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Abstract
Background: International guidelines recommend adjuvant chemotherapy (ACT) for patients with stage III colon cancer. Whether efficacy 
observed in clinical trials translates to effectiveness in routine practice is less well understood. Here we describe use and outcomes of ACT 
in routine practice. Methods: All cases of colon cancer treated with surgery in Ontario 2002–2008 were identified using the population-
based Ontario Cancer Registry. Linked electronic records of treatment identified surgery and ACT use. Pathology reports were obtained 
for a random 25% sample of all cases; patients with stage III disease were included in the study population. Modified Poisson regression 
was used to evaluate factors associated with ACT. Cox proportional hazards model and propensity score analysis were used to explore the 
association between ACT and cancer-specific survival (CSS) and overall survival (OS). Results: The study population included 2,801 patients 
with stage III colon cancer; 66% (n=1,861) received ACT. ACT use rates varied substantially across age groups; 90% among patients aged 
20 to 49 years versus 68% among those aged 70 to 79 years (P<.001). ACT use was inversely associated with comorbidity (P<.001) and 
socioeconomic status (P=.049). In adjusted analyses advanced age is associated with inferior CSS and OS. Use of ACT was associated with 
decreased risk of death from cancer (hazard ratio [HR], 0.63; 95% CI, 0.54–0.73) and decreased risk of death from any cause (HR, 0.63; 95% 
CI, 0.55–0.71). This result was consistent in the propensity score analysis. Conclusions: One-third of patients with stage III colon cancer in 
the general population do not receive ACT. Use of ACT in routine practice is associated with a substantial improvement in CSS and OS.  
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Background 
International treatment guidelines have recommended  
5-fluorouracil (FU)–based adjuvant chemotherapy 
(ACT) for patients with stage III colon cancer since 
the 1990s.1 This is based on a series of randomized con-
trolled trials (RCTs) showing a 30% reduction in death 
with a course of 5-FU, translating into an absolute im-
provement in 5-year overall survival (OS) of approxi-
mately 15%.2 In 2004, a pivotal RCT demonstrated a 

further 4% improvement in 5 year OS with the addition 
of oxaliplatin to 5-FU (FOLFOX).3 Another landmark 
RCT in 2005 showed that oral capecitabine chemo-
therapy could be substituted for 5-FU.4 Accordingly, 
standard of care for patients with stage III colon cancer 
includes ACT with 5-FU/capecitabine with or without 
oxaliplatin.5–7  

It is well-known that results reported from clinical 
trials may not be realized in the general population.8–10 
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This may relate to suboptimal adoption of new ther-
apies in clinical practice. It may also relate to the 
fact that patients, providers, and health systems dif-
fer considerably between high-volume specialized 
centers and routine practice.11 Accordingly, it may 
be misleading to assume that outcomes achieved in 
routine practice are comparable to those reported in 
the published literature. Population-based outcome 
studies are useful to describe practices and outcomes 
achieved in routine practice.12,13 Although a num-
ber of studies have previously reported rates of use 
of ACT for stage III colon cancer in routine clinical 
practice,14–21 limited literature has evaluated wheth-
er the efficacy of ACT observed in RCTs translates 
into effectiveness in the general population. To our 
knowledge, only 5 population-based reports have 
evaluated the effectiveness of ACT in stage III co-
lon cancer. All of these reports are from the United 
States, 4 studies are restricted to elderly patients 
(>65 years of age), and 4 reports describe outcomes 
achieved in the 1990s.14–16,19,22 We undertook a popu-
lation-based study with the following objectives:  to 
describe the use of ACT for stage III colon cancer in 
routine practice and to evaluate the effectiveness of 
ACT in the general population. 

Methods

Study Design and Population
This is a population-based, retrospective cohort study 
to describe management and outcome of resected 
stage III colon cancer in the Canadian province of 
Ontario. Ontario has a population of approximately 
13.5 million people and a single-payer universal 
health insurance program. The study population in-
cluded patients who underwent resection of stage III 
colon cancer in Ontario between 2002 and 2008. To 
identify the study cohort, we used the Ontario Can-
cer Registry (OCR) to identify all incident cases of 
colorectal cancer in Ontario diagnosed during 2000–
2008. The OCR does not capture stage of disease for 
all patients; therefore, we obtained surgical pathology 
reports for a random sample of 25% of cases. Reports 
were not available for patients with surgery in 2005; 
therefore, the study cohort is restricted to patients 
who had surgery in 2002–2004 and 2006–2008. The 
study was approved by the Research Ethics Board of 
Queen’s University.

