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ABSTRACT 

Background: Treatment guidelines in the 1990s established surgery followed by chemoradiotherapy as the standard 
treatment for stage II/III rectal cancer. Our aim was to investigate the association between the timing of adjuvant treat-
ment and patient survival in practice and identify demographic/clinical factors associated with treatment patterns. 
Methods: All residents of Alberta diagnosed with stage II/III rectal adenocarcinoma in 2000-2005 who had surgery 
were included in the study. Demographic and clinical data were obtained from the Alberta Cancer Registry and linked 
to hospital data and socioeconomic data from the 2001 Canadian Census. Overall and cancer-specific hazard ratios of 
death were estimated using Cox proportional hazards models. Results: 1243 patients were included in the study; 636 
(51%) patients received treatment consistent with guidelines. Patients who received adjuvant chemotherapy 12 - 16 
weeks after surgery or more than 16 weeks/ did not receive it had a 43% and 58% higher risk of rectal cancer death, 
respectively, compared to those who received it within 8 weeks of surgery. Conclusion: Adjuvant chemotherapy for 
stage II/III rectal cancer should be initiated within 12 weeks after surgery to maximize treatment benefits. Efforts to 
increase the proportion of patients treated within 12 weeks after surgery are needed. 
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Guidelines 

1. Introduction 

The National Institute of Health (NIH) Consensus Con-
ference in 1990 established surgical resection of adeno-
carcinoma of the rectum followed by chemo-radiother- 
apy as the recommended treatment for patients diagnosed 
with stage II or III disease [1]. This guideline was based 
on the results of several large randomized controlled tri-
als [2-4] and became the standard of care for patients 
with stage II/III rectal cancer in the United States. More 
recent studies have shown that pre-operative (neoadju-
vant) chemoradiotherapy significantly reduces local re-
currence rates [5-9] and improves disease-free survival 
among stage II/III rectal cancer patients [9,10]. The ma-
jority of the patients in the clinical trials initiated adju-
vant treatment within 6 weeks after surgery; this may not 
be easy to achieve in practice due to post-operative com-
plications and/or healthcare system limitations. The op-

timum timing for adjuvant treatment initiation for surgi-
cally resected stage II/III rectal patients, therefore, re-
mains unclear. 

In Alberta, Canada, the recommendation for patients 
diagnosed with stage II/III rectal adenocarcinoma is 
neoadjuvant radiation with or without chemotherapy 
and/or adjuvant chemotherapy with or without radiation; 
the minimum recommended treatment is, therefore, sur-
gery plus adjuvant chemotherapy. Adjuvant chemother-
apy should be initiated within twelve weeks of surgery. 
These guidelines are consistent with current ones from 
the National Comprehensive Cancer Network [11] and 
European Society for Medical Oncology [12].  

The goals of this study are to: 1) Describe treatment 
patterns of patients diagnosed with stage II/III rectal 
cancer between 2000 and 2005; 2) Estimate the propor-
tion of patients receiving adjuvant chemotherapy within 
12 weeks after surgery; 3) Identify patient/clinical char-
acteristics associated with receipt of adjuvant chemo-
therapy within 12 weeks after surgery; and 4) Investigate 
the association between the timing of adjuvant chemo-
therapy and survival of patients diagnosed with stage 
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II/III rectal cancer. 

2. Methods 

2.1. Study Population and Inclusion Criteria 

The province of Alberta has approximately 3 million 
residents; about two-thirds live in Edmonton or Calgary, 
the two largest cities. The province provides universal, 
publicly-funded health care system for its residents. 
Standard cancer treatments are free to patients as are as-
sociated visits to cancer facilities, including consultations 
with oncologists. Physicians and hospitals are legally 
required to report every cancer case they diagnose to the 
Alberta Cancer Registry, a member of the North Ameri-
can Association of Comprehensive Cancer Registries. 
The Alberta Cancer Registry, established in 1942, is rou-
tinely recognized for the high quality and completeness 
of its data [13]. 

