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Abstract
Purpose: Clinical practice guidelines (CPGs) recommend ad-
juvant chemotherapy after curative-intent surgery for colorectal
cancer (CRC). Studies have shown variable rates of adherence to
adjuvant therapy CPGs. This study sought to determine the pro-
portion of patients in Nova Scotia receiving CPG-concordant
adjuvant chemotherapy within 12 weeks of surgery for CRC in
2001 to 2005, and to identify factors associated with chemo-
therapy receipt beyond 12 weeks from surgery or chemother-
apy nonreceipt.

Methods: Patients with stages IIB or III colon or stages II or III
rectal cancer who underwent curative-intent surgery in Nova
Scotia were identified through the provincial cancer registry and
anonymously linked to 14 administrative health databases. Chart
review was conducted to obtain chemotherapy data and rea-
sons for chemotherapy nonreceipt. Logistic regression was used

to identify factors independently associated with receipt of che-
motherapy and meeting the 12-week benchmark (P � .05).

Results: A total of 1,151 patients were identified, of whom
59% received chemotherapy. Factors predicting chemotherapy
receipt were male sex, age � 75 years, no hospital readmission
within 30 days of surgery, stage III disease, no prior cancer
diagnosis, and rectal cancer. Of the 679 patients who received
chemotherapy, 479 (72%) met the 12-week benchmark, with
male sex, urban residence, less social deprivation, colon cancer
and increased length of hospital stay as significant factors. Of the
472 patients who did not receive chemotherapy, the most com-
mon reason for nonreceipt was no consultation with a medical
oncologist (53%).

Conclusion: A number of factors influence adherence to ad-
juvant chemotherapy CPGs for CRC and should be incorporated
in future work as novel regimens enter clinical practice.

Introduction
An estimated 163,000 cases of colorectal cancer (CRC) are
expected to be diagnosed in North America in 2011.1,2 CRC
commonly presents as early-stage disease, with the majority of
patients being eligible for curative-intent surgery.3,4 Despite
surgery, the 5-year risk of systemic recurrence in the absence of
any further therapy is approximately 50% for those with lymph
node involvement and 20% to 30% if the lymph nodes are
negative.5

Adjuvant chemotherapy results in improved disease-free and
overall survival for node-positive (stage III) or high-risk, node-
negative (stage IIB) colon cancer. Similar benefits are observed
for adjuvant chemoradiotherapy for node-positive (stage III) or
node-negative (stage II) rectal cancer. As a result, the 1990
National Institutes of Health (NIH) Consensus conference
recommended adjuvant chemotherapy for CRC, which was
widely adopted.6

Until 2006, standard adjuvant chemotherapy for colon can-
cer consisted of bolus fluorouracil (FU) and folinic acid deliv-
ered daily for 5 days, once monthly for 6 months. For rectal
cancer, standard chemoradiotherapy consisted of two cycles of
bolus FU before and after 5 to 6 weeks of pelvic radiation
administered with concurrent infusional FU.7,8 Previous inves-
tigations have demonstrated varied rates of adherence to pub-

lished adjuvant chemotherapy CPGs for CRC, although there
are relatively few population-based studies.9,10

Our objective was to assess the rates of adherence to adjuvant
chemotherapy CPGs for a population-based sample of individ-
uals with CRC between 2001 and 2005 treated with curative
intent in Nova Scotia. We assessed rates of chemotherapy
receipt, meeting a 12-week benchmark timeline for treat-
ment initiation from date of surgery, and factors associated
with chemotherapy receipt beyond 12 weeks from surgery or
nonreceipt.