Data Sources and Linkage
The OCR is a passive, population-based cancer registry 
that captures diagnostic and demographic information 
on at least 98% of all incident cases of cancer in the 
province of Ontario.23 The OCR also provides informa-
tion about vital status and cause of death. Records of 
hospitalization from the Canadian Institute for Health 
Information (CIHI) provided information about sur-
gical procedures; these records are known to have a 
very high level of completeness for colorectal cancer 
surgery.24 Provincial physician billing records from the 
Ontario Health Insurance Plan, treatment records from 
regional cancer centers, and provincial records of che-
motherapy delivery were used to identify chemother-
apy use. A team of trained data abstractors reviewed 
the pathology reports and entered information about 
disease extent into an electronic database.

Measures and Outcomes
Indicators of the socioeconomic status (SES) of the 
community in which patients resided at diagnosis 
were linked as described previously.25 Quintiles (Q) 
of the median household income were based on the 
household income distribution for the full province 
of Ontario. Q1 represents the communities where 
the poorest 20% of the Ontario population resided. 
Geographic regions reflect the catchment areas for 
Ontario’s regional cancer centers.25 Comorbidity 
was classified using the Charlson Comorbidity In-
dex modified for administrative data based on all 
noncancer diagnoses recorded during any hospital 
admission within 5 years before surgery.26 A surgical 
hospital was identified for each case included in the 
study population. Each case was assigned a hospital 
volume index based on the total number of colon 
cancer resections performed (ie, all colon cancer re-
sections identified and not just those eligible cases 
with stage III disease) in the 12 months before the 
surgical date. The hospitals were divided into quar-
tiles of annual hospital volume. We used the same 
approach to derive a surgeon volume index for each 
patient.

ACT was defined as chemotherapy initiated 
within 16 weeks after surgery; neoadjuvant chemo-
therapy was defined as treatment given within 16 
weeks before surgery. 

OS and cancer-specific survival (CSS) were de-
termined from date of primary tumour resection. To 
account for possible cause of death miscoding, CSS 
included death from any cancer. Complete informa-
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tion about vital status in the OCR was available up 
to December 31, 2012; cause of death was available 
up to December 31, 2010. The primary outcome end 
point was CSS. CSS was prioritized over OS because 
it was believed likely to be less vulnerable to bias 
from unmeasured prognostic factors. Because the sur-
vival measure began before the chemotherapy expo-
sure window ended (ie, at 16 weeks), our results were 
vulnerable to immortal person-time bias, whereby 
patients dying during the exposure window have 
a lower chance of receiving treatment; this would 
artificially worsen survival of the no-ACT group.19 
Accordingly, we excluded patients dying within 16 
weeks of surgery from all survival analyses. 

Statistical Analysis 
Comparisons of proportions between study groups 
were made using the chi square test. Survival was 
determined from date of surgery using the Kaplan-
Meier technique, and comparisons between groups 
were made using the log-rank test. Factors associated 
with treatment practices were evaluated by modified 
Poisson regression. The association between patient-, 
disease-, and treatment-related factors with OS/CSS 
was evaluated using the Cox proportional hazards re-
gression model. To control for confounding variables 
when exploring the association between ACT and 
survival, we also used the propensity score technique 
in the Cox proportional hazards model. The propen-
sity scores allowed us to create 5 propensity strata with 
balanced confounding variables between patients 
who did and did not receive ACT. Survival of patients 
treated with ACT was compared with those without 
ACT within each stratum using a Cox proportional 
hazards model; a summary hazard ratio (HR) combin-
ing the results across quintiles was calculated.27 Results 
were considered statistically significant at a P value of 
less than .05. All analyses were performed using SAS 
version 9.3 (SAS Institute, Cary, NC). 