All residents of Alberta diagnosed in 2000 to 2005 
with stage II or III rectal adenocarcinoma (International 
Classification of Diseases for Oncology (ICD-O) [14] 
code c19 and C20) were identified from the Alberta 
Cancer Registry. Patients were excluded if they did not 
receive surgery, died within 16 weeks of their surgery, 
were diagnosed with another primary cancer 6 months 
prior or subsequent to their rectal cancer diagnosis, did 
not have histologically confirmed adenocarcinoma, or 
were treated outside of Alberta. Cancer staging was 
based on the TNM (Tumor, Node, and Metastasis) sys-
tem from the American Joint Committee on Cancer 
(AJCC version 6) [15]. Local invasive tumors (T3-4) that 
have not spread to regional lymph nodes (N0) or distant 
metastatic sites (M0) were defined as stage II. Invasive 
tumors of any size (T1-4) that have spread to at least one 
regional lymph node (N1-2) but not to distant metastatic 
sites (M0) were defined as stage III. 

2.2. Data Sources 

Data were linked from four different data sources: Al-
berta Cancer Registry, Ambulatory Care Classification 
System (ACCS), Discharge Abstract Database (DAD), 
and the 2001 Canadian census. The Alberta Cancer Reg-
istry is responsible for recording and maintaining data on 
all cancer cases and cancer deaths in Alberta. Patient 
demographics, tumor histology and stage, postal code of 
residence at diagnosis, initial treatment modalities and 
start dates, and date of death, if deceased, were obtained 
from the Alberta Cancer Registry. Mortality data are up-
dated monthly using provincial vital statistics; cause of 
death is verified by the Alberta Cancer Registry using the 
International Classification of Disease (ICD-10) coding 
rules [16].  

The ACCS and DAD databases contain diagnosis and 

procedure codes on all outpatient and inpatient hospital 
visits, respectively, in the province of Alberta. All hospi-
tal visits that occurred in the year prior to the patient’s 
cancer diagnosis were used to identify co-morbidities 
using an enhancement [17] to the Charlson Co-morbidity 
Index [18]. 

The 2001 Canadian census was used to obtain socio-
economic indicators at the neighborhood level (census 
dissemination areas) for each patient. Four variables 
were used as measures of the neighborhood socioeco-
nomic status: 1) Median income; 2) Proportion of em-
ployment; 3) Proportion separated, divorced, or widowed; 
and 4) Proportion not graduated from high school. 

2.3. Statistical Analysis 

Descriptive statistics were calculated and Chi-square or 
Fisher’s Exact tests, as appropriate, were used to assess 
associations between patient/clinical characteristics and 
treatment regimen received. Treatment was categorized 
as: “Adjuvant treatment only” if post-operative chemo-
therapy with or without radiotherapy was received with-
out any pre-operative treatment; “Neoadjuvant treatment 
only” if radiotherapy with or without chemotherapy was 
received prior to surgery, without any post-operative 
treatment; “Neo + adjuvant treatment” if both neoadju-
vant and adjuvant treatment, as defined above, were re-
ceived; and “Other treatment” if curative surgery or sur-
gery followed by radiation therapy was received. 

Time from the date of surgery to the date of first adju-
vant chemotherapy session was calculated and patients 
were categorized into the following four groups for sta-
tistical analysis: received adjuvant chemotherapy within 
8 weeks after surgery; 8 - 12 weeks after surgery; 12 - 16 
weeks after surgery; or no adjuvant chemotherapy within 
16 weeks of surgery. This latter group includes patients 
who received one of: 1) Adjuvant chemotherapy more 
than 16 weeks after surgery; 2) Neoadjuvant treatment 
(chemotherapy and/or radiotherapy) plus surgery; 3) 
Surgery plus adjuvant radiotherapy but no adjuvant che-
motherapy; or 4) Only surgery. The outer limit of 16 
weeks for adjuvant chemotherapy was determined based 
on expected clinical practice and previous studies [19]. 
These categories were used to evaluate the association 
between timing of adjuvant chemotherapy initiation and 
patient survival. 

Kaplan-Meier curves were used to describe patient 
survival stratified by time from surgery to adjuvant che-
motherapy. Cumulative incidence curves were used to 
describe the cumulative mortality due to rectal cancer- 
specific deaths, treating other causes of death as compet-
ing risk [20]. The Kaplan-Meier and cumulative inci-
dence curves were started at 16 weeks after surgery. 
Deaths prior to this starting time were not included in the 
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analysis as this is the earliest time point that allows all 
“time from surgery to adjuvant chemotherapy” groups to 
be defined. 

