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Health system costs for cancer medications and radiation
treatment in Ontario for the 4 most common cancers:
a retrospective cohort study
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Background: Previous costing and resource estimates for cancer have not been complete owing to lack of comprehensive data on cancer-
related medication and radiation treatment. Our objective was to calculate the mean overall costs per patient of cancer-related medications
and radiation, as well as by disease subtype and stage, in the first year after diagnosis for the 4 most prevalent cancers in Ontario.

Methods: We conducted a retrospective cohort study using provincial health administrative databases to identify population health system
resources and costs for all patients diagnosed with breast, colorectal, lung or prostate cancer between Jan. 1, 2010, and Dec. 31, 2015 in
Ontario. The primary outcome measure was the overall average cost per patient in the 365 days after diagnosis for cancer-related medica-
tions and radiation treatment, calculated with the use of 2 novel costing algorithms. We determined the cost by disease, disease subtype and
stage as secondary outcomes.

Results: There were 168 316 Ontarians diagnosed with cancer during the study period, 50 141 with breast cancer, 38 108 with colorectal
cancer, 34 809 with lung cancer and 45 258 with prostate cancer. The mean per-patient cost for cancer-related medications was $8167 (95%
confidence interval [CI] $8023-$8311), $6568 (95% Cl $6446-3$6691), $2900 (95% Cl $2816-$2984) and $1211 (95% CI $1175-$1247) for
breast, colorectal, lung and prostate cancer, respectively. The corresponding mean radiation treatment costs were $18 529 (95% CI $18 415—
$18 643), $15 177 (95% Cl $14 899-$15 456), $10 818 (95% Cl $10 669-$10 966) and $16 887 (95% Cl $16 648-$17 125). In general,
stage Il and IV cancers were the most expensive stages for both medications and radiation across all 4 disease sites.

Interpretation: Our work updates previous costing estimates to help understand costs and resources critical to health care system planning
in a single-payer system. More refined costing estimates are useful as inputs to allow for more robust health economic modelling and health
care system planning.

n an age of shrinking health care dollars and expensive

treatments, there is a need to understand the resources

and costs associated with treatments. Decision-makers
need this type of data when conducting health technology
assessments, budget impact analyses and economic analyses.

Cancer is burdensome clinically to patients. It is becoming
increasingly burdensome economically and is associated with
substantial financial toxicity (problems a patient has related to
the cost of treatment).! When planning system health services,
it is important to understand both the resources and costs asso-
ciated with cancer treatment. In most cases, it is not possible to
capture direct costs with a population-level approach.

In this study, we used previously constructed costing algo-
rithms to examine cancer-related medication and radiation
resources and costing across the 4 most common cancers —
breast, colorectal, lung and prostate — in Ontario. The over-
arching objective was to examine the costs for cancer-related
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medications and radiation treatment in the first year after
diagnosis. Secondary objectives were to compare the costs for
cancer-related medications and radiation treatment between
patients with different stages of cancer at the time of diagno-
sis, within the same type of cancer and by cancer subtype, and
between patients diagnosed with different types of cancer,
across different stages and by cancer subtype.
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Study setting and design

The study was set in Ontario. We used a retrospective cohort
study design to identify population-level health system
resources and costs for patients diagnosed with incident
temale breast (International Classification of Diseases for Oncology,
Third Revision [ICD-0O-3] codes C500-C509), lung (ICD-O-3
C340-C343, C348-C349), colorectal ICD-0-3 C18.X
[excluding C181 (appendix)], C199, C209) or prostate ICD-
0O-3 C61) cancer from Jan. 1, 2010, to Dec. 31, 2015.

Data sources

Clinical and health administrative databases including the
Activity Level Reporting database, New Drug Funding Pro-
gram, Ontario Drug Benefit, National Ambulatory Care
Reporting System, Ontario Health Insurance Plan and Man-
agement Information System were linked by means of unique
encoded identifiers and analyzed at ICES. ICES is an inde-
pendent, nonprofit research institute whose legal status (Pre-
scribed Entity) under the Ontario Personal Health Information
and Protection of Privacy Act allows it to collect and analyze
health care and demographic data, without consent, for health
system evaluation and improvement. These administrative
databases allow researchers to identify and quantify health sys-
tem resources, after which they can be valued with unit costs.

ICES encodes a personal identifier, which allows linkage of
data from different care providers and across sectors in health
administrative databases. People without valid health insur-
ance or ineligible for health insurance were excluded from the
analysis.