Results

Study Population
Linked administrative data sets identified 25,613 po-
tentially eligible patients who underwent resection 
of primary colon cancer in 2002–2008 (Figure 1). 
Surgical pathology reports were reviewed for 7,519 
randomly selected cases. The age, sex, comorbid-
ity, and survival of these randomly selected cases 

did not differ substantially from those of the 18,094 
unselected cases (see supplemental eTable 1 and 
eFigure 1, available with this article at JNCCN.org). 
Among the 7,519 randomly selected cases, 270 (4%) 
were excluded (Figure 1). Among 2,920 patients 
with stage III disease, 119 (4%) died within 30 days. 
Accordingly, the study population included 2,801 
patients; survival analyses are restricted to the 2,650 
patients alive 16 weeks after surgery. Characteristics 
of the study population are shown in Table 1. The 
median age was 70 years and 52% were male. 

Use of ACT
ACT was delivered to 66% (1,861/2,801) of the study 
population. Use rates remained stable throughout 
the study period (range, 64%–70%; P=.421). Spe-
cific regimens were identified for 69% (1,282/1,861) 
of ACT cases. Among these cases, 27% (343/1,282) 
received 5-FU alone, 19% (243/1,282) received 
capecitabine, 38% (487/1,282) received FOLFOX, 
and 16% (209/1,282) received FOLFIRI. Patients 
with advanced age, greater comorbidity, and/or low-
er SES were substantially less likely to receive ACT 
(Table 2). Increased postoperative length of stay was 
associated with lower use of ACT. There was no sig-
nificant variation in use of ACT by geographic re-
gion, hospital volume, or surgeon volume. 

Figure 1.  Identification of study population.  
Abbreviation: NACT, neoadjuvant chemotherapy.
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http://www.jnccn.org/content/14/1/47/suppl/DC1
http://www.jnccn.org/content/14/1/47/suppl/DC1
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Effectiveness of ACT
Five-year CSS and OS rates for all patients were 56% 
(95% CI, 54%–59%) and 51% (95% CI, 49%–53%), 
respectively. Among ACT-treated cases, unadjusted 
CSS and OS rates at 5 years were 62% (95% CI, 
59%–64%) and 59% (95% CI, 56%–61%), respec-

tively. In adjusted analyses, greater age is associated 
with inferior CSS and OS (Table 3). Comorbidity 
is associated with OS but not CSS. Disease-related 
characteristics (T stage, N stage, lymphovascular in-
vasion, and grade) are all associated with CSS and 
OS. After controlling for relevant patient-, disease-, 
and system-related characteristics, use of ACT was 
associated with a decreased risk of death from cancer 
(HR, 0.63; 95% CI, 0.54–0.73) and decreased risk 
of death from any cause (HR, 0.62; 95% CI, 0.55–
0.71) (Figure 2). This result was consistent in the 
propensity score analysis (HR for CSS, 0.63; 95% 
CI, 0.54–0.73; HR for OS, 0.63; 95% CI, 0.55–0.71) 
(supplemental eTable 2). 

Discussion
This report describes the use and effectiveness of 
ACT for stage III colon cancer in the general popu-
lation. Several important findings have emerged. 
First, one-third of patients with stage III colon can-
cer were not treated with ACT. Second, the most 
significant predictor of ACT use was patient age; 
treatment rates decreased markedly with advanced 
age. Third, long-term survival after ACT in the gen-
eral population is substantially lower than outcomes 
reported in the relevant clinical trials. Finally, use of 
ACT in routine practice is associated with a substan-
tial reduction in the risk of death. 

It is useful to consider our study results in light 
of the existing literature. Although a number of 
studies have described use rates of ACT for stage 
III colon cancer in routine practice, many of them 
are restricted to patients older than 65 years of age 
treated in the United States; ACT use rates in these 
US studies range from 42% through 75%.14,15,19,28,29 
In a recent study of patients aged 20 years or older 
randomly selected from the SEER database, Murphy 
et al21 found that ACT treatment rates for stage III 
colon cancer peaked at 72% in 2005 and declined 
slightly to 66% in 2010. They found that advanced 
age and greater comorbidity was associated with low-
er rates of ACT. Two studies using the US National 
Cancer Data Base (NCDB)16,17 during 1998–2007 
reported ACT rates of 71% to 74%. Lindskog et 
al20 used the Swedish Colorectal Cancer Registry to 
identify 3,485 patients with stage III colon cancer 
treated in 2002–2005; ACT was delivered to 84% 
of patients. In the largest Canadian study of ACT 

