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The incidence of cancer in Canada has increased
recently owing to population growth and aging.1

This increased incidence, in addition to the increased
use of expensive new drugs and technologies to treat cancer,
has led to a rise in cancer-related expenditures, which con-
sume a growing share of limited health care budgets.2–4

Previous studies have shown that many cancer-related
costs are incurred in the year after diagnosis.5–7 However,
which resources and health services contribute most to the
overall cost and whether rising prices or increased use can
explain increased expenditures is not yet fully understood.

We examined temporal trends in use of health care resources
and costs for melanoma, breast cancer (in women only), testicu-
lar cancer and thyroid cancer among patients aged 19–44 years,
and for breast (in women only), prostate, lung and colorectal
cancers among patients aged 45 years and older to understand
how patterns of care and associated costs for these cancers have

changed. Our age cut-offs are based on previous work because
there is no standard international definition of “young adult”;8

our rationale is that young adulthood stretches from the end of
adolescence to the start of menopause, in which the latter is
known to induce marked changes in the cancer profile of
women.8 We chose these types of cancer because they account
for about 60% of all cancers in each of the age groups included
in our study. We sought to identify current cancer care needs to
help predict trends in cancer care use and expenditures.
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Background: Cancer incidence and treatment-related costs are rising in Canada. We estimated health care use and costs in the first
year after diagnosis for patients with 7 common types of cancer in Ontario to examine temporal trends in patterns of care and costs.

Methods: We selected patients aged 19–44 years who had received a diagnosis of  melanoma, breast cancer (female only), testicu-
lar cancer or thyroid cancer, in addition to patients aged 45 years and older who had received a diagnosis of breast (female only),
prostate, lung or colorectal cancer, between 1997 and 2007. Patients were identified from the Ontario Cancer Registry. Using linked
administrative databases, we determined use and costs of chemotherapy, radiotherapy, cancer-related surgery, other admissions to
hospital and home care. We adjusted all costs to 2009 Canadian dollars.

Results: We identified 20 821 patients aged 19–44 years and 178 797 patients aged 45 years and older. The greatest increases in costs
during the study period were for melanoma, breast cancer, colorectal cancer, lung cancer and prostate cancer (p < 0.05). For prostate and
lung cancers, mean costs increased 50% (from $11 490 and $22 037 to $15 170 and $34 473, respectively). Mean costs doubled for breast
(from $15 460 and $12 909 to $35 977 and $29 362 for younger and older patients, respectively) and colorectal cancers (from $24 769 to
$43 964), and nearly tripled for melanoma (from $3581 to $8934). Costs related to hospital admissions accounted for the largest portion of
total costs. The use of chemotherapy, radiotherapy and home care generally increased for all cancers.

Interpretation: The significant increase in mean costs of initial cancer treatment among the patients included in this study was pri-
marily due to more patients receiving adjuvant therapy and home care, and to the increasing expenditures for these services and can-
cer-related surgeries. Understanding trends in health care use and costs can help policy-makers to take the necessary measures to
achieve a more accountable, high-performing health care system.
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Methods

Cohort selection
We selected patients from the Ontario Cancer Registry, the
population-based registry for Canada’s largest province (popu-
lation 13.2 million).9 We included patients with cancer aged
19 years and older whose first diagnosis occurred between Jan.
1, 1997, and Dec. 31, 2007, and who lived for at least 12 months
after receiving their diagnosis. We included patients assigned a
single, valid International Classification of Diseases for Oncol-
ogy, third edition (ICD-O-3), topography code for a primary
cancer (melanoma, or breast, thyroid or testicular cancer for
patients aged 19–44 years, and breast, prostate, lung or colorec-
tal cancer for patients aged 45 years and older) with no second
cancer diagnosed within 90 days of the initial diagnosis (Appen-
dix 1 at www.cmajopen.ca/content /1/4/E151/suppl/DC1). The
20 most frequent histology codes for each cancer were reviewed
by two practising oncologists (K.C. and W.C) to exclude
patients with missing, unusual or incorrect tumour types.