Cox proportional hazards models were used to esti-
mate the adjusted hazard ratios (HRs) of overall and 
cancer-specific mortality by time from surgery to adju-
vant chemotherapy (time dependent covariate), starting at 
16 weeks after surgery. In order to closely adjust for age 
at diagnosis, a natural cubic spline of age at diagnosis 
was used with four knots [21]. Test for trends were per-
formed for time to adjuvant chemotherapy and year of 
diagnosis; p-values were calculated adjusting for all 
variables in the model. Patients were followed to the first 
event of death or March 31, 2009.  

All statistical analyses were conducted using SAS sta-
tistical software version 9.2 (SAS Institute, Cary, NC, 
USA) and R version 2.9 (R Foundation for Statistical 
Computing, Vienna, Austria). 

3. Results 

There were 1394 residents of Alberta diagnosed with 
stage II or III rectal cancer in the years 2000 to 2005. The 
following number of patients were excluded from the 
study based on the exclusion criteria described above: 40 
patients did not have surgery; 50 patients were diagnosed 
with another cancer within six months prior or subse-
quent to their rectal cancer diagnosis; 14 patients did not 
have histological confirmation of their disease; 6 patients 
had a histology other than adenocarcinoma; 1 patient was 
treated outside of Alberta; and 40 patients died within 16 
weeks after surgery. The remaining 1243 patients were 
included in the study. 

Table 1 shows the baseline characteristics of the 1243 
patients included in the study stratified by type of treat-
ment received. Overall, 473 (38%) of the stage II/III rec-
tal cancer patients had surgery only or surgery followed 
by radiotherapy without post-operative chemotherapy, 
134 (11%) received neoadjuvant treatment only, 501 (40%) 
received adjuvant treatment only, and 135 (11%) patients 
received both neoadjuvant and adjuvant treatment. The 
“neoadjuvant + adjuvant” and “adjuvant only” groups 
(51%) include the patients who had treatment consistent 
with guidelines whereas the other two groups (49%) in-
clude the patients who did not receive treatment consis-
tent with treatment guidelines. 

Treatment differed by stage (p < 0.001); 61% of pa-
tients diagnosed with stage II rectal cancer received in-
complete treatment, 431 (91%) received surgery only and 
the remaining 42 (9%) patients received radiotherapy 
prior to surgery without chemotherapy. Conversely, 11% 
of the patients with stage III rectal cancer received both 
neoadjuvant treatment and adjuvant chemotherapy and 
53% received adjuvant treatment that includes chemo-

therapy only. Higher co-morbidity scores, older age, and 
living in lower socioeconomic neighborhoods were each 
associated with lower rates of both pre- and post-surgical 
treatment (Table 1). 

Table 2 shows the demographic, clinical, and neigh- 
borhood-level socioeconomic characteristics of patients 
stratified by time from surgery to the receipt of adjuvant 
chemotherapy. Stage II rectal cancer patients, those aged 
75 years and older, and those with two or more severe 
co-morbidities were least likely to receive adjuvant che-
motherapy or receive it within 12 weeks of surgery. 
Lower rates of adjuvant chemotherapy were also seen 
among those who live in neighborhoods with a high per-
centage of divorced, separated or widowed, a low em-
ployment rate, low high school graduation rate, and/or a 
low median household income.  

Figures 1 and 2 show the Kaplan-Meier and cumula-
tive incidence curves for the overall survival and rectal 
cancer-specific mortality, respectively, by time from 
surgery to adjuvant chemotherapy. In Figure 2, the rectal 
cancer-specific mortality appears to be grouped into two 
groups: 1) Those who did not receive adjuvant chemo-
therapy or received it 12 weeks or more after surgery; 
and 2) Those who received it within 12 weeks. Those 
who received adjuvant chemotherapy within 12 weeks of 
their surgery had a considerably lower rectal cancer- 
specific mortality compared to those who did not receive 
it (Figure 2). 