Table 1.   Characteristics of Patients With Stage 
III Colon Cancer Treated With Surgical 
Resection in Ontario 2002–2008 
(n=2,801)

Characteristic            n (%)
Patient-related

Age, y
20–49 207 (7%)
50–59 437 (16%)
60–69 727 (26%)
70–79 872 (31%)
>80 558 (20%)

Sex
Male 1,462 (52%)
Female 1,339 (48%)

SES by quintilea

1 595 (21%)
2 648 (23%)
3 590 (21%)
4 509 (18%)
5 453 (16%)

Charlson comorbidity score
0 2,267 (81%)
1 313 (11%)
≥2 221 (8%)

Disease-related
Grade

Well–moderately 
differentiated

2,141 (76%)

Poorly differentiated 610 (22%)
Unstated 50 (2%)

Lymphovascular invasion
Yes 1,378 (49%)
No 1,209 (43%)
NA 214 (8%)

T stage
≤T1 43 (2%)
T2 180 (6%)
T3 1,854 (66%)
T4 724 (26%)

N stage
N1 1,663 (59%)
N2 1,138 (41%)

Lymph nodes harvestb

 Mean 16.9
 Median 15
≥12 2,051 (73%)
<12 745 (27%)

Abbreviations: NA, not applicable; SES, socioeconomic status. 
aQuintile 1 represents the communities where the poorest 20% of 
the Ontario population resided. SES data were not available for 6 
patients.   
bNode count data were not available for <6 patients.

http://www.jnccn.org/content/14/1/47/suppl/DC1
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Table 2.   Factors Associated With Use of Adjuvant  
Chemotherapy Among Patients With Stage III Colon 
Cancer in Ontario 2002–2008 (n=2,801)

Characteristic

Proportion 
Receiving Adjuvant 
Chemotherapy

Multivariate Analysis
RR (95% CI)a P Value

Patient-related
Age, y <.001

20–49 90% Ref
50–59 83% 0.92 (0.86–0.98)
60–69 81% 0.92 (0.87–0.98)
70–79 68% 0.82 (0.77–0.88)
≥80 24% 0.30 (0.26–0.35)

Sex .919
Male 63% Ref
Female 69% 1.00 (0.96–1.05)

Socioeconomic status, quintileb .049
1 60% 0.92 (0.85–1.00)
2 63% 0.93 (0.87–1.01)
3 67% 0.98 (0.91–1.06)
4 72% 1.02 (0.95–1.09)
5 74% Ref

Charlson comorbidity score <.001
0 71% Ref
1 57% 0.93 (0.85–1.02)
2 38% 0.67 (0.58–0.78)

Length of hospital stay, d <.001
<7 79% Ref
7–10 73% 0.97 (0.93–1.02)
>10 50% 0.74 (0.69–0.79)

Disease-related
T stage .806

<T3 70% Ref
T3 67% 0.98 (0.91–1.06)
T4 65% 0.97 (0.89–1.06)

N stage .424
N1 65% Ref
N2 69% 1.02 (0.97–1.07)

Lymphovascular invasion .381
No 66% Ref
Yes 67% 1.00 (0.95–1.05)
NA 65% 0.94 (0.85–1.03)

Grade .973
Well–moderately 
differentiated 67% Ref
Poorly 
differentiated 65% 0.99 (0.94–1.05)
Unstated 70% 1.01 (0.86–1.18)

System-related
Region .103

A 67% Ref
B 67% 1.04 (0.96–1.11)
C 64% 0.99 (0.90–1.08)
D 67% 1.08 (0.98–1.19)
E 78% 1.26 (1.10–1.45)
F 62% 1.00 (0.87–1.15)
G 63% 0.99 (0.89–1.10)
H 66% 1.05 (0.97–1.13)