Defining resource categories and costs
We estimated and compared trends in use and costs for all
health care services (e.g., inpatient and outpatient hospital
care, physician services, outpatient drugs, diagnostic tests,
home care, continuing care and long-term care) provided dur-
ing the 12-month period after diagnosis (including the date of
diagnosis). In addition, we examined the trends in use and
mean costs for specific treatments: cancer-related surgery,
chemotherapy, radiotherapy and other cancer-related admis-
sions to hospital, as well as home care, given its growing
importance in Ontario in caring for people with cancer.

We obtained data on radiotherapy and data on chemother-
apy drugs provided under the New Drug Funding Program
from Cancer Care Ontario. We accessed administrative data-

bases (i.e., the Discharge Abstract Database, National Ambu-
latory Care Reporting System, Continuing Care Reporting
System, Ontario Health Insurance Plan [OHIP] Claims His-
tory Database, Ontario Drug Benefit Program, Ontario
Home Care Administrative System and Home Care Database)
through the Institute for Clinical Evaluative Sciences in
Toronto, Ontario (Table 1). Individual patient-level data were
linked using OHIP numbers and anonymized for analyses.

We employed validated costing methods used in previous
work to obtain robust estimates of use and costs (Appendix 2,
at www.cmajopen.ca/content/1/4/E151/suppl/DC1).10 To
select all cancer-related surgeries during a patient’s stay in hos-
pital, we used the Canadian Classification of Diagnostic, Ther-
apeutic, and Surgical Procedures codes (up to and including
Mar. 31, 2002) and the Canadian Classification of Health
Interventions codes (from Apr. 1, 2002, onward).11 Because
these codes are not comparable, we were not able to reliably
estimate cancer-related surgeries and other admissions to hos-
pital for 2002. Cost estimates for other resources were avail-
able in the data, or we obtained them from other sources (pre-
viously published work, community care access centres and the
Ontario Ministry of Health and Long-term Care).12,13

We adjusted costs to 2009 Canadian dollars using the
health care component of the Statistics Canada Consumer
Price Index for Ontario.14

Statistical analysis
We determined the percentage of patients receiving each
treatment or modality of care, the respective mean cost of care
in each year of diagnosis and the total mean cost of care for
each form of cancer by year of diagnosis.

We used linear regression models, with percentage of
patients receiving the treatment and cost as the dependent
variables and year of diagnosis as the independent variable to

Table 1: Data captured from administrative databases 

 ataD *esabataD

New Drug Funding Program Chemotherapy drugs 

Activity Level Reporting System Radiotherapy 

Ontario Health Insurance Plan Claims 
History Database 

Diagnostic tests, physician services, chemotherapy visits, 
emergency department visits  before 2002 

Ontario Drug Benefit plan data Outpatient prescription drugs for patients aged ≥ 65 yr, oral 
antineoplastic drugs, long-term care indicator 

CIHI-Discharge Abstract Database Inpatient admissions to hospital (cancer-related surgeries and 
other admissions), same-day surgeries before 2002 

CIHI-National Ambulatory Care 
Reporting System 

Emergency department visits after 2002; same-day surgeries 
after 2002 

Continuing Care Reporting System Stays in complex continuing care facilities 

Ontario Home Care Administrative 
System 

Home care up to Mar. 31, 2005 

Home Care Database Home care after Mar. 31, 2005 

Note: CIHI = Canadian Institute for Health Information.  

*All databases were available at the Institute for Clinical Evaluative Sciences, Toronto, Ont., with the exception of the New Drug 
Funding Program and Activity Level Reporting System, which were available through Cancer Care Ontario. 
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determine the significance of trends over time. For each slope
that we estimated, we calculated the 2-sided p values and 95%
confidence intervals (CIs) through normal approximation.15,16

This study was approved by the Research Ethics Board at
the University of Toronto, Toronto, Ontario.

Results

Our cohorts included 20 821 patients aged 19–44 years and
178 797 patients aged 45 years and older (of whom 101 426
were aged 65 years and older). The most common cancer
among patients in the younger group was breast cancer in
women (43.9%), followed by thyroid cancer (25.9%) (Table 2).
Prostate and breast cancers (36.4% and 31.1%, respectively)
were the most common cancers among patients in the older
age group (Table 2). Patients in the younger age group were
predominantly female (76.3%), whereas patients in the older
group were predominantly male (54.0%) (Table 2).