We used the index cancer if a patient was diagnosed with
more than 1 of the 4 cancer types during the accrual period.
Demographic variables included those available from the
administrative databases, including age, gender, location of
residence (urban [population > 10 000] v. rural [population
< 10 000%), comorbidity, income (defined by neighbourhood
income quintile?) and exposure to health system resources.
The end of follow-up was defined as the earliest of the date of
death, 1 year after diagnosis of the index cancer or 1 day
before diagnosis of a second primary cancer. Costs were
adjusted for 365 days and were not prorated if follow-up dura-
tion was less than 365 days.

Costing algorithm
Wodchis and colleagues® developed a costing algorithm based
on the Ontario health administrative databases that allows the
calculation of person-level health care costs (referred hereinaf-
ter as the person-level case-costing methodology). In this algo-
rithm, the cost of services that are episodic in nature is esti-
mated by means of a cost-per-weighted-case methodology,
whereas the cost of services that are reported by visits or claims
can be obtained more directly. Several investigators have used
the person-level case-costing methodology to estimate the
costs of different diseases across the continuum of care.**

To enhance the person-level case-costing methodology
with comprehensive costing for cancer treatments, we
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recently created 2 additional oncology-specific costing algo-
rithms using Ontario health administrative databases, 1 for
cancer-related medications (costing algorithm for cancer
medication) and 1 for radiation treatment (costing algorithm
cancer for radiation).” The algorithms enable more specific,
comprehensive cancer costing evaluations in which costs are
aggregated across physicians and other allied health care pro-
fessionals as well as institutions by modality of treatment. The
algorithms and their validation are described elsewhere.’

Outcomes

We applied the costing algorithm for cancer medication and
the costing algorithm for cancer radiation to the 4 cancer
cohorts to identify direct health system (total and disaggre-
gated) undiscounted costs based on a single-payer govern-
ment perspective (Ontario). We used a micro-economic
(bottom-up) approach to determine the cost of treatment at
the level of the individual patient encounter. When health
sector costs at the individual patient level were not available
(e.g., system or institutional costs), we used a macro-economic
(top-down) approach to allocate aggregated costs to each
patient encounter.

We calculated direct treatment costs from the perspective
of the Ontario public health care payer; costs incurred by the
individual patient or private insurers were not addressed. The
costing algorithm for cancer medication estimated the per-
person costs for patients who received cancer-related medica-
tions, both treatment and supportive. The costing algorithm
for cancer radiation estimated the per-person costs for
patients undergoing radiation therapy. Costs were disaggre-
gated into planning, treatment and operational (e.g., physicist
time, unit funding) costs. We determined standard costs
(mean and standard deviation [SD]) for all patients in the
cohort who used the resource (when evaluable clinically).
Real-time costs were used, and, thus, discounting was not
used in the analysis.

Statistical analysis

The primary analysis calculated the mean overall cost per
patient for cancer-related medication and for radiation, for
each disease (breast, colorectal, lung and prostate cancer) and
disease stage (I-IV). A secondary analysis examined cost by dis-
ease subtype. For breast cancer, subtypes included hormone
receptor (estrogen or progesterone or both) positive + HER2
overexpressed; hormone receptor positive + HER2 negative;
hormone receptor negative + HER2 overexpressed; and hor-
mone receptor negative + HER2 negative. For lung cancer, we
organized costs into non-small cell and small cell. Colorectal
cancer was organized into colon and rectal. We calculated the
cost by stage for prostate cancer. We also calculated costs for
patients who survived for 2 or more years to avoid any overlap
or inclusion of end-of-life or palliative care costs.

Ethics approval

The use of data in this project was authorized under section
45 of Ontario’s Personal Health Information Protection Act,
which does not require review by a research ethics board.



There were 168 316 Ontarians diagnosed with breast,
colorectal, lung or prostate cancer between Jan. 1, 2010, and
Dec. 31, 2015 (Table 1). The mean age of all patients at diag-
nosis was 66.1 (SD 12.4) years; it was highest for those with
lung cancer (68.8 [SD 10.4] yr) and lowest for those with
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breast cancer (61.3 yr [SD 13.7 yr]). The gender distribution
was similar for colorectal and lung cancer. The overall mean
follow-up duration was 10.4 (SD 3.5) months.