Methods
The Nova Scotia Cancer Registry (NSCR) identified all indi-
viduals diagnosed with CRC in Nova Scotia between January 1,
2001 and December 31, 2005. All cases were staged using the
Collaborative Stage Data Collection System11 and anony-
mously linked at the patient level to 14 administrative health
databases, including hospital discharge and physician billing
databases, thus providing comprehensive clinical-demographic,
diagnostic, and health service use data for all patients.12

Within the time frame under study, 1,296 patients diag-
nosed with stages IIB/III colon or stages II/III rectal cancer were
identified. Reasons for exclusion are presented in Appendix
Figure A1 (online only); the final sample size was 1,151. Patient
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demographics and tumor characteristics were obtained through
the NSCR. We calculated a comorbidity score by using Inter-
national Classification of Diseases codes in the 2 years before
diagnosis and computed length of stay and rates of hospital
readmission within 30 days of surgical discharge via linkage to
hospital discharge abstracts.13 We linked postal codes at diag-
nosis to 2001 census data by using the Postal Code Conversion
File Plus file to determine rural or urban residence14,15 and
socioeconomic status at the dissemination area level (the small-
est geographic unit defined by Statistics Canada). Three indi-
cators of material deprivation (proportion of persons with a
high school diploma, employment:population ratio, average in-
come) and three indicators of social deprivation (proportion of
persons living alone; proportion of single-parent families; and
proportion of separated, divorced, and widowed persons) were
extracted from census data and used to generate social and
material deprivation indices using the Quebec Model.16

Primary outcomes were the proportion of patients who re-
ceived adjuvant chemotherapy and the proportion who met a
12-week benchmark from surgery date to start of chemother-
apy. Chemotherapy data were captured from the NSCR, which
includes the Oncology Patient Information System, and physi-
cians’ billings. Because of known limitations in chemotherapy
data within administrative health databases,17-19 a focused chart
review of all patients who received a medical oncology consul-
tation but did not receive chemotherapy according to the linked
administrative data was conducted; methods are described in
detail elsewhere.20 The chart review also included categorized
reasons (defined a priori) for nonreceipt of chemotherapy after
medical oncology consultation. When multiple reasons were
possible, the dominant one was adjudicated by two investiga-
tors (D.R., R.U.), with “patient decision” being assigned when
there was no clear evidence of a dominant clinical or oncologic
factor or when this factor was stated in the consultation notes.

Descriptive data were computed for all clinical-demographic
characteristics and outcomes. Logistic regression was used to
identify factors independently associated with receipt of adju-
vant chemotherapy and meeting the 12-week benchmark. Co-
variates for univariate regression models were age, sex, social
and material deprivation, residence, comorbidity, cancer stage
and location, number of lymph nodes examined, surgical pre-
sentation (emergent or elective), hospital length of stay, and
30-day readmission rates. Age, sex, and covariates with P � .1
were retained for the multivariate regression models. All analy-
ses were performed with SAS Version 8.2 (SAS Institute, Cary
NC). Statistical significance was set at P � .05.

Ethical approval was obtained from the Capital District
Health Authority’s Research Ethics Board (CDHA-RS/
2008-049).

Results
A total of 1,151 patients with stage IIB or III colon or stage II or
III rectal cancer were identified as having undergone curative-
intent surgery in the province of Nova Scotia between January
1, 2001 and December 31, 2005. Patient characteristics are
presented in Table 1. Of these, 679 (59%) received adjuvant

chemotherapy as per CPGs. Significant factors that predicted
chemotherapy receipt in the multivariate analysis are presented
in Table 2. More advanced disease stage, younger age, and male
sex were significantly associated with receipt of adjuvant che-
motherapy in both the colon and rectal subgroups.

Of the 679 patients who received chemotherapy, 497
(73.2%) met the 12-week timeline. Significant factors associ-
ated with receipt of chemotherapy within benchmark times are
presented in Table 3. In total, 497 patients (43%) both received
adjuvant chemotherapy and began it within the 12-week
benchmark.

Four hundred seventy-two patients (41%) in the cohort did
not receive chemotherapy. The primary reason for not receiving
chemotherapy was lack of consultation with a medical oncolo-
gist (250 patients; 52.8%). A number of factors were signifi-
cantly different between the group who received a medical
oncology consult (n � 892) and those who did not (n � 259).
These differences (Student t test) included age � 75 years (P �
.001), female sex (P � .001), stage II disease (P � .001), colon
cancer (P � .03), greater material deprivation (P � .012), two
or more comorbidities (P � .001), prior history of cancer (P �
.0014), greater postoperative hospital length of stay (P � .001),
and emergency presentation at diagnosis (P � .001).