Surgeon volume .695
Q1 (low volume) 63% 0.97 (0.91–1.04)
Q2 66% 0.99 (0.93–1.06)
Q3 68% 1.01 (0.95–1.08)
Q4 (high volume) 68% Ref

Hospital volume .729
Q1 (low volume) 67% 1.00 (0.93–1.08)
Q2 67% 0.97 (0.91–1.04)
Q3 66% 0.97 (0.91–1.04)
Q4 (high volume) 66% Ref

A total of 55 cases were excluded from analysis because of unavailable data (socioeconomic status, region, surgeon volume). 
Abbreviations: NA, not applicable; Ref, referent; RR, relative risk. 
aModified Poisson regression was used to estimate the relative risks.  
bQuintile 1 represents the communities where the poorest 20% of the Ontario population.
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Abbreviations: CSS, cancer-specific survival; HR, hazard ratio; NA, not applicable; OS, overall survival; Ref, referent. 
a51 cases were excluded from analysis because of unavailable data (socioeconomic status, region, surgeon volume). 
bQuintile 1 represents the communities where the poorest 20% of the Ontario population resided.  

(continued)

Table 3.   Factors Associated With Cancer-Specific and Overall Survival Among Patients With Stage III    
Colon Cancer in Ontario 2002–2008 (n=2,650) 

Cancer-Specific Survivala Overall Survivala

Multivariate Analysis Multivariate Analysis

Characteristic
5-Year 
CSS HR (95% CI) P Value 5-Year OS HR (95% CI) P Value

Patient-related

Age, y .008 <.001

20–49 66% Ref 64% Ref

50–59 63% 1.28 (0.95–1.72) 61% 1.33 (1.01–1.74)

60–69 59% 1.34 (1.01–1.77) 57% 1.41 (1.09–1.81)

70–79 52% 1.58 (1.20–2.08) 48% 1.65 (1.28–2.11)

≥80 49% 1.55 (1.15–2.09) 35% 2.07 (1.59–2.70)

Sex .053 .002

Male 55% Ref 51% Ref

Female 58% 0.88 (0.78–1.00) 52% 0.84 (0.76–0.94)

Socioeconomic status, quintileb .308 .389

1 56% 1.06 (0.85–1.32) 56% 1.02 (0.84–1.22)

2 52% 1.20 (0.97–1.48) 52% 1.15 (0.96–1.37)

3 58% 1.03 (0.83–1.28) 58% 1.01 (0.84–1.21)

4 57% 1.15 (0.92–1.43) 57% 1.08 (0.90–1.30)

5 60% Ref 60% Ref

Charlson comorbidity score .375 <.001

0 58% Ref 54% Ref

1 48% 1.13 (0.94–1.37) 41% 1.27 (1.09–1.49)

2 49% 1.09 (0.86–1.37) 33% 1.47 (1.23–1.75)

Length of hospital stay, d <.001 <.001

<7 63% Ref 63% Ref

7–10 55% 1.17 (0.99–1.38) 55% 1.16 (1.00–1.34)

>10 37% 1.56 (1.32–1.85) 37% 1.60 (1.39–1.85)

Disease-related

T stage <.001 <.001

<T3 84% Ref 77% Ref

T3 59% 2.19 (1.55–3.08) 54% 1.57 (1.23–1.99)

T4 38% 3.65 (2.57–5.19) 35% 2.33 (1.81–3.01)

N status <.001 <.001

N1 65% Ref 59% Ref

N2 43% 2.03 (1.79–2.31) 40% 1.73 (1.55–1.93)

Lymphovascular invasion <.001 <.001

No 66% Ref 59% Ref

Yes 49% 1.30 (1.14–1.50) 44% 1.28 (1.14–1.44)

NA 54% 1.43 (1.13–1.81) 50% 1.30 (1.06–1.59)
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Table 3.   Factors Associated With Cancer-Specific and Overall Survival Among Patients With Stage III    
Colon Cancer in Ontario 2002–2008 (n=2,650) 

Cancer-Specific Survivala Overall Survivala

Multivariate Analysis Multivariate Analysis

Characteristic
5-Year 
CSS HR (95% CI) P Value 5-Year OS HR (95% CI) P Value

Disease-related (cont.)

