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Abstract
Purpose: In the past 10 years, the number of available thera-
peutic options for patients with metastatic colorectal cancer
(MCRC) has expanded from fluorouracil (FU) -based therapy to
include irinotecan and oxaliplatin. The temporal impact of these
advances on the overall survival of a population-based cohort will
be evaluated.

Patients and Methods: Cohort A from years 1995 to 1996
was chosen to represent FU-based chemotherapy. In 2000 and
in 2003 to 2004, irinotecan and oxaliplatin respectively became
generally available to patients in British Columbia, Canada; co-
horts B and C were chosen from these years, respectively. In-
cluded were 1,333 patients referred with MCRC (metastatic
status, M1) in cohorts A (n � 357), B (n � 268), and C (n � 708).
Survival was calculated from time of diagnosis of M1 disease to
either death or date of last contact.

Results: Cohorts were generally similar; more patients re-
ceived chemotherapy in cohorts B (62%) and C (62%) compared
with cohort A (49%; P � .001). In cohort C, 33% of patients
received both irinotecan and oxaliplatin, and 10% of patients
received biologic therapies. In cohorts A, B, and C, median over-
all survival was 9.4, 10.8, and 13.1 months (A v C, P � .002; B v
C, P � .022) in all patients, respectively, and 12.6, 14.0, and 17.1
months (A v C, P � .004; B v C; P � .019) in patients treated with
chemotherapy, respectively. Improvements between cohorts A
and C achieved statistical significance, whereas those between
A and B did not. Patients not treated with chemotherapy expe-
rienced poor outcomes; this remained unchanged.

Conclusion: In this population-based study, a significant pro-
longation in overall survival was observed in patients with MCRC
in the period in which both irinotecan and oxaliplatin were avail-
able. Outcomes parallelled those seen in phase III clinical trials.

Introduction
Colorectal cancer is the second most common malignancy
worldwide. Currently, 25% of patients either present with met-
astatic disease or experience recurrence in this setting, and che-
motherapy represents the predominant therapeutic modality
with a demonstrated improvement in overall survival (OS).

There have been significant advances in chemotherapy for
metastatic colorectal cancer (MCRC) in the past decade. Previ-
ously, therapy with combination fluorouracil (FU) and leuco-
vorin (FL) resulted in median OS durations of approximately
12 months in phase III trials.1-3 The addition of irinotecan to
FL resulted in an additional 3-month prolongation of OS.4,5

Trials of doublet therapy with oxaliplatin and FL resulted in
additional increases in survival ranging from 16 to 20
months.6-8 Recent trials of first-line FL-based chemotherapy in
combination with bevacizumab have demonstrated additional
increases, with median OS of more than 20 months.9-10

In their analysis of the effect of chemotherapeutic agents,
Grothey et al11 demonstrated that therapy with all three drugs
(ie, FL, irinotecan, and oxaliplatin) was an important predictor
of median OS in patients enrolled onto phase III trials. Our
study was undertaken to estimate the impact of these agents on
OS at a population-based level in patients diagnosed with
MCRC in cohorts from three different time periods, who were
referred to the British Columbia Cancer Agency (BCCA).

Patients and Methods
Patients with newly diagnosed or relapsed metastatic colorectal
adenocarcinoma who were referred to the BCCA were in-
cluded. The BCCA is a provincial care agency with four major
centers to which more than 50% of patients with colorectal
cancer diagnosed in the province of British Columbia, Canada,
are referred. Patients residing outside of British Columbia at
time of diagnosis were excluded. Distant metastatic disease or
relapse was identified on imaging or biopsy. Patient, tumor,
treatment, and outcome data were collected and obtained from
the Colorectal Cancer Outcomes database. Time to relapse was
determined from time of initial diagnosis to time of diagnosis of
distant metastasis. Survival was calculated from time of diagno-
sis of M1 disease or of distant relapse to either death or date of
last contact.

Definition of Cohorts
Three cohorts were chosen as being representative of different
time periods in which the respective chemotherapy agents (ie,
FL, irinotecan, and oxaliplatin) were available and in which all
residents of British Columbia diagnosed with MCRC were re-
imbursed by a single-payer system. A 1995 to 1996 cohort (A)
was chosen to represent the era of primary FU-based chemo-
therapy. In 2000 and in 2003 to 2004, irinotecan and oxali-
platin were respectively introduced and made accessible to
patients; cohorts B and C were chosen to represent these peri-
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ods, respectively. Patients who presented with either M1 or
distant relapsed colorectal disease were included. Cohort A in-
cluded 357 referred patients; cohort B, 268 patients; and cohort
C, 708 patients.