Breast cancer
A total of 50 141 women were diagnosed with breast cancer,
most at an early stage (stages I-II). Of the 50 141, 46 574

Ontario, by primary cancer site

Table 1: Characteristics of patients with breast (female), colorectal, lung or prostate cancer diagnosed between 2010 and 2015 in

No. (%) of patients*

Breast cancer Colorectal cancer Lung cancer Prostate cancer Total

Characteristic n =50 141 n=38108 n =34 809 n =45 258 n =168 316
Female 50 141 (100.0) 17 327 (45.5) 17 001 (48.8) 0(0.0) 84 469 (50.2)
Age at cancer diagnosis, yr

Mean + SD 61.3 + 13.7 68.4 + 13.3 68.8 + 10.4 675+ 9.5 66.1 +12.4

Median (IQR) 61 (51-71) 69 (59-79) 69 (62—76) 67 (61-74) 66 (58—75)
Rural residencet 6176 (12.3) 5642 (14.8) 5523 (15.9) 6513 (14.4) 23 854 (14.2)
Neighbourhood income quintile?

Lowest 8497 (16.9) 7217 (18.9) 8232 (23.6) 6934 (15.3) 30 880 (18.3)

Second lowest 9608 (19.2) 7754 (20.3) 7538 (21.7) 8442 (18.7) 33 342 (19.8)

Middle 9918 (19.8) 7705 (20.2) 6772 (19.5) 8910 (19.7) 33 305 (19.8)

Second highest 10 873 (21.7) 7804 (20.5) 6479 (18.6) 9804 (21.7) 34 960 (20.8)

Highest 11 048 (22.0) 7461 (19.6) 5635 (16.2) 10 986 (24.3) 35 130 (20.9)

Missing 197 (0.4) 167 (0.4) 153 (0.4) 182 (0.4) 699 (0.4)
Cancer stage at diagnosis

| 20 759 (41.4) 8269 (21.7) 6104 (17.5) 10 154 (22.4) 45 286 (26.9)

Il 18 607 (37.1) 9124 (23.9) 2855 (8.2) 22 103 (48.8) 52 689 (31.3)

] 6786 (13.5) 10 755 (28.2) 6989 (20.1) 5664 (12.5) 30 194 (17.9)

\Y 2433 (4.9) 6848 (18.0) 17 714 (50.9) 4058 (9.0) 31 053 (18.4)

Unknown 1556 (3.1) 3112 (8.2) 1147 (3.3) 3279 (7.2) 9094 (5.4)
Charlson Comorbidity Index
scoret

0 13 232 (26.4) 20 017 (52.5) 13 051 (37.5) 17 244 (38.1) 63 544 (37.8)

1 1896 (3.8) 4017 (10.5) 3543 (10.2) 2529 (5.6) 11 985 (7.1)

>2 1215 (2.4) 2723 (7.1) 3123 (9.0) 1832 (4.0) 8893 (5.3)

Not admitted to hospital
Months of follow-up§

Mean + SD
Median (IQR)

Died during follow-up§
Died within 2 yr after diagnosis
Had an entire year of follow-up§
Reason for end of follow-up§
Died during follow-up
Had second cancer
End of 1-yr follow-up

33 798 (674)

14+23
12 (12-12)
1782 (3.6)
3557 (7.1)

46 574 (92.9)

1782 (3.6)
1787 (3.6)
46 572 (92.9)

11 351 (29.8)

10.1 £ 3.9

12 (12-12)

6369 (16.7)
9971 (26.2)
29 434 (772)

6369 (16.7)
2314 (6.1)
29 425 (772)

15 092 (43.4)

77+ 46
9 (3-12)
17 745 (51.0)
23 506 (67.5)
15 482 (44.5)

17 745 (51.0)
1598 (4.6)
15 466 (44.4)

23 653 (52.3)

1.6+ 18
12 (12-12)
1535 (3.4)
3256 (7.2)

42 865 (94.7)

1535 (3.4)
865 (1.9)
42 858 (94.7)

83 894 (49.8)

10.4 + 3.5
12 (12-12)
27 431 (16.3)
40 290 (23.9)
134 355 (79.8)

27 431 (16.3)
6564 (3.9)
134 321 (79.8)

Note: Cl = confidence interval, IQR = interquartile range, SD = standard deviation.

*Except where noted otherwise.
tUrban = population 10 000 or more, rural = population less than 10 000.?

FCalculated with the use of hospital admission data in the 2 years before cancer diagnosis.
§End of follow-up was defined as the earliest of date of death, 1 year after cancer diagnosis or 1 day before the diagnosis of a second cancer.