Grade .001 .034

Well–
moderately 
differentiated

59% Ref 53% Ref

Poorly 
differentiated

46% 1.29 (1.12–1.49) 43% 1.18 (1.04–1.34)

Unstated 67% 0.80 (0.48–1.35) 57% 0.98 (0.66–1.45)

System-related

Region .031 .034

 A 59% Ref 55% Ref

B 52% 1.25 (1.03–1.51) 48% 1.19 (1.01–1.41)

C 54% 1.28 (1.01–1.61) 49% 1.14 (0.93–1.41)

D 51% 1.29 (1.00–1.68) 44% 1.35 (1.08–1.69)

E 62% 0.92 (0.55–1.55) 51% 1.11 (0.74–1.66)

F 55% 1.01 (0.71–1.43) 44% 1.09 (0.82–1.45)

G 50% 1.25 (0.97–1.63) 45% 1.29 (1.04–1.61)

H 58% 0.93 (0.76–1.13) 52% 0.98 (0.83–1.15)

Surgeon volume .613 .535

Q1 (low 
volume)

54% 1.11 (0.93–1.33) 48% 1.12 (0.96–1.31)

Q2 59% 1.06 (0.88–1.28) 53% 1.07 (0.92–1.26)

Q3 53% 1.11 (0.93–1.33) 49% 1.08 (0.93–1.26)

Q4 (high 
volume)

58% Ref 55% Ref

Hospital volume .069 .039

Q1 (low 
volume)

57% 0.98 (0.81–1.19) 50% 1.07 (0.90–1.26)

Q2 52% 1.20 (1.00–1.43) 48% 1.23 (1.06–1.43)

Q3 57% 1.01 (0.84–1.21) 52% 1.06 (0.90–1.24)

Q4 (high 
volume)

59% Ref 56% Ref

Adjuvant chemotherapy <.001 <.001

Yes 62% 0.63 (0.54–0.73) 59% 0.63 (0.55–0.71)

No 44% Ref 35% Ref

Abbreviations: CSS, cancer-specific survival; HR, hazard ratio; NA, not applicable; OS, overall survival; Ref, referent. 
a51 cases were excluded from analysis because of unavailable data (socioeconomic status, region, surgeon volume). 
bQuintile 1 represents the communities where the poorest 20% of the Ontario population resided.  

(cont.)
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use, Winget et al18 identified 772 patients with 
stage III colon cancer diagnosed in Alberta during 
2002–2005. ACT was delivered to 50% of patients. 
Age, comorbidity, and SES were associated with use 
of ACT. They also observed significant geographic 
variation in treatment rates. Two smaller Canadian 
studies have reported similar rates of ACT use (53% 
and 55%).30,31 Our observed ACT use rate of 66% in 
Ontario during 2002–2008 is greater than reported 
in earlier Canadian studies, yet remains substantially 
lower than found in other population-based reports 
from the United States and Sweden.

Our results also provide insight into whether 
the efficacy of ACT observed in RCTs translates 
into effectiveness in routine practice. Five-year OS 
of patients treated with ACT in the contempo-
rary MOSAIC (The Maudsley Outpatient Study 
of Treatments for Anorexia Nervosa and Related 
Conditions) and X-ACT (Xeloda in Adjuvant Co-
lon Cancer Therapy) RCTs was in the range of 68% 
to 76%.32,33 To our knowledge, only 2 population-
based studies report long-term survival of patients 
with stage III colon cancer treated with ACT, both 
of which use US SEER data and are restricted to 

patients aged 65 years or older.14,22 In both studies, 
the 5-year OS of patients treated with ACT was ap-
proximately 55%. In our study, the 5-year OS of all 
patients was 51%, and was 46% among patients aged 
65 years or older. These data suggest that the survival 
of patients with stage III colon cancer treated with 
ACT in routine practice is considerably lower than 
that reported in RCTs. This highlights the fact that 
patients in clinical trials may be very different from 
patients seen in routine practice. 