For those with stage IIB disease, 42.7% of those with fewer
than 12 nodes examined received adjuvant chemotherapy com-
pared with 22% of those with 12 or more nodes examined. For
all other disease stages, rates of chemotherapy receipt were sim-
ilar when stratified by fewer than 12 versus 12 or more nodes
examined.

For the 222 patients who did not receive chemotherapy but
did have a consultation with a medical oncologist, patient de-
cision was the most common reason for nonreceipt, followed by
comorbidity and advanced age (Appendix Figure A2, online
only). There were 69 patients for whom patient decision was
adjudicated as the primary reason for nonreceipt. Those who
declined chemotherapy were significantly older (P � .001) and
were more likely to be female (P � .001), have two or more
comorbidities, and have had a greater postsurgical hospital
length of stay (both P � .001).

Discussion
The adoption of adjuvant chemotherapy has increased signifi-
cantly since the NIH Consensus conference recommendations
were published and has led to demonstrable improvements in
survival outcomes.21-23 Despite these observations, a significant
minority of patients who would otherwise be candidates for
adjuvant chemotherapy do not receive it, with advanced age,
nonwhite ethnicity, and female sex being factors associated with
nonreceipt.21,24

The proportion of patients who received adjuvant chemo-
therapy in our cohort was 59%, which is consistent with
reports from other Canadian jurisdictions over a similar time
period.25-27 Younger age and stage III disease were indepen-
dently associated with chemotherapy receipt, also consistent
with observations from Canada and elsewhere.25-27 Interest-
ingly, advanced age, despite being a commonly observed factor
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for nonreceipt of chemotherapy, has not been associated with
lack of a survival advantage nor independently associated with
increases in chemotherapy-induced toxicities, perhaps partly as
a result of dose modification.28-31 Comorbid conditions or
more significant social or material deprivation were not inde-
pendently associated with chemotherapy nonreceipt, and only
8% of patients overall and 17% of those who received a medical
oncology consultation did not receive chemotherapy, primarily
as a result of advanced age.

Female sex was associated with reduced odds of chemother-
apy receipt for both the rectal cancer and overall CRC cohorts.
This finding was not observed in the British Columbia or com-
bined western provincial data, although data from British Co-
lumbia suggested that men were more likely to receive palliative
chemotherapy for metastatic disease compared with women.26

A greater postoperative hospital length of stay and a previ-
ously diagnosed cancer were associated with decreased odds of
receiving adjuvant chemotherapy for the colon and rectal can-
cer cohorts, respectively. For the entire cohort, both of these
factors, as well as 30-day hospital readmission, significantly de-
creased the odds of chemotherapy receipt. These findings sug-
gest important nonmodifiable patient- and treatment-related
factors affecting chemotherapy receipt that should be incorpo-
rated into future investigations of access and receipt of adjuvant
therapies across all cancer types. To our knowledge, our data are
the first to elucidate these specific factors in the CRC patient
population.

Four hundred ninety-seven (73.2%) of the 679 patients who
received adjuvant chemotherapy met the 12-week timeline.
Previous investigation of elapsed times to start of adjuvant ther-

Table 1. Demographic and Clinical Characteristics of Study
Cohort (N � 1,151)

Colon
(n � 657)

Rectal
(n � 494)