We found a significant increase in mean costs during the
first year after diagnosis for melanoma, and for breast, lung,
colorectal and prostate cancers from 1997 to 2007 (p < 0.05)
(Figure 1). Among younger patients, mean costs associated
with breast cancer more than doubled (from $15 460 in 1997
to $35 977 in 2007); costs associated with melanoma nearly
tripled (from $3581 in 1997 to $8934 in 2007). For older
patients, mean costs almost doubled for breast and colorectal
cancers (from $12 909 and $24 769 in 1997 to $29 362 and
$43 964 in 2007, respectively), and increased by about 50% for
prostate and lung cancers (from $11 490 and $22 037 in 1997
to $15 170 and $34 471 in 2007, respectively). Colorectal and
lung cancers presented the largest mean total costs throughout
our analysis period. Overall, the greatest changes worth noting
in first-year postdiagnosis costs occurred for breast (women in
both age groups), colorectal and lung cancers.

Breast cancer
Chemotherapy use rose from 70.1% of patients to 78.1%
among those aged 19–44 years (p > 0.05), and from 26.7% of
patients to 43.9% (p < 0.05) among those 45 years of age and
older (Figure 2; Appendix 3, at www.cmajopen.ca/content
/1/4/E151/suppl/DC1). Chemotherapy costs increased 5-fold
for all patients (from $2286 to $11 834 for patients aged 19–
44 years, p < 0.05; from $791 to $5978 for patients aged 45
years and older, p < 0.05) (Appendix 3).

The percentage of patients with breast cancer in the younger
group undergoing radiotherapy increased from 49.4% to 70.8%
during the study period (p < 0.05) (Figure 3), and corresponding
expenditures tripled (from $2067 in 1997 to $6268 in 2007) (p <
0.05; annual increase $393, 95% CI $224–$563) (Appendix 3).
The proportion of patients aged 45 years and older receiving
radiotherapy increased from 43.5% to 66.3% during the study
period (p < 0.05) (Figure 3), and the corresponding costs more
than tripled, from $1620 to $4920 (p < 0.05) (annual increase
$297, 95% CI $155–$438) (Appendix 3).

The proportion of patients using home care increased from
64.0% to 80.0% (p < 0.05) among those aged 19–44 years and
from 59.6% to 72.2% (p < 0.05) among those 45 years of age

and older (Figure 4); the corresponding costs increased for
both age groups (Appendix 3).

The proportion of patients undergoing cancer-related
surgery remained constant (about 94%, Figure 5A). Corre-
sponding costs for patients aged 19–44 years decreased from
1997 to 2001 (p < 0.05) and increased from 2003 to 2007 (p <
0.05) (Figure 5B). Costs for patients aged 45 years and older
were similar in terms of both value and trend. The proportion
of patients requiring other admissions to hospital also
remained relatively constant throughout the study period, as
did the associated costs (Appendix 3).

Colorectal cancer
Among patients with colorectal cancer, the proportion of
those using home care increased from 51.8% to 63.1% during
the study period (p < 0.05) (Figure 4). The corresponding
costs followed a similar pattern, increasing from $2190 to
$3679 (p < 0.05) (Appendix 3). Although few patients received
radiotherapy, its use and cost increased slightly over the
course of the study (Figure 3 and Appendix 3).

About 90% of patients had surgery during the study
period, and the associated costs increased significantly (Figure

Table 2: Patient characteristics, by age group 

Characteristic 

Patients, no. (%)* 

Age < 45 yr 
n = 20 821 

Age ≥ 45 yr 
n = 178 797 

    recnac fo epyT

Breast (women only) 9 147 (43.9) 55 670 (31.1) 

Thyroid 5 394 (25.9) – 

Melanoma 3 816 (18.3) – 

 – )8.11( 464 2 sitseT

 )0.8( 273 41 – gnuL

 )4.42( 126 34 – latceroloC

 )4.63( 431 56 – etatsorP

Age at diagnosis, yr   

 2.66 5.63 naeM

 0.66 0.83 naideM

Standard deviation 6.2 10.5 

   xeS

   Female 15 882 (76.3) 82 266 (46.0) 