In the IMPACT (International Multicentre 
Pooled Analysis of Colon Cancer Trials) meta-anal-
ysis,2 5-FU–based ACT was associated with a 30% re-
duction in the risk of death. The observed treatment 
effect of ACT in our study (HR for OS, 0.63; 95% 
CI, 0.55–0.71) is comparable to relevant RCTs and 
other population-based analyses. Four studies have 
used SEER data to evaluate the effectiveness of ACT 
compared with surgery in elderly patients with stage 
III colon cancer; ACT was associated with improved 
survival in each of these studies (HR for OS range, 
0.51–0.73).14,15,19,22 In the most recent of these reports, 
Sanoff et al19 used SEER data to evaluate ACT effec-
tiveness in a cohort of patients older than 75 years 

Figure 2.  Survival curves for all patients with stage III colon cancer in Ontario 2002–2008 by adjuvant chemotherapy (ACT). (A) Unadjusted cancer-
specific (CSS) survival. (B) Unadjusted overall (OS) survival. (C) Adjusted CSSa. (D) Adjusted OSa. 
aCovariates adjusted include: age, sex, socioeconomic status, Charlson comorbidity score, length of hospital stay, T stage, N status, lymphovascular 
invasion, grade, region, surgeon volume, and hospital volume. 
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treated during 2004–2007. They found that ACT was 
associated with a 40% reduction in the risk of death 
(HR, 0.60; 95% CI, 0.53–0.85). To our knowledge, 
Boland et al16 reported the only study that evaluated 
the effectiveness of ACT in a population of all ages. 
Using the NCDB, the authors identified 48,758 pa-
tients treated during 1998–2002. Cases with surgery 
and ACT were classified as being adherent to guide-
lines. In propensity score adjusted analyses, they found 
improved OS for cases with guideline-adherent care 
(HR, 0.53; 95% CI, 0.51–0.55). 

Our study provides detailed data regarding the 
use of ACT and outcomes of patients with stage III 
colon cancer in a contemporary population-based 
cohort; however, several methodologic limitations 
merit comment. The study population was identi-
fied using linked administrative health databases. 
Although the OCR and the Canadian Institute for 
Health Information data sets are known to be consis-
tent and complete,23,24,34 it is possible that our results 
may be biased by misclassification. Although the 
electronic data sources used in this study describe 
general aspects of disease, treatment, and outcome 
for all patients in the province, detailed informa-
tion related to stage carcinoembryonic antigen level, 
chemotherapy dose/cycles, treatment toxicity, and 
performance status is not available, and this limits 
our ability to evaluate the appropriateness of case se-
lection for ACT. 

It is possible that other unmeasured confound-
ers may have contributed to the observed survival 
benefit with ACT. As with any retrospective cohort 
study, the finding that treatment is associated with 
improved outcome may reflect unmeasured differ-
ences (ie, comorbidity) between patients who were 
treated and those who were not. Confounding could 
have accounted for the observed association only if 
an unmeasured confounder was extremely unequally 
distributed between treated and untreated groups and 
was associated with a large increase in risk of death. 
Even in the setting of persistent residual confound-
ing, the observed effect size is large enough that we 
believe the study results demonstrate the effectiveness 
of ACT in routine practice. We believe our results are 
made more convincing based on the fact that we ob-
serve a large treatment effect for CSS, which may be 
less prone to the effect of additional comorbidity than 
OS. Moreover, in a separate analysis of patients with 
stage II colon cancer, we did not observe any benefit 

to ACT (data not shown). If residual confounding 
explains the ACT treatment effect in stage III colon 
cancer, one might expect to see a similar phenomenon 
in patients with stage II disease. The results of our Cox 
model analysis were consistent using propensity score 
methodology, which may further reduce bias from un-
measured confounders.35 

Our study population was identified from the 
OCR and is therefore unselected, and, unlike most 
of the existing literature, includes patients of all 
ages. Because of the work required to manually re-
view surgical pathology reports, our study population 
is a random sample of approximately 25% of all cases 
treated in Ontario during the study period. There 
were no substantial differences in demographic char-
acteristics, ACT treatment rates, and survival out-
comes between the randomly selected cases and the 
cases not included in our study population (supple-
mental eTable 1 and eFigure 1). We did not obtain 
pathology reports for cases that involved surgery in 
2005. We believe it is very unlikely that this would 
bias our results in any significant way, because there 
were no observed temporal trends in practice or out-
come between 2002 and 2008. During the study pe-
riod, adjuvant oxaliplatin was not readily available 
in Ontario; for that reason, our results do not pro-
vide insight into the differential effect of oxaliplatin- 
containing ACT and therefore may be less generaliz-
able to contemporary practice. 