Table 3 presents the fit of the Cox proportional haz-
ards models. The adjusted mortality HRs and correspond-
ing 95% confidence intervals (overall and rectal cancer- 
specific) for patients with stage II/III rectal cancer were 
adjusted for all variables shown in the table. There was 
no difference in the overall or rectal cancer-specific mor-
tality hazard for patients who received adjuvant chemo-
therapy 8 - 12 weeks after surgery relative to those who 
received it within 8 weeks. The rectal cancer-specific HR 
for patients who received adjuvant chemotherapy 12 - 16 
weeks after surgery, compared to those who received it 
within 8 weeks after surgery, was 1.43 (95% confidence 
interval (CI) 0.81 - 2.53). This estimate was similar to the 
HR for those who received it 16 weeks after surgery or 
more or did not receive adjuvant chemotherapy, 1.58 
(95% CI 1.09 - 2.30). The same group of patients also 
had a 1.68 times higher overall mortality hazard com-
pared to those who received chemotherapy within 8 
weeks after surgery (HR = 1.68, 95% CI 1.22 - 2.32). 

4. Discussion 

The primary aim of this study was to determine whether 
there was a relationship in clinical practice between the 
timing of initiation of adjuvant chemotherapy and sur-
vival for patients diagnosed with stage II/III rectal cancer.  
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Table 1. Characteristics of patients with stage II/III rectal cancer in Alberta with respect to treatments received. 

  Treatments N (%a) 

  Guideline-adherent Non-adherent 

Patients’ 
characteristics 

Total 
N (%b) 

Neo + adjuvant 
treatment 

Adjuvant treatment
only 

Neoadjuvant treatment 
only 

Other treatmentc

Total 1243 (100) 135 (11) 501 (40) 134 (11) 473 (38) 

Time to adjuvant chemotherapy***           

<8 weeks 244 (20) 54 (22) 190 (78) 0 (0) 0 (0) 

8 - 12 weeks 290 (23) 62 (21) 228 (79) 0 (0) 0 (0) 

12 - 16 weeks 71 (6) 13 (18) 58 (82) 0 (0) 0 (0) 

16+ weeks/no adjuvant chemo 638 (51) 6 (1) 25 (4) 134 (21) 473 (74) 

Stage***           

II 618 (50) 69 (11) 167 (27) 89 (14) 293 (47) 

III 625 (50) 66 (11) 334 (53) 45 (7) 180 (29) 

Sex**           

Female 475 (38) 43 (9) 188 (40) 37 (8) 207 (44) 

Male 768 (62) 92 (12) 313 (41) 97 (13) 266 (35) 

Age at diagnosis***           

<65 years 516 (42) 91 (18) 283 (55) 74 (14) 68 (13) 

65 - 75 years 374 (30) 31 (8) 177 (47) 35 (9) 131 (35) 

≥75 years 353 (28) 13 (4) 41 (12) 25 (7) 274 (78) 

Residence at diagnosis**           

South 108 (9) 10 (9) 44 (41) 6 (6) 48 (44) 

Calgary & area 408 (33) 41 (10) 182 (45) 40 (10) 145 (36) 

Central 193 (16) 14 (7) 72 (37) 15 (8) 92 (48) 

Edmonton & area 398 (32) 52 (13) 145 (36) 56 (14) 145 (36) 

North 136 (11) 18 (13) 58 (43) 17 (13) 43 (32) 

%Divorced, separated or widowed***           

<13% d/s/w 385 (32) 47 (12) 174 (45) 51 (13) 113 (29) 

13% - 29% d/s/w 712 (59) 76 (11) 284 (40) 71 (10) 281 (39) 

≥29% d/s/w 109 (9) 9 (8) 29 (27) 10 (9) 61 (56) 

% Employed***           

<60% 350 (29) 35 (10) 116 (33) 40 (11) 159 (45) 

60% - 71% 432 (36) 47 (11) 171 (40) 45 (10) 169 (39) 

≥71% 424 (35) 50 (12) 200 (47) 47 (11) 127 (30) 

Median annual household income***           

(Q1) <38,885 291 (24) 34 (12) 91 (31) 32 (11) 134 (46) 

(Q2) 38,885 - 51,004 318 (26) 28 (9) 129 (41) 40 (13) 121 (38) 