Characteristic No. % No. %

Age at diagnosis, years

� 50 40 6.1 41 8.3

50-64 168 25.6 170 34.4

65-74 183 27.9 130 26.3

� 75 266 40.5 153 31.0

Mean 69.6 67.0

SD 12.1 12.4

Sex

Female 353 53.7 174 35.2

Male 304 46.3 320 64.8

Collaborative stage at diagnosis

IIA 176 35.6

IIB 90 13.7 41 8.3

IIIA 47 7.2 37 7.5

IIIB 357 54.3 146 29.6

IIIC 163 24.8 94 19.0

District health authority

With tertiary care center 359 54.6 279 56.5

Without tertiary care center 298 45.4 215 43.5

Residential location

Urban 423 64.4 322 65.2

Rural 226 34.4 167 33.8

Unknown 8 1.2 5 1.0

Social deprivation index, quintile

0 (most deprived) 117 17.8 92 18.6

1 148 22.5 105 21.3

2 131 19.9 96 19.4

3 133 20.2 101 20.4

4 (least deprived) 124 18.9 99 20.0

Unknown 4 0.6 1 0.2

Material deprivation index,
quintile

0 (most deprived) 144 21.9 104 21.1

1 140 21.3 95 19.2

2 139 21.2 120 24.3

3 130 19.8 101 20.4

4 (least deprived) 100 15.2 73 14.8

Unknown 4 0.6 1 0.2

Elixhauser comorbidity score

0 359 54.6 351 71.1

1 145 22.1 74 15.0

� 2 153 23.3 69 14.0

No. of previous primary cancers
(any type)

0 546 83.1 457 92.5

1 95 14.5 34 6.9

� 2 16 2.4 3 0.6

Continued on next column

Table 1. (Continued)

Colon
(n � 657)

Rectal
(n � 494)

Characteristic No. % No. %

Surgical presentation

Emergency 192 29.2 29 5.9

Elective 459 69.9 460 93.1

Unknown 6 0.9 5 1.0

No. of lymph nodes examined

� 12 373 56.8 322 65.2

� 12 260 39.6 162 32.8

Unknown 24 3.7 10 2.0

Length of stay for hospital
admission, days

Mean 17.9 14.8

SD 20.7 14.5

Readmission within 30 days 63 9.6 72 14.6

Chemotherapy use

Receipt of medical oncology
consultation

494 75.2 398 80.6

Receipt of chemotherapy 363 55.3 316 64.0

Meeting the 12-week
benchmark (for those
receiving chemotherapy)

286 78.8 211 66.8

Abbreviation: SD, standard deviation.
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apy for both breast and lung cancer have observed a number
of patient, disease, and system factors influencing elapsed
times.32-36 We did not observe any significant factors influenc-
ing this time for the colon cancer cohort. For the rectal cancer
cohort, both rural residence and social deprivation were signif-
icantly associated with not meeting this benchmark. These two
factors, along with greater postoperative hospital length of stay
and rectal disease site, significantly affected the odds of begin-
ning chemotherapy within 12 weeks within the entire cohort.

Adjuvant therapy for rectal cancer includes a course of radi-
ation often “sandwiched ” between two cycles of chemotherapy
before and after radiation. Whereas chemotherapy for colon

cancer can often be delivered close to home, receipt of adjuvant
radiation requires travel to centers with radiation treatment
facilities, resulting in out-of-pocket costs as well as home and work
schedule disruption. Patients with limited resources and those liv-
ing in rural areas may be most vulnerable to these factors, and, if
they are not able or choose not to receive adjuvant radiation ther-
apy, may decide or be recommended to forego chemotherapy be-
cause of the uncertain benefit of adjuvant chemotherapy alone for
rectal cancer. Our results suggest that optimization of adjuvant
chemotherapy receipt for rectal cancer might be improved by
minimization of logistic and supportive factors that poten-
tially prevent receipt of radiation therapy.