 )0.45( 135 69 )7.32( 939 4 elaM   

Neighbourhood income quintile   

Data missing 10 (0.5) 712 (0.4) 

1 (lowest) 3 520 (16.9) 31 330 (17.5) 

 )1.02( 217 53 )8.81( 719 3  2

 )7.91( 803 53 )3.02( 422 4  3

 )1.02( 600 63 )3.12( 824 4  4

5 (highest) 4 627 (22.2) 39 729 (22.2) 

Rural residence 2 202 (10.6) 27 274 (15.3) 

*Unless stated otherwise. 
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5). The proportion of patients who required other admissions
to hospital remained constant (about 78% before 2002 and
85% after 2002). The corresponding costs for these admis-
sions increased with time (Appendix 3).

The proportion of patients receiving chemotherapy
showed only a modest increase, whereas the corresponding
costs almost doubled (Figure 2).

Lung cancer
The proportion of patients receiving chemotherapy for lung
cancer doubled during the study period, from 18.1% to
37.5% (p < 0.05) (Figure 2), and the corresponding costs more
than tripled, from $685 to $2576 (p < 0.05) (Appendix 3). The
proportion of patients receiving radiotherapy increased from
23.7% to 32.2%), with corresponding mean costs more than

doubling, from $676 to $1498 (Figure 3 and Appendix 3). The
proportion of patients using home care increased from 42.4%
to 52.3% (p < 0.05) (Figure 4), with corresponding mean costs
increasing from $1784 to $2236 (p < 0.05) (Appendix 3).

The proportion of patients who underwent surgery
decreased from 79.1% in 1997 to 74.7% in 2001, and
increased from 67.7% in 2003 to 72.8% in 2007 (p < 0.05)
(Figure 5A). Associated mean costs were relatively constant
from 1997 to 2001 (about $9000), but increased from $8697 in
2003 to $10 737 in 2007 (p < 0.05) (Figure 5B). The propor-
tion of patients requiring other admissions to hospital
decreased from 60.0% in 1997 to 56.8% in 2001 and remained
relatively constant (at about 58%) from 2003 to 2007; the cor-
responding mean costs were constant before 2002 but
increased from $3489 in 2003 to $4472 in 2007 (Appendix 3).
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Figure 1: Trends in mean cost during the first year after diagnosis for (A) patients less than 45 years of age and
(B) patients 45 years of age and older. Error bars indicate 95% confidence intervals. *Values in 2009 Canadian dollars.
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Figure 2: Trends in the percentage of patients receiving chemotherapy during the first year of treatment.
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Figure 3: Trends in the percentage of patients receiving radiotherapy during the first year of treatment.
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Figure 4: Trends in the percentage of patients receiving home care during the first year of treatment.
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Interpretation

We found significant increases in mean total costs for breast,
prostate, lung and colorectal cancers in Ontario from 1997 to
2007 among patients who lived for at least 1 year after receiv-
ing their diagnosis. The mean costs associated with breast
cancer more than doubled for patients aged 19–44 years and
doubled for patients aged 45 years and older. Among patients
in the older age group, the mean costs associated with col-
orectal cancer doubled, and the costs associated for prostate
and lung cancer increased by about 50%.

Increases in the costs associated with treatment were par-
tially due to increased use of chemotherapy and radiotherapy.
These results are concordant with those from studies in the
United States.7,17 Higher use of home care and rising costs for

cancer-related surgeries also contributed to this upward trend.
Patterns of care and practice tend to be similar among Cana-
dian provinces and other developed countries;17 thus, our
results are likely extendable Canada-wide and mirror patterns
of care elsewhere. Although these increases are not specific to
cancer care,18 cancer is one of the diseases with the greatest
economic burdens in Canada.19

Chemotherapy use increased over time, particularly among
younger patients with breast cancer and older patients with
lung cancer. This increase could reflect a rise in patients
receiving adjuvant chemotherapy, which has been clinically
proven to improve patient survival.20–22 The use of treatments
with personalized medicine and biologic agents, which are
often more expensive than traditional chemotherapy agents,
has also increased,23 which may help further explain this trend.
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Figure 5: Trends in (A) the percentage of patients undergoing cancer-related surgeries and (B) the mean cost of
surgery during the first year of treatment. *Values in 2009 Canadian dollars.