CMAJ OPEN, 8(1)

E193



OPEN

(92.9%) had an entire year of follow-up, and 33 798 (67.4%)
were not admitted to hospital (Table 1). The majority of
women used cancer-related medications (38 484 [76.8%];
mean cost $8167, 95% CI $8023-$8311) and radiation ser-
vices (40 659 [81.1%]; mean cost $18 529, 95% CI $18 415—
$18 643) within 1 year after diagnosis (Table 2, Table 3).
Overall cancer-related drug costs and radiation costs
increased by stage (Figure 1A, Figure 2A). Compared to
women who were HER2—, women who were HER2+ had
6- to 10-fold higher overall cancer-related drug costs
(Appendix 1, Supplemental Table S1, available at www.
cmajopen.ca/content/8/1/E191/suppl/DC1). Radiation costs
were highest for stage III breast cancer.

Colorectal cancer
A total of 38 108 patients had a diagnosis of colorectal cancer;
there were slightly more men than women (20 781 [54.5%] v.
17 327 [45.5%]). Of those staged, just under half (17 603
[46.2%]) were diagnosed at stage ITII-IV (Table 1). A total of
6369 patients (16.7%) died in the year following their diagnosis.
The stage IV group had the highest mean overall costs for
cancer-related medications ($11 442, 95% CI $11 075—
$11 809), and the stage III group had the highest mean overall
costs for radiation treatment ($18 853, 95% CI $18 439—
$19 266) (Tables 2 and 3). The cost of cancer-related treat-
ment medications was highest among patients with stage IV

disease (Figure 1B). Overall costs for medications were similar
for colon and rectal disease, but radiation costs, especially for
treatment, were higher in the rectal disease group (Appendix 1,
Supplemental Tables S1 and S2).

Lung cancer

There were 34 809 lung cancer cases, half of which (17 714
[50.9%]) were diagnosed at stage IV. There was an equal split
in cancer frequency between the genders. Just over half of
patients (17 745 [51.0%]) died within 1 year of diagnosis, and
more than two-thirds (23 506 [67.5%]) died within 2 years of
diagnosis (Table 1). A total of 27 673 patients (79.5%) used
cancer-related medications, and 23 158 (66.5%) received radi-
ation treatment.

The mean overall cost for cancer-related drugs was $2900
(95% CI $2816-$2984) and increased by stage of disease. The
mean overall cost for radiation treatment was $10 818 (95%
CI $10 669-$10 966), with highest costs for stages II and III
disease (Tables 2 and 3). Treatment drugs were more costly
than supportive drugs (Figure 1C), and radiation treatment
was more costly than planning and operational costs
(Figure 2C). When organized into non-small cell and small
cell lung cancer cases, costs of cancer-related medication were
highest in stage IV for non—small cell cancer and in stage 11
for small cell cancer (Appendix 1, Supplemental Table S1).
For radiation, stage IV cancers had the highest costs.

Table 2: Use of cancer-related medication and mean medication costs in the year after diagnosis, by cancer stage at the time of

(8023-8311)

(5207-5611)

(8314-8724)

(11 657—12 434)

(11 328-13 592)

diagnosis

Cancer type/measure Overall Stage | Stage Il Stage Il Stage IV Stage unknown
Breast

No. of patients 50 141 20 759 18 607 6786 2433 1556

No. (%) used medication 38 484 (76.8) 13 111 (63.2) 16 061 (86.3) 6451 (95.1) 2009 (82.6) 852 (54.8)
Cost, $, mean (95% CI)* 8167 5409 8519 12 046 12 460 4454

(3656-5252)

Colorectal

No. of patients 38 108 8269 9124 10 755 6848 3112

No. (%) used medication 27 749 (72.8) 4675 (56.5) 6421 (70.4) 9482 (88.2) 5634 (82.3) 1537 (49.4)

Cost, $, mean (95% CI)* 6568 785 2778 9637 11 442 3196
(6446-6691) (683-887) (2624-2933) (9431-9843) (11 075—11 809) (2782-3610)

Lung

No. of patients 34 809 6104 2855 6989 17 714 1147

No. (%) used medication 27 673 (79.5) 4470 (73.2) 2469 (86.5) 6050 (86.6) 13910 (78.5) 774 (67.5)

Cost, $, mean (95% CI)* 2900 612 1415 2291 4207 2129
(2816—2984) (546-679) (1278-1552) (2155-2428) (4060-4354) (1673-2585)

Prostate

No. of patients 45 258 10 154 22 103 5664 4058 3279

No. (%) used medication 22 599 (49.9) 3231 (31.8) 11 763 (53.2) 2798 (49.4) 3276 (80.7) 1531 (46.7)

Cost, $, mean (95% CI)* 1211 268 966 825 3236 1461
(1175-1247) (239-296) (932—-1000) (763-888) (3060-3413) (1303-1620)

Note: Cl = confidence interval.