Chemotherapy
Patients were considered to have received chemotherapy if at
least one cycle of chemotherapy had been administered, accord-
ing to the provincial pharmacy database. Treatment was admin-
istered according to evidence-based, standardized provincial
treatment protocols that were developed by multidisciplinary
committees, uniformly available in the internal information
system, and—as of January 2000—posted on the BCCA Web
site.12 Patients were assigned to mutually exclusive categories
according to history of chemotherapy treatment. Bolus and
infusional FL regimens as well as administration of oral cape-
citabine were classified as FU-based therapy. Irinotecan alone
or in combination with infusional or bolus FL or capecitabine
was classified as irinotecan-based therapy. Oxaliplatin was ad-
ministered with FL or capecitabine, and this was classified as
oxaliplatin-based therapy. Patients who received at least one
cycle of both irinotecan- and oxaliplatin-based therapies were
assigned to the category of irinotecan and oxaliplatin–based
therapy. Patients were assigned to the category of other chemo-
therapy if they had received raltitrexed, levamisole, mitomycin
C, or other therapy on a special-access, nonprotocol basis. Bio-
logic therapies such as bevacizumab and cetuximab were typi-
cally administered with either oxaliplatin or irinotecan and were
included in those respective groups.

Statistical Analysis
�2 and analysis of variance were used to detect differences be-
tween the three cohorts. OS was calculated from time of distant
metastasis to death or date of last contact. Kaplan-Meier curves
were used to plot survival. The study was approved by the
University of British Columbia Research Ethics Board.

Results
The study included a total of 1,333 patients. Patient demo-
graphics and clinical characteristics are summarized in Table 1.
Median follow-up of patients still alive was 9.6, 6.0, and 2.1
years in cohorts A, B, and C, respectively. Median age did not
significantly differ. Most prognostic characteristics were bal-
anced among the three cohorts. In patients presenting with
initial nonmetastatic disease, the time to relapse was shorter in
cohort B than it was in cohorts A (P � .004) and C (P � .01).
There was no difference among cohorts with respect to primary
resection.

More patients received chemotherapy for metastatic disease in
cohorts B (61.9%) and C (62.4%) compared with those in
cohort A (48.5%; P � .001). Irinotecan and oxaliplatin che-
motherapy was administered to 10.8% and 33.0% of patients
in cohorts B and C, respectively. The proportion of patients

who received monoclonal antibody therapy was 0.6% in cohort
B and 10.2% in cohort C.

Survival estimates for all patients and for those who did and did
not receive chemotherapy are listed in Tables 2 and 3, respec-
tively. A 3.7-month improvement in median survival was ob-
served in patients in cohort C—who were treated in the time
period in which all three drugs were available—compared with
those in cohort A, who were treated when FL only was available
(P � .002). Median OS was longer in the subset of patients who
received chemotherapy (Table 3), and the numeric differences
between cohorts A (12.6 months) and C (17.1 months) were
greater and remained statistically significant (P � .004). Out-
comes in patients untreated with chemotherapy were poor and
remained unchanged throughout the time periods. Kaplan-
Meier survival curves are depicted in Figures 1 through 3.

Discussion
To our knowledge, this is the first population-based study to
describe the impact of irinotecan and oxaliplatin on survival of
patients with MCRC. Results indicate that significant survival
gains occurred in the time period in which both agents were
available. Improved survival was only seen in patients who re-
ceived chemotherapy, the proportion of whom increased signif-
icantly across the three cohorts.

The population of British Columbia is similar to that of
North America; there is a diverse ethnic mixture, but people are
predominately of Western European backgrounds.13 The
strength of this study lies in the fact that clinical trials have a
selected population of patients who are deemed eligible to be
enrolled. These patients tend to be fitter than the average pop-
ulation. This can lead to overestimation of the true magnitude
of treatment. Although the median age of our group at 68 years
was higher than that in most clinical trials, it was within the
median age of diagnosis of colorectal cancer.14 It should also be
noted that an increasing proportion of patients was treated over
time. This is likely related to changes in practice; more patients
were referred for consideration of treatment as newer therapies
became available.15 However, it should be noted as well that the
median survival for patients treated with best supportive care
was not different among the three cohorts, suggesting that dif-
ferences in baseline prognostic features and the impact of sup-
portive interventions were likely not responsible for the survival
gains appreciated over time.