A total of 16% of patients in our study received 
FOLFIRI (irinotecan, 5-FU, leucovorin), which is 
not a standard adjuvant regimen. We believe that 
this reflects 2 groups of patients. First, most of these 
patients were treated with ACT in the early years 
before the negative trials of adjuvant FOLFIRI were 
reported, and therefore reflect true ACT (either on-
study or off-study). Second, it is possible that some 
of these cases were found to have metastatic disease 
within 16 weeks after surgery and were therefore 
started on palliative FOLFIRI chemotherapy. 

Conclusions
In this contemporary population-based study of stage 
III colon cancer, one-third of patients did not receive 
ACT. We observed large differences in ACT use 
across age groups. Our data demonstrate that ACT 
for stage III colon cancer is associated with a sub-
stantial survival benefit in routine clinical practice. 
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eTable 1.  Characteristics of Patients Treated With Surgical Resection 
for Colon Cancer in Ontario 2002–2008 With and Without 
Randomly Selected Pathology Reports

Pathology Report: Yes 
n (%)

Pathology Report: No 
n (%)

N=7,519 N=18,094

Age, y 

20–49 470 (6%) 1,195 (7%)

50–59 1,025 (14%) 2,724 (15%)

60–69 1,804 (24%) 4,485 (25%)

70–79 2,477 (33%) 5,938 (33%)

≥80 1,743 (23%) 3,752 (21%)

Sex 

Male 3,842 (51%) 9,403 (52%)

Female 3,677 (49%) 8,691 (48%)

SES by quintilea 

1 1,584 (21%) 4,047 (22%)

2 1,777 (24%) 4,123 (23%)

3 1,627 (22%) 3,702 (20%)

4 1,357 (18%) 3,311 (18%)

5 1,152 (15%) 2,835 (16%)

Charlson comorbidity score 

0 5,890 (78%) 14,330 (79%)

1 941 (13%) 2,144 (12%)

≥2 688 (9%) 1,620 (9%)

Abbreviations: NA, not applicable; SES, socioeconomic status. 
aQuintile 1 represents the communities where the poorest 20% of the Ontario population resided. SES data were not available for 98 of 25,613 
(0.4%) patients.  

eTable 2.   Propensity Score Analysis Evaluating the Effect of Adjuvant Chemotherapy Compared 
With No Adjuvant Chemotherapy on Overall and Cancer-Specific Survival Among 2,650 
Patients With Stage III Colon Cancer in Ontario 2002–2008 

Cancer-Specific Survival Overall Survival

Quintile
Cases Without 
ACT

Cases With 
ACT

Adjusted HR  
(95% CI) P Value

Adjusted HR  
(95% CI) P Value

Quintile 1a (n=519) 387 132 0.78 (0.57–1.09) .146 0.76 (0.59–0.98) .036
Quintile 2 (n=520) 192 328 0.61 (0.47–0.79) <.001 0.62 (0.49–0.77) <.001
Quintile 3 (n=520) 107 413 0.73 (0.53–1.01) .060 0.65 (0.49–0.87) .003
Quintile 4 (n=520) 72 448 0.41 (0.28–0.60) <.001 0.45 (0.31–0.64) <.001
Quintile 5 (n=520) 48 472 0.50 (0.31–0.82) .006 0.51 (0.33–0.78) .002
Combined HR across quintiles 1–5 0.63 (0.54–0.73) <.001 0.63 (0.55–0.71) <.001

51 of 2,650 (2%) cases were not included in the propensity score analysis because of missing data. 
Abbreviations: ACT, adjuvant chemotherapy; HR, hazard ratio. 
aQuintile 1 reflects the 20% of patients with the lowest propensity to have ACT. 
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eFigure 1.  Cancer-specific survival curves of patients treated with surgical resection 
for colon cancer in Ontario 2002–2008 with and without randomly selected pathology 
reports. 
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