Table 2. Factors Associated With Chemotherapy Receipt*

Variable Effect OR 95% CI P

Colon

Age (per year) 0.9 0.8 to 0.9 � .001

Sex Female v male 0.7 0.4 to 1.1 .0839

Stage at diagnosis III v II 8.2 4.2 to 15.9 � .001

Hospital LOS Quartile 4 (longest) v quartile 1 (shortest) 0.3 0.1 to 0.6 .0027

Rectal

Age (per year) 0.9 0.9 to 0.9 � .001

Sex Female v male 0.6 0.4 to 1.0 .0347

Stage at diagnosis III v II 2.5 1.6 to 4.1 .001

Previous cancer 1 v none 0.3 0.1 to 0.7 .0095

Colorectal

Age (per year) 0.9 0.9 to 0.9 � .001

Sex Female v male 0.6 0.5 to 0.9 .0064

Site Colon v rectum 0.7 0.5 to 0.9 .0220

Stage at diagnosis III v II 4.0 2.7 to 5.9 � .001

No. of positive lymph nodes � 12 v � 12 0.8 0.6 to 1.1 .1630

Unknown v � 12 2.7 1.1 to 7.1 .0388

Previous cancer 1 v 0 0.6 0.4 to 1.0 .0499

Hospital LOS Quartile 4 (longest) v quartile 1 (shortest) 0.4 0.2 to 0.7 .0022

Readmission within 30 days Yes v no 0.5 0.3 to 0.8 .0070

Abbreviations: LOS, length of stay; OR, odds ratio.
* Significance set at P � .05.

Table 3. Factors Associated With Chemotherapy Receipt Within 12 Weeks of Curative-Intent Surgery*

Variable Effect OR 95% CI P

Colon —

Rectal

Patient residence Urban v rural 3.9 2.1 to 7.2 � .001

Social deprivation Quartile 4 (least deprived) v quartile 0 (most deprived) 3.2 1.1 to 9.6 .0368

Colorectal

Patient residence Urban v rural 2.2 1.4 to 3.4 � .001

Social deprivation Quartile 4 (least deprived) v quartile 0 (most deprived) 2.5 1.1 to 5.6 .0279

Site Colon v rectum 2.8 1.7 to 4.4 � .001

Hospital LOS Quartile 2 v quartile 1 (shortest) 2.0 1.1 to 3.7 .0221

NOTE. Dash indicates no significant effect found.
Abbreviations: LOS, length of stay; OR, odds ratio.
* Significance set at P � .05.
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Most adjuvant trials specify a time window of 8 weeks from
the date of definitive surgery to the initiation of adjuvant che-
motherapy as an inclusion criterion for trial participation.37-39

During the time frame under study, a 12-week benchmark was
adopted by the Nova Scotia gastrointestinal disease site group
for patients in routine clinical practice, consistent with recom-
mendations from other Canadian cancer care jurisdictions.40

Data regarding the impact of adjuvant treatment delays on
survival outcomes have only recently been published and sug-
gest that shorter time frames are optimal.41,42 Adherence to
more stringent timelines will likely result in a greater propor-
tion of eligible patients falling outside of recommendations in
the absence of significant expansions in cancer care system ca-
pacities and greater attention to patient-related factors that pre-
clude timely start of treatment.

Of the 472 patients (41%) in our cohort who did not receive
adjuvant chemotherapy, the most common reason for nonre-
ceipt was lack of a medical oncology consultation (250 patients;
52.8%). Adjuvant chemotherapy is restricted to being pre-
scribed by a medical oncologist, although administration and
follow-up of patients could be supervised at community hospi-
tals province-wide under the care of family physicians or general
internists. Referral to a medical oncologist has been identified as
a crucial step in the receipt of adjuvant chemotherapy.43-44 Pre-
selection of patients referred to medical oncology on the basis of
clinical and demographic factors may result in a patient popu-
lation most likely to benefit from a discussion of adjuvant che-
motherapy, although it is also a potential factor limiting access
to adjuvant therapies for some who might otherwise benefit.
We identified a number of patient and clinical factors that were
significantly different between those who received a medical
oncology consult and those who did not. Some of these such as
age, sex, comorbidities, and lower disease stage have been pre-
viously reported,9,21,23,24 but to our knowledge, ours is the first
study to report that greater material deprivation, a previous
cancer, and emergency presentation at diagnosis as well as post-
operative length of stay were also factors associated with receiv-
ing a medical oncology consultation.

High-volume surgical oncologists practicing within multi-
disciplinary settings have been observed to be more likely to
collaborate on decisions regarding adjuvant therapy for CRC
than low-volume surgical oncologists or general surgeons.45

In Nova Scotia, surgical oncology expertise over the study
time frame was limited to the tertiary care center of Halifax,
suggesting that expansion of surgical oncology services and
multidisciplinary province-wide tumor boards might help to
increase collaborative decision making and referrals to med-
ical oncology.