CMAJ OPEN, 1(4) E157

Research

CMAJ  OPEN

The increase in the use and cost of radiotherapy, particu-
larly for breast cancer, is probably due to increased availability,
changes in patterns of care and more sophisticated methods,
such as conformal and intensity-modulated radiotherapy. For
example, oncologists may use adjuvant radiotherapy in
patients who undergo lumpectomy, a procedure that became
more common during the study period.24

Admissions to hospital for cancer-related surgeries and
other reasons accounted for most of the costs associated with
the initial phase of care. For most cancers, the proportion of
patients undergoing surgery remained relatively constant over
time, although the trend for women with breast cancer may
have been slightly different had we included same-day proce-
dures, such as lumpectomies. Surgery-related costs generally
increased, particularly for breast, colorectal and lung cancers,
suggesting an increase in price, likely because of the use of
more advanced and expensive surgical techniques, such as
laparoscopic and robotic surgeries.

The increase we saw in the use of home care, especially
among older patients, is not exclusive to cancer.25 Postacute
home care is typically used for patients with cancer in the first
30 days after they are discharged from hospital.13 The
increased use of home care is a trend that the Ontario govern-
ment seems to be adopting,26 with calls to expand coverage
across Canada.27

Little research has been done on trends in cancer care and
their associated costs. Warren and colleagues7 reported signifi-
cant increases in the costs of initial care for patients aged 65
years and older for breast, lung and colorectal cancers from
1991 to 2002 in the United States, with lung and colorectal
cancers having the highest overall costs. The authors also found
that admissions to hospital accounted for the largest portion of
the overall cost, and radiotherapy use generally increased. Our
findings are similar, but our cost estimates for each treatment
category are lower, possibly owing to differences in analysis
periods (their initial phase of care included 2 months before
and 12 months after diagnosis), unit costs, patient age and, in
some cases, patterns of care. When we restricted our sample to
patients 65 years of age and older, our results were qualitatively
the same, with slightly higher estimates of use and costs than we
determined in our overall results.

Strengths and limitations
Our study included patients less than 65 years of age, an age
group that is not often included in the literature. In addition,
our study compared many different cancer sites, thus provid-
ing direct comparability of their relative costs. Finally, we
used administrative data, detailed costing methods and a large
population-based sample of all adults in Ontario. Our study is
one of the few to use such data to examine trends in cancer-
related expenditures.

We identified several limitations to our study. We exam-
ined only the most prevalent cancer sites for the two age
groups and select cancer-related resources. A change in proce-
dural-related coding systems limited our data such that we
could not examine admissions to hospital that occurred in
2002. Our chemotherapy estimates were based on OHIP

physician claims and may underestimate actual use, and our
cost of radiotherapy is based on a dated estimate. In addition,
the Ontario Drug Benefit program only covers patients 65
years of age and older or patients with special circumstances;
thus, our cost estimate of prescription drugs is likely an under-
estimate. Finally, we did not look beyond the first year post -
diagnosis and may have included costs of the predeath period
for some patients, which may have biased our cost estimates
upwards. This is likely to be of concern for cancers with short
survival (i.e., colorectal and lung cancers).

Conclusion
We found significant increases in the costs of initial treatment
for most of the types of cancer we examined for patients in
both age groups during our study period. The greatest
changes in costs occurred for breast, colorectal and lung can-
cers, primarily because more patients received adjuvant ther-
apy and home care and because of the rising costs for these
services and for cancer-related surgeries. It is important to
determine the drivers behind this increase as costs continue to
rise. Chemotherapy will likely place a strain on Ontario’s
health care budget; however, costs could be reduced in some
ways. For example, personalized medicine and the use of gene
expression profiling among women with breast cancer have
the potential to be cost-saving.28,29

Understanding trends in use and costs is particularly
important for planning and resource allocation. Our robust
estimates of trends in cancer-related expenditures can help
policy- and decision-makers, and serve as important inputs for
researchers interested in modelling cost implications of
emerging technologies and practices in Canada and similar
countries.
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