(Q3) 51,004 - 66,774 316 (26) 34 (11) 129 (41) 28 (9) 125 (40) 

(Q4) 66,774 or more 281 (23) 36 (13) 138 (49) 32 (11) 75 (27) 

% Not graduated from high school***           

< 27% (median) 586 (49) 69 (12) 267 (46) 68 (12) 182 (31) 

≥27% (median) 620 (51) 63 (10) 220 (35) 64 (10) 273 (44) 

No. of co-morbidities***           

0 1043 (84) 131 (13) 451 (43) 114 (11) 347 (33) 

1 134 (11) 2 (1) 39 (29) 13 (10) 80 (60) 

2 or more 66 (5) 2 (3) 11 (17) 7 (11) 46 (70) 

Year of diagnosis***           

2000 178 (14) 11 (6) 60 (34) 14 (8) 93 (52) 

2001 182 (15) 6 (3) 71 (39) 28 (15) 77 (42) 

2002 194 (16) 19 (10) 89 (46) 9 (5) 77 (40) 

2003 208 (17) 16 (8) 99 (48) 17 (8) 76 (37) 

2004 227 (18) 29 (13) 84 (37) 33 (15) 81 (36) 

2005 254 (20) 54 (21) 98 (39) 33 (13) 69 (27) 
***p < 0.001; **p < 0.01; *p < 0.05 p-values are based on tests of equality across the four “treatment” groups and the categories of the corresponding variable. 
aRow percent; bColumn percent; cIncludes patients who received either surgery only or surgery followed by radiotherapy. 
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Table 2. Characteristics of patients with stage II/III rectal cancer in Alberta with respect to timing of adjuvant chemother-
apy. 

  Time to adjuvant chemotherapy N (%a) 

Patient characteristics 
Total 

N (%b) 
≤12 weeks 12 - 16 weeks 

16+ weeks /no adjuvant 
chemotherapy 

Total 1243 (100) 534 (43) 71 (6) 638 (51) 

Stage***         

II 618 (50) 189 (31) 32 (5) 397 (64) 

III 625 (50) 345 (55) 39 (6) 241 (39) 

Sex         

Female 475 (38) 189 (40) 29 (6) 257 (54) 

Male 768 (62) 345 (45) 42 (5) 381 (50) 

Age at diagnosis***         

<65 years 516 (42) 326 (63) 37 (7) 153 (30) 

65 - 75 years 374 (30) 167 (45) 28 (7) 179 (48) 

≥75 years 353 (28) 41 (12) 6 (2) 306 (87) 

Residence at diagnosis**         

South 108 (9) 47 (44) 4 (4) 57 (53) 

Calgary & area 408 (33) 173 (42) 33 (8) 202 (50) 

Central 193 (16) 65 (34) 16 (8) 112 (58) 

Edmonton & area 398 (32) 184 (46) 11 (3) 203 (51) 

North 136 (11) 65 (48) 7 (5) 64 (47) 

% Divorced, separated or widowed***         

<13% d/s/w 385 (32) 183 (48) 30 (8) 172 (45) 

13% - 29% d/s/w 712 (59) 308 (43) 33 (5) 371 (52) 

≥29% d/s/w 109 (9) 31 (28) 5 (5) 73 (67) 

% Employed***         

<60% 350 (29) 123 (35) 18 (5) 209 (60) 

60% - 71% 432 (36) 186 (43) 21 (5) 225 (52) 

≥71% 424 (35) 213 (50) 29 (7) 182 (43) 

Median annual household income**         

(Q1) <38,885 291 (24) 106 (36) 13 (4) 172 (59) 

(Q2) 38,885 - 51,004 318 (26) 133 (42) 19 (6) 166 (52) 

(Q3) 51,004 - 66,774 316 (26) 139 (44) 15 (5) 162 (51) 

(Q4) 66,774 or more 281 (23) 144 (51) 21 (7) 116 (41) 

% Not graduated from high school***         

< 27% (median) 586 (49) 278 (47) 40 (7) 268 (46) 

≥27% (median) 620 (51) 244 (39) 28 (5) 348 (56) 

No. of co-morbidities***         

0 1043 (84) 487 (47) 67 (6) 489 (47) 