Data on patient preference in regard to receipt of oncologic
intervention are relatively scant.46 We observed 69 patients who
received a medical oncology consultation but declined adjuvant
chemotherapy. Compared with those who received adjuvant
chemotherapy, this group was significantly older, and was more
likely to have two or more comorbidities, have had a longer
postoperative length of stay, and to be female. Apart from this
last factor, patient preferences appeared to be influenced by

parameters often incorporated in the oncologic assessment of all
patients referred for consideration of adjuvant chemotherapy.
We were unable to further define potential discordance be-
tween oncology opinion and patient preference, and this re-
mains an area for considerable further research. We were also
unable to ascertain possible reasons for women being more
likely to decline chemotherapy.

This study was population-based, provincial-registry de-
rived from and linked to 14 relevant health administration da-
tabases, allowing us to capture important clinical-demographic
and health care use information. An additional strength is the
chart review, linked at the patient level to administrative records
that captured data for all patients who received a medical on-
cology consultation.

Our study, however, has a number of limitations inherent in
research that relies heavily on secondary information sources.
Although the supplemental chart review was performed to op-
timize chemotherapy ascertainment, an underestimation of che-
motherapy receipt is still possible owing to the requirement of
medical oncology consultation for the chart review. A small
number of patients may have received adjuvant chemotherapy
prescribed by a health care provider who did not bill for the
service. It is also possible that administrative databases within
smaller centers may not specifically capture chemotherapy ad-
ministration. We were limited in our ability to ascertain critical
components of the adequacy of chemotherapy receipt, such as
duration, dose reductions, acute and long-term toxicities, and
quality of life during treatment. In a small number of cases, we
were unable to ascertain whether chemotherapy was adminis-
tered with adjuvant or palliative intent.

Our results are likely generalizable to other jurisdictions
with single-payer, universal health care coverage but may be less
so for predominantly free-market medical systems such as that
in the United States or those with mixed systems such as exist in
most European jurisdictions. It should be noted that in settings
where access to medical care is strongly influenced by private
insurance coverage, some of the ecologic variables assessed in
our population (eg, material and social deprivation indices)
may play an even greater role in adherence to CPGs for adjuvant
chemotherapy.

We undertook this study to better understand adherence to
CPGs for adjuvant colorectal cancer chemotherapy in the prov-
ince of Nova Scotia. Working through the provincial gastroin-
testinal disease site group and the cancer outcome research unit,
both based in the province’s main teaching hospital and linked
to the provincial cancer agency, opportunities for ongoing qual-
ity assurance and improvement have been identified. In partic-
ular, future work delineating exact reasons for nonreferral to
medical oncology as well as provincial efforts at ensuring that
those from relatively disadvantaged health districts have the
same access to tertiary care referrals and expertise as those from
more advantaged areas has been identified as a priority for fur-
ther programmatic and research intervention.

In conclusion, this population-based analysis of adherence
to CPGs for adjuvant chemotherapy for patients with CRC
identified a number of factors associated with both nonreceipt
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of chemotherapy and receipt of chemotherapy outside of time-
line benchmarks from date of curative-intent surgery in the
province of Nova Scotia. Novel adjuvant chemotherapy regi-
mens of increasing complexity and different routes of adminis-
tration are generally replacing FU-based regimens, and future
studies of both receipt and timing of adjuvant chemotherapy
for CRC will need to be adapted to better understand adherence
to CPGs for these new therapies.38,39,47
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Appendix

Exclude patients whose 
chart showed stage as 
“N/A”

Exclude patients who did 
not receive treatment in 
Nova Scotia

64
39

38

2

2

Patients diagnosed with stage IIB/III colon or stage II/III rectal 
cancer in Nova Scotia from January 1, 2001 to December 31, 2005

(N = 1,296)

No. of patients in study
(n = 1,151)

Exclude patients who 
did not receive a resection

Exclude patients who died 
within 30 days of diagnosis

Exclude patients initially
diagnosed with stage IIA 
rectal cancer that was later
reclassified as colon cancer

Figure A1. Exclusion criteria diagram for study cohort.
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Figure A2. Reasons for nonreceipt of adjuvant chemotherapy (%).
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