This analysis is subject to the limitations of a retrospective
study, in which differences observed among cohorts may be
biased because no randomization has occurred. In an effort to
overcome this bias, time cohorts rather than treatment cohorts
were chosen. Results may also be subject to bias as a result of
changes over time in a multitude of factors unrelated to
chemotherapy, such as referral, diagnostic, and surgical treat-
ment patterns. No information was available regarding the fre-
quency of resection of metastatic disease in the three groups.
Although metastatectomy impacts OS in patients diagnosed
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Table 1. Demographics and Clinical Characteristics of Patients Referred in 1995 to 1996 (cohort A), 2000 (cohort B),
and 2003 to 2004 (cohort C)

Characteristic Patients (N � 1,333) P*

Overall Between Cohorts

Cohort A
(n � 357)

Cohort B
(n � 268)

Cohort C
(n � 708)

A v B A v C B v C

No. % No. % No. %

Sex .92

Male, n � 796 216 60.5 158 59.0 422 59.6

Female, n � 537 141 39.5 110 41.0 286 40.4

Age at diagnosis of metastasis,
years

.44†

Median 68.3 66.4 67.7

� 50, n � 132 30 8.4 29 10.8 73 10.3 .25‡

50-70, n � 689 197 55.2 145 54.1 347 49.0

� 70, n � 512 130 36.4 94 35.1 288 40.7

Primary site of cancer .73

Colon, n � 996 262 73.4 204 76.1 530 74.9

Rectum, n � 337 95 26.6 64 23.9 178 25.1

Resection of primary .26‡

Yes, n � 1,023 284 79.6 206 76.9 533 75.3

No, n � 309 72 20.2 62 23.1 175 24.7

Unknown, n � 1 1 0.3 0 0

Presentation of metastatic stage
M1

� .001 � .001 .008 .03

At diagnosis, n � 1,099 272 76.2 238 88.8 589 83.2

At relapse, n � 234 85 23.8 30 11.2 119 16.8

Site of metastasis at
presentation

� .001 � .001 � .001 .11

None, n � 234 85 23.8 30 11.2 119 16.8

Liver only, n � 615 159 44.5 135 50.4 321 45.3

Lung only, n � 51 7 2.0 11 4.1 33 4.7

Distant nodal only, n � 29 9 2.5 2 0.7 18 2.5

Other solitary sites, n � 143 52 14.6 28 10.4 63 8.9

� 1 distant site, n � 261 45 12.6 62 23.1 154 21.8

Median follow-up, years

All patients 9.2 6.0 2.1

Alive patients 0.8 0.9 1.1

Adjuvant chemotherapy for
metastatic stage M0/MX

.42‡

Yes, n � 83 27 31.8 9 30.0 47 39.5

No, n � 151 58 68.2 21 70.0 72 60.5

Chemotherapy for metastasis � .001‡

Yes, n � 781 173 48.5 166 61.9 442 62.4

No, n � 552 184 51.5 102 38.1 266 37.6

Type of chemotherapy for
metastasis

� .001‡ � .001 � .001 � .001

FU based alone, n � 297 141 81.5 50 30.1 106 24.0

Irinotecan based, n � 204 9 5.2 87 52.4 108 24.4

Oxaliplatin based, n � 70 0 0.0 2 1.2 59 13.3

Irinotecan and oxaliplatin
based, n � 164

0 0.0 18 10.8 112 33.0

Bevacizumab/cetuximab,
n � 46

0 0.0 1 0.6 45 10.2

Other chemotherapy, n � 43 23 13.3 8 4.8 12 2.7

Abbreviation: FU, fluorouracil.
* P calculated on known values only.
† Calculated with analysis of variation.
‡ Calculated with �2.
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with MCRC, it is unlikely that a meaningful change in pattern
or practice occurred in British Columbia between 2000 and
2003 or 2004, the time period in which significant improve-
ments in survival were seen in this study.

Known prognostic factors16 were similar among cohorts A, B,
and C, including initial stage, time to diagnosis of metastatic

disease, history of adjuvant chemotherapy, and age. Of note,
there were more patients with more than one site of metastatic
disease. This may reflect the change in referral patterns, as more
patients with greater burdens of disease were referred for con-
sideration of systemic therapy. Time to diagnosis of metastatic

Figure 1. Kaplan-Meier survival curves of cohorts A (blue line), B
(green line), and C (red line).

Figure 2. Kaplan-Meier survival curves for patients who did not
receive chemotherapy in cohorts A (blue line), B (green line), and C
(red line).

