate and multivariable logistic regression
analyses were performed with the outcome of zero abdominal imaging
modalities versus one or more. The predictor variables of interest were
patient age category, sex, LHIN of residence, rural status, income quin-
tile and risk category of the primary tumour. The estimates from the
models were presented as ORs and their associated 95% Cls. All tests
were two-sided; P<0.05 was considered to be statistically significant.
All analyses were performed using SAS version 9.1.3 for Unix (SAS
Institute, USA).

RESULTS
In total, 12,109 patients who underwent curative CRC resection for
colorectal adenocarcinoma, with no other primary malignancy, were
identified from the OCR from January 1, 2003 through December
31, 2007 (Figure 1). These patients underwent a CRC resection from
14 days before to 120 days after the OCR diagnosis date and were dis-
ease free at the beginning of the follow-up period. After application of
exclusion criteria, of these 12,109 patients, 4960 (41%) had complete
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Figure 2) The number of abdominopelvic computed tomography (CT)
scans received in the five-year follow-up period, stratified according to high
and low risk for recurrence
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Figure 3) The number of abdominal ultrasounds received in the five-year
follow-up period, stratified according to high and low risk for recurrence

five-year data to examine frequencies of follow-up modalities, no out-
migration and no disease recurrence or death between years 1 and 5
after resection. In total, 3101 (62.5%) patients were considered to be
low risk and 1859 (37.5%) high risk. Overall patient characteristics
are summarized in Table 2.

Abdominopelvic imaging

Over the five-year follow-up period, 1354 (27.3%) patients did not
undergo any CT A/P (Figure 2). The largest proportion of patients
(n=2073 [41.8%]) underwent between one and three CT A/P in the
follow-up period, with progressively smaller numbers of patients
undergoing four to six, seven to 10 and >11 scans, respectively. This
analysis was repeated by stratifying the cohort according to low- and
high-risk primary tumours. While 1166 (37.6%) low-risk patients did
not receive any CT A/P in the entire follow-up period, only 188 (10.1%)
high-risk patients did not receive a single CT A/P.

Frequency of abdominal ultrasound (AUS) was also examined
throughout the follow-up period. Overall, 1177 (34.6%) did not
receive any AUS, while almost one-half (2443 [49.3%)]) underwent
one to three AUS (Figure 3). Results were similar when stratified
according to high- and low-risk patients.

To understand the proportion of patients that did not undergo any
abdominopelvic imaging whatsoever, the subgroup of patients who did
not receive any CT A/P was analyzed for the frequency of AUS per-
formed. Of the 1354 patients who did not receive CT A/P during the
follow-up period, 592 (43.7%) also did not receive AUS (11.9% of
cohort). This group was comprised primarily of patients at low risk for
recurrence (538 [91.9%]). No differences in the proportion of patients
with no abdominopelvic imaging were noted according to age, sex,
income or rural residence (Table 2). However, compared with the refer-
ent LHIN (LHIN 1), there was a significant variation in the proportion
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Figure 4) The number of chest computed tomography (CT) scans received
in the five-year follow-up period, stratified according to high and low risk for
recurrence
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Figure 5) The number of chest x-rays received in the five-year follow-up
period, stratified according to high- and low-risk for recurrence

of patients without abdominopelvic imaging depending on LHIN
(Table 2). The strongest association was observed for patients with
low-risk primary cancers to have increased odds of not receiving any

abdominal imaging (OR 6.99 [95% CI 5.26 to 9.35]).

Chest imaging

The majority of patients did not receive any CT scans of the chest
(2863 [57.7%]) (Figure 4). High-risk patients were slightly more
likely to receive CT chest in each frequency category. The number of
CXRs patients received during the five-year follow-up period was
also examined (Figure 5). Patients most frequently underwent one
to three CXRs in each of the overall (2385 [48.1%]), high-risk
(885 [47.6%]) and low-risk (1500 [48.4%]) categories.