1 134 (11) 36 (27) 2 (1) 96 (72) 

2 or more 66 (5) 11 (17) 2 (3) 53 (80) 

Year of diagnosis**         

2000 178 (14) 62 (35) 7 (4) 109 (61) 

2001 182 (15) 60 (33) 11 (6) 111 (61) 

2002 194 (16) 89 (46) 14 (7) 91 (47) 

2003 208 (17) 96 (46) 14 (7) 98 (47) 

2004 227 (18) 95 (42) 10 (4) 122 (54) 

2005 254 (20) 132 (52) 15 (6) 107 (42) 
***p < 0.001; **p < 0.01; *p < 0.05 p-values are based on tests of equality across the three “Time to Adjuvant Chemotherapy” groups and the categories of the 
corresponding variable. aRow percent; bColumn percent. 
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Figure 1. Kaplan-Meier survival curves for all-cause death. 
 

 

Figure 2. Cumulative cause-specific mortality by time to adjuvant treatment. 
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Table 3. Adjusteda overall and rectal cancer-specific mortality hazard ratios for patients with stage II/III rectal cancer. 

Overall mortalityb Rectal cancer mortalityb 

Covariates 
Adjusted hazard ratios 

(95% CI) 
p-value 

Adjusted hazard ratios  
(95% CI) 

p-value

Time to adjuvant chemotherapy  <0.001c  0.03c 

< 8 weeks ref  ref  

8 - 12 weeks 1.13 (0.79 - 1.61) 0.51 1.01 (0.68 - 1.52) 0.95 

12 - 16 weeks 1.29 (0.76 - 2.20) 0.35 1.43 (0.81 - 2.53) 0.22 

16+ weeks/no adjuvant chemotherapy 1.68 (1.22 - 2.32) 0.002 1.58 (1.09 - 2.30) 0.02 