*Among those who had a nonzero medication cost.
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Table 3: Use of radiation treatment and mean radiation treatment costs in the year after diagnosis, by cancer stage at the time of

(18 415-18 643)

(14 899-15 456)

(10 66910 966)

(16 648—17 125)

(16 293-16 591)

Colorectal

No. of patients 38 108 8269
No. (%) used radiation 8979 (23.6) 1052 (12.7)
Cost, $, mean (95% CI)* 15177 10613

(980911 416)

Lung

No. of patients 34 809 6104
No. (%) used radiation 23 158 (66.5) 2330 (38.2)
Cost, $, mean (95% CI)* 10 818 7982

(7610-8353)

Prostate

No. of patients 45 258 10 154
No. (%) used radiation 23207 (51.3) 3228 (31.8)
Cost, $, mean (95% CI)* 16 887 6467

(6006—6928)

(19 781-20 165)

9124 10 755 6848 3112
1979 (21.7) 3803 (35.4) 1877 (274) 268 (8.6)
17 400 18 853 8444 11 689

(16 807-17 992)

2855 6989 17 714 1147
1527 (53.5) 5864 (83.9) 13 005 (73.4) 432 (377)
13 002 17 790 8019 8009

(12 321-13 682)

22103 5664 4058 3279
13 433 (60.8) 3701 (65.3) 2478 (61.1) 367 (11.2)
20 543 17 765 10 264 10 564

(20 219-20 867)

(23 512-24 131)

(18 439-19 266)

(17 416-18 165)

(17 16818 362)

diagnosis

Cancer type/measure Overall Stage | Stage Il Stage IlI Stage IV Stage unknown
Breast

No. of patients 50 141 20759 18 607 6786 2433 1556

No. (%) used radiation 40 659 (81.1) 17 206 (82.9) 15 306 (82.3) 6054 (89.2) 1487 (61.1) 606 (38.9)
Cost, $, mean (95% CI)* 18 529 16 442 19 973 23 821 8476 13 141

(7894-9057)

(7957-8932)

(7877-8160)

(9717-10 812)

(12 220-14 063)

(10 077-13 301)

(7093-8925)

(8985-12 142)

Note: Cl = confidence interval.
*Among those who had a nonzero radiation cost.

Prostate cancer

There were 45 258 men diagnosed with prostate cancer. Just
over half (23 653 (52.3%]) were not admitted to hospital and
thus did not have a Charlson Comorbidity Index score. Less
than 4% (1535 [3.4%]) died during the 1-year follow-up
period (Table 1). About half of the patients received cancer-
related medications (22 599 (49.9%]) and radiation treatment
(23 207 (51.3%]). Radiation use was highest among those with
stage II or III disease (Table 3).

The relatively low cost of prostate cancer treatments was
reflected in the mean cancer-related medication cost ($1211,
95% CI $1175-$1247), in contrast to that of radiation
($16 887, 95% CI $16 648-$17 125). The overall mean cost
of medication increased as the stage of cancer increased, with
the highest cost at stage IV (83236, 95% CI 3060-3413).
Costs of treatment drugs were highest for stage IV prostate
cancer. Radiation costs were similar between stage II and III
disease (Figure 1D, Figure 2D).

Using 2 novel costing algorithms leveraging population-level
administrative databases, we found that, in general, stage III
and IV cancers were the most expensive stages for both medi-
cations and radiation across all 4 disease sites in Ontario. Cer-
tain subtypes within each cancer type showed greater costs in
the first year after diagnosis.

The costing algorithms used in the current study provide
more detail by disease subtype than other methodologies.
Previous published costing studies™® using the person-level
case-costing methodology algorithm underestimated the criti-
cal costs related to cancer treatment around medications and
radiation, as one cannot easily identify cancer-specific drugs
and supportive drugs, or treatment and planning radiation
costs. A recent systematic review of studies examining radia-
tion costs showed that there is a wide range of costs,'® with
some based on