Endoscopy
Most patients (4473 [90.2%]) underwent endoscopy at some point
during the follow-up period, with the highest proportion of patients
undergoing two endoscopies in each of the overall (1845 [37.2%]),
low-risk (1133 [36.5%]) and high-risk (712 [38.3%]) groups (Figure 6).
Univariate and multivariate analysis was performed to test for asso-
ciations of surveillance endoscopies with age, sex, LHIN of residence,
income and risk category. As income quintile increased, there was a
trend toward more patients undergoing >4 endoscopies and fewer
patients undergoing zero endoscopies (Figure 7).

DISCUSSION
In the present population-based cohort study, the actual imaging and
endoscopic surveillance received by Ontario patients post curative-
intent CRC resection was examined. For both imaging studies and
endoscopy, patients were noted to have undergone a variable number
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Figure 6) The number of endoscopies received in the five-year follow-up
period, stratified according to high and low risk for recurrence

of tests during their five-year follow-up period. This is not unexpected
given the heterogeneity of guidelines at the time of our study, but it is
interesting to note the wide variation that existed in the number of
tests. For example, while some patients did not receive a single CT
A/P or AUS during their follow-up, some patients received >11. While
those receiving many scans may have undergone imaging for reasons
other than CRC surveillance, it is also possible that different patients
and physicians have different attitudes regarding the benefits and
necessity of imaging surveillance after curative-intent CRC resection.
This would be consistent with the finding that, among the subgroup of
patients who received no abdominopelvic surveillance imaging, most
had low-risk primary tumours. Both patients and physicians may
believe there to be a lesser need for surveillance imaging in patients
judged to have a lower risk for recurrence.

Variations among LHINs in the ORs for receiving no abdom-
inopelvic surveillance imaging during the five-year follow-up period is
concerning for potential health care inequity. However, such varia-
tions are not unexpected given that Cooper et al (22) previously
demonstrated similar geographical variations in surveillance patterns
in the United States. However, our results must be interpreted cau-
tiously given that other potential confounders, such as patient prefer-
ence, number of medical comorbidities or patient distance from
nearest imaging facility, were not taken into account.

Income quintile was not an independent predictor for receiving no
abdominopelvic surveillance imaging in the present study. This is in
contrast to findings by Elston Lafata et al (23) in the United States
showing that lower income patients had a decreased chance of receiv-
ing surveillance metastatic disease testing in the form of CT, ultra-
sound, magnetic resonance imaging, CXR or serum transaminases.
While no other Ontario study has examined patient income as a pre-
dictor for CRC imaging surveillance, Booth et al (24) did demonstrate
decreased overall and cancer-specific survivals for lower-income
Ontario patients. However, Grunfeld et al (25) noted small differences
(<2%) between income quintiles when examined as a predictor of
imaging surveillance for breast cancer patients. It is possible that sur-
veillance imaging patterns are not influenced by income in Ontario
because of our universal health care system, and that Booth et al’s
results were, thus, not related to surveillance imaging practices.

However, the income equality noted in our study for surveillance
imaging did not persist when surveillance endoscopy was considered.
On the contrary, more affluent Ontarians are more likely to receive
four or more endoscopies and less likely to receive zero endoscop-
ies compared with less affluent individuals. The lack of association
between income and imaging surveillance in Ontario, but the pres-
ence of this association for endoscopic surveillance may be a result of
endoscopy being a relatively scarce resource compared with imaging
modalities such as CT scans and ultrasounds. Further study involv-
ing individual level data and actual household income may be useful
in further defining the relationship between receipt of surveillance

Can J Gastroenterol Hepatol Vol 28 No 8 September 2014

20
% 18 lzerozndosc?pies
s + endoscopies
3 16 P |
(]
£ 14 -
E 12 -
Q
210 — L
g 8 - | - |
g ¢ L
6
g 4 — — — — —
S
g 2 N B B B
0 T T T T 1
1 2 3 4 5
Income Quintile

Figure 7) Comparison of percentage of patients undergoing zero versus four
or more endoscopies, stratified according to income quintile

endoscopy and socioeconomic status. It is not until these potential
explanatory mechanisms are elucidated that further intervention, such
as knowledge translation initiatives or deployment of resources, can be
used to address socioeconomic status as a potential barrier to receiving
surveillance endoscopy.