Neoadjuvant treatment  0.02  0.01 

No ref  ref  

Yes 1.39 (1.05 - 1.84) 0.02 1.52 (1.09 - 2.11) 0.01 

Stage  <0.001  <0.001 

II ref  ref  

III 2.12 (1.73 - 2.61) <0.001 2.54 (1.96 - 3.31) <0.001 

Sex  0.002  0.71 

Male ref  ref  

Female 0.72 (0.58 - 0.89) 0.002 0.95 (0.74 - 1.23) 0.72 

Residence at diagnosis  0.32  0.06 

Edmonton & area ref  ref  

South 1.13 (0.79 - 1.63) 0.50 1.64 (1.06 - 2.54) 0.03 

Calgary & area 0.92 (0.71 - 1.19) 0.53 1.21 (0.87 - 1.69) 0.25 

Central 1.27 (0.95 - 1.70) 0.11 1.68 (1.16 - 2.43) 0.006 

North 1.17 (0.82 - 1.68) 0.38 1.42 (0.91 - 2.21) 0.13 

% Divorced, separated or widowed  0.18  0.21 

<13% d/s/w ref  ref  

13% - 29% d/s/w 1.31 (0.98 - 1.76) 0.07 1.29 (0.91 - 1.85) 0.15 

≥29% d/s/w 1.20 (0.76 - 1.91) 0.43 0.98 (0.55 - 1.78) 0.96 

% Employed  0.27  0.24 

<60% 0.85 (0.64 - 1.13) 0.27 0.91 (0.64 - 1.31) 0.63 

60% - 71% 1.04 (0.81 - 1.33) 0.77 1.17 (0.86 - 1.59) 0.31 

≥71% ref  ref  

Median annual household income  0.58  0.66 

(Q1) < 38,885 0.94 (0.62 - 1.42) 0.76 1.09 (0.65 - 1.83) 0.75 

(Q2) 38,885 - 51,004 1.01 (0.69 - 1.48) 0.96 1.18 (0.74 - 1.88) 0.49 

(Q3) 51,004 - 66,774 0.85 (0.60 - 1.20) 0.35 0.95 (0.61 - 1.46) 0.80 

(Q4) 66,774 or more ref  ref  

No. of co-morbidities  <0.007  0.54 

0 ref  ref  

1 1.23 (0.93 - 1.63) 0.14 1.18 (0.82 - 1.71) 0.36 

2 or more 1.72 (1.21 - 2.44) 0.002 1.22 (0.73 - 2.03) 0.45 

Year of diagnosis  <0.01c  0.98 

2000 ref  ref  

2001 0.84 (0.61 - 1.16) 0.30 0.98 (0.66 - 1.47) 0.93 

2002 0.80 (0.58 - 1.12) 0.19 0.94 (0.61 - 1.43) 0.75 

2003 0.68 (0.48 - 0.98) 0.04 0.90 (0.57 - 1.41) 0.63 

2004 0.81 (0.57 - 1.15) 0.23 1.05 (0.67 - 1.65) 0.82 

2005 0.63 (0.42 - 0.94) 0.02 0.93 (0.56 - 1.54) 0.77 
aAdjusted for all variables shown in the table plus age at diagnosis using a cubic spline with 4 knots and % graduated from high school in the neighborhood. 
bSurvival time starts at 16 weeks after surgery; cTest for trend. 
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Additionally, we aimed to quantify the proportion of pa- 
tients who received adjuvant chemotherapy within 12 
weeks after surgery and their association with patient/ 
clinical characteristics.  

Of those diagnosed with stage II/III rectal cancer in 
Alberta between 2000 and 2005 and who met the inclu-
sion criteria, 534 (43%) patients received adjuvant che-
motherapy within 12 weeks after surgery. The remaining 
patients, however, either received delayed adjuvant che-
motherapy or did not receive it. Factors strongly associ-
ated with not receiving adjuvant chemotherapy were: 
patient age 75 years or older; diagnosed with stage II 
disease; presence of one or more serious co-morbidities; 
living in neighborhoods with low socio-economic indi-
cators; and region of residence. Both clinical trials and 
population-based studies have shown that elderly patients 
and those with co-morbidities can benefit from pre-op- 
erative [6,9,10] and post-operative [8,22-26] therapy. 
Older age and co-morbidities may be related to post- 
surgical complications or delayed recovery that could 
affect whether a patient received adjuvant chemotherapy 
and/or the timing of it; we were not able to evaluate these 
possibilities in our study.  

In a publicly-funded healthcare system, however, fac-
tors such as region of residence and socioeconomic status 
should not be related to the receipt of standard treatment. 
Similar results have also been found in patients with 
stage III colon cancer diagnosed in Alberta [25,27]. Col- 
lectively, these results suggest that provision of free 
healthcare services does not, in and of itself, eliminate 
access barriers to standard care. Research is needed to 
improve understanding of barriers related to region/ 
neighborhood of residence and socioeconomic status so 
they can be addressed.  

Few studies have compared standard treatment rates 
by disease stage for rectal cancer, but those that have also 
found lower adherence among patients with stage II dis-
ease relative to those with stage III disease [28]. Reasons 
for this are not clear, although it may be due, at least in 
part, to failure to refer patients to an oncologist. This is 
supported by a recent finding [29] that residents of Al-
berta diagnosed with stage II rectal cancer were less 
likely to have a consultation with an oncologist than 
those with stage III disease, a prerequisite to receiving 
radiation and/or chemotherapy in Alberta. Some sur-
geons and/or family physicians may not be aware of the 
difference in standard treatment for stage II rectal cancer 
versus stage II colon cancer. Alternatively, they may 
think that only tumors that have spread to lymph nodes 
(i.e., stage III) warrant adjuvant treatment. Regardless, 
efforts are needed to increase the proportion of rectal 
cancer patients who receive treatment consistent with 
guidelines in order to improve survival and maximize 
patient outcomes. Rectal cancer is a disease where treat-

ment guidelines are continuously updated [30,31], there-
fore, ongoing discussions and education across medical 
specialists are especially important to ensure optimal 
treatment for patients.  

Further investigation to identify the reasons for re-
ceiving delayed treatment is also needed to optimize pa-
tient outcomes. Physicians may delay radiation and/or 
chemotherapy due to a slow recovery from surgery, post- 
surgery complications, or possibly a change in the pa-
tient’s decision to receive adjuvant therapy. Alternatively, 
delays may occur due to inefficiencies in the health care 
system or to shortages of resources to deliver care.  

This is the first population-based study to investigate 
the association between timing of adjuvant treatment 
initiation and survival among patients with stage II/III 
rectal cancer. Current treatment guidelines in Alberta are 
supported by this study: patients with stage II/III rectal 
cancer should receive adjuvant treatment within 12 
weeks of surgery. Patients who received adjuvant treat-
ment 12 - 16 weeks post-surgery or 16 weeks and more 
or did not receive it at all, were 1.43 and 1.58 times, re-
spectively, more likely to die of rectal cancer than those 
who received treatment within 8 weeks of surgery, after 
adjusting for relevant factors. Although the HR for the 
group who received adjuvant treatment 12 - 16 weeks 
after surgery was not statistically significant (p = 0.22), it 
is a clinically significant increase and is consistent with 
the HR for the “16+ weeks /no adjuvant chemotherapy” 
group. Furthermore, the rectal cancer-specific cumulative 
incidence curves for the two groups are similar to each 
other and distinct from the curves for the patients that 
were treated within 8 weeks or treated within 8 to 12 
weeks of surgery. The statistical significance of this re-
sult was influenced by the relatively small number of 
patients who received adjuvant treatment 12 - 16 weeks 
post-surgery (71 patients). 

The finding that 12 weeks is the maximum time that 
should elapse from surgery to initiation of adjuvant treat-
ment is consistent with findings from a similar study 
conducted on patients with stage III colon cancer in Al-
berta [19] as well as one that used the US National Can-
cer Institute’s Surveillance, Epidemiology, and End Re-
sults data [32]. All three studies found that patients 
should receive adjuvant chemotherapy within 12 weeks 
of surgery to maximize patient survival. The consistency 
of these findings across different study populations, de-
spite slightly different study methodologies, and across 
colon and rectal cancers is significant. 

A surprising result was that patients who received 
neoadjuvant treatment had a significantly higher risk of 
both overall and rectal cancer-specific death than those 
who did not receive neoadjuvant treatment (HR = 1.39, 
95% CI 1.05 - 1.84, p = 0.02 and HR = 1.52, 95% CI 
1.09 - 2.11, p = 0.01, respectively). These results should 
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be interpreted with caution. A probable explanation is 
that patients who received neoadjuvant treatment were 
different in clinically-relevant ways than those who did 
not receive it. Neoadjuvant treatment is given specifi-
cally to shrink tumors that are large and/or suspected of 
increasing the risk of local recurrence. Clinical trials have 
found neoadjuvant radiation and/or combined chemoradia- 
tion to be effective in doing so [9,10], but no compari- 
sons have been made between patients who are clinically 
determined to need neoadjuvant treatment and those who 
are not with respect to their risk of death. Our findings 
suggest that even though the risk of local recurrence is 
decreased amongst those who need and receive neoadju-
vant treatment (based on clinical trials), their risk of rec-
tal cancer-specific death is still higher than those patients 
who do not clinically require neoadjuvant treatment. 

The findings of this study are robust and generalizable. 
Our linked dataset is a powerful tool and includes all 
patients diagnosed in the province of Alberta over a 
six-year period with up to nine years of follow-up. Only 
a clinical trial, however, can directly evaluate the effect 
timing of treatment has on survival. The intent of the 
study, however, was not to replace a clinical trial but 
rather to assess the association between treatment (and 
timing of it) and survival in a real clinical practice setting, 
in a population-based manner. Other limitations of the 
study, however, are that we did not have treatment details, 
such as completeness of the regimen or the specific 
treatment regimens received. Also, we did not have ac-
cess to other clinical factors that could have an effect on 
patient survival, such as surgical complications, tumor 
grade, number of positive lymph nodes, and patient func-
tional status. 

In summary, our results support the importance of re-
ceiving adjuvant chemotherapy within 12 weeks of sur-
gery as per current clinical treatment guidelines for pa-
tients with stage II or III rectal cancer. Only 43% of such 
patients diagnosed between 2000 and 2005 in Alberta, 
Canada, however, received the recommended treatment. 
Interventions are needed to ensure timely receipt of ad-
juvant chemotherapy for patients with stage II/III rectal 
cancer in order to optimize patient outcomes. 
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