Table 2. Survival Estimates for Patients Referred in 1995 to 1996 (cohort A), 2000 (cohort B), and 2003 to 2004
(cohort C)

Cohort Survival Estimate P

Median At 24 Months At 36 Months Overall Between Cohorts

Months 95% CI Months 95% CI Months 95% CI A v B A v C B v C

A 9.4 8.3 to 10.6 19.1 15.2 to 23.4 9.1 6.4 to 12.4 .003 .81 .002 .022

B 10.8 9.8 to 11.8 19.5 15.0 to 24.4 7.9 5.0 to 11.5

C 13.1 12.1 to 14.1 25.8 22.5 to 29.2 13.2 10.3 to 16.5

Table 3. Survival Estimates for Patients Who Did and Did Not Receive Chemotherapy in 1995 to 1996 (cohort A),
2000 (cohort B), and 2003 to 2004 (cohort C)

Cohort Survival Estimate P

Median At 24 Months Overall Between Cohorts

Months 95% CI Months 95% CI A v B A v C B v C

Patients who did not receive
chemotherapy

.49 .24 .61 .52

A, n � 184 7.6 6.6 to 8.6 12.7 8.3 to 18.0

B, n � 102 6.7 5.0 to 8.3 11.9 6.5 to 19.1

C, n � 266 6.7 5.1 to 8.2 14.2 10.3 to 18.7

Patients who did receive
chemotherapy

.004 .74 .004 .019

A, n � 173 12.6 10.6 to 14.6 26.0 19.7 to 32.7

B, n � 166 14.0 11.0 to 17.1 24.1 17.9 to 30.8

C, n � 442 17.1 15.7 to 18.5 32.8 28.2 to 37.5
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disease was shorter in cohort B, which may explain in part the
limited impact of irinotecan observed in this time period. Bio-
logic agents such as bevacizumab and cetuximab, shown to
improve OS in MCRC,9,13,17 likely contributed minimally to
survival gains seen in cohort C, because only 10% of patients in
this cohort received such therapy. A future analysis will be per-
formed to assess the impact of these agents.

It is noteworthy that only 33% of patients in cohort C received
both irinotecan and oxaliplatin. This rate is lower than treat-
ment rates reported in phase III trials ongoing during the 2003
to 2004 time period. Although oxaliplatin was not approved in
Canada during this era, it was available and fully reimbursed for
both referred and nonreferred patients in British Columbia
through a Health Canada Special Access Program. The diverse,
population-based nature of the study groups may have contrib-
uted to the lower than expected rate of patients receiving all
three drugs. All four of the BCCA clinics are in urban areas;
however, all have large rural catchments that include areas with
limited chemotherapy delivery facilities. Thus, some patients
may have opted to forgo treatment and the associated travel
time.

In Figure 4, the median survival of patients receiving chemo-
therapy in cohorts B and C is plotted on the graph developed by
Grothey et al11 of median survival outcomes according to per-
centage of patients who received all three drugs. Outcomes of
BCCA patients seemed similar to those who participated in
international clinical trials, strengthening the observations of
the current study. Median survival of patients who did not
receive chemotherapy was short, likely attributable to signifi-
cant differences in underlying characteristics (eg, performance
status, comorbid illness, and age) among patients not offered or
who elected not to receive palliative chemotherapy. The pro-

portion of such patients was significantly lower in the more
recent time periods.

In conclusion, significant gains in survival in patients with
MCRC were observed in the time period in which both irino-
tecan and oxaliplatin were available compared with the time
periods in which only FU and irinotecan were available. Out-
comes in patients who did not receive chemotherapy were un-
changed and remained poor. Patients enrolled onto clinical
trials are a select population with performance status and organ
function higher than those of the general population. The pa-
tients presented in this study may well have had clinical factors
that would have excluded them from clinical trial participation;
however, the data show that a demonstrable benefit was still
seen, comparable to that of clinical trials. For clinicians, pa-
tients, and policy makers, it is important to estimate the benefit
of new therapies at the population-based level to understand the
impact of an intervention when generalized to a real-world
population. The demonstrated improvements documented in
this study may be used in conjunction with clinical trial data to
justify the resources used to fund costly yet efficacious therapies
in the ongoing treatment of MCRC.
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Figure 3. Kaplan-Meier survival curves for patients who received
chemotherapy in cohorts A (blue line), B (green line), and C (red line).

Figure 4. Plot of the Grothey et al11 analysis of overall survival in
relation to receiving leucovorin, irinotecan, and oxaliplatin. F, data
from published clinical trials included in the Grothey et al analysis; f,
median survival of 17.1 months in the 33% of patients in cohort C
who received all three drugs; �, median survival of 14 months in the
10.8% of patients in cohort B who received all three drugs. Adapted
with permission from Grothey et al.
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