The finding that most patients receive at least one endoscopic
evaluation postoperatively is consistent with both the 2003 CCO
guideline, which called for colonoscopy before or within six months of
surgery, and the 2009 NCCN guideline, which recommended colonos-
copy at three years following resection (26). However, the American
Society of Clinical Oncology guideline, while suggesting colonoscopy
at one year for colon cancer survivors, also suggested sigmoidoscopy
every six months for rectal cancer patients. The latter should lead to
rectal cancer survivors undergoing approximately 10 endoscopic
evaluations over the course of their five-year follow-up, which clearly
very few patients achieved (16). The subset of patients receiving no
endoscopy postoperatively may reflect individuals too unwell to
undergo the procedure itself (or any treatment that would be indicated
should a recurrence be noted), those who preferred to forego the
examination, or perhaps those who, in accordance with the CCO
guideline, only received preoperative endoscopy.

With respect to chest imaging, it is important to note that CCO’s
recommendations at the time of the present study did not address CT
scanning and did not define a recommended frequency for CXR (19).
As such, it is not surprising that relatively few Ontario patients
received surveillance chest CT. More patients received CXR, but this
result could be confounded because CXR are common tests ordered for
a wide range of indications, not just CRC surveillance.

Other studies have also examined adherence to CRC surveillance
guidelines, with mixed results. A study involving 409 French patients
(27) showed poor adherence to French guidelines at the time, with
65% of patients undergoing fewer than the recommended number of
AUS, 52% undergoing fewer than the recommended number of CXR
and 20% undergoing fewer than the recommended number of colonos-
copies. In the United States, a study focusing on patients >65 years of
age demonstrated that 60% of patients received less than the recom-
mended amount of postoperative surveillance (28). In contrast, a
smaller single-centre Norwegian study demonstrated a 62% compli-
ance rate with Norwegian surveillance recommendations, including
85% undergoing liver ultrasound and 55% undergoing colonoscopy
within one year (29). The latter study was aimed primarily at deter-
mining patient compliance because all patients were ordered testing in
accordance with guidelines by their treating physician. Relative to
these observations in other nations, it would appear that Ontario
physicians’ and patients’ adherence to guidelines regarding
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colonoscopy is quite good. It is difficult to make generalized statements
about compliance with imaging in the current study because guidelines
at the time were nonspecific.

It is interesting to compare the results of the present study with
those of a survey conducted by Earle et al (30) in 2003 to measure
Canadian physicians’ surveillance strategies following curative-intent
CRC resection. Surgeons, medical oncologists and radiation oncolo-
gists all specializing in CRC were presented with a hypothetical
patient — a 50-year-old man, otherwise healthy, with stage III disease
after a curative CRC resection — and asked to provide their recom-
mendations for follow-up. Of the 160 physicians who completed the
survey, <10% recommended body surveillance by abdominal CT in
any follow-up year, and only approximately one-third recommended
AUS imaging in any follow-up year. In contrast, approximately 90%
of physicians recommended bowel surveillance with colonoscopy in
follow-up year 1. Opinions regarding chest imaging were not solicited
in the survey. Clearly, with almost 90% of patients in the current study
receiving at least one abdominopelvic CT or ultrasound within five
years of follow-up, patients are receiving more body surveillance than
the study by Earle et al (30) would predict. This could be a result of
changing practice because the survey was conducted in 2003, differ-
ences in practice between Ontario and other Canadian provinces, or
contamination of our study data with imaging obtained for an alter-
nate indication. The high proportion of physicians recommending
surveillance endoscopy in the study by Earle et al is consistent with our
findings that most Ontario patients receive at least one postoperative
endoscopy.

Limitations to the present study were primarily related to the use of
administrative data. Although such population-level data generate a
large sample size, the data at the individual level are lost. For example,
unlike the Surveillance, Epidemiology, and End Results database from
the National Cancer Institute, our administrative data do not identify
patient race or ethnicity, which would allow us to evaluate other social
elements that may affect postoperative CRC surveillance patterns in
addition to income level. Also in the present study, lack of informa-
tion on the indications for CT, AUS, CXR and endoscopic evalua-
tions may have allowed confounding of surveillance data to occur if
these tests were ordered for indications other than CRC surveillance.
Furthermore, an additional limitation to the present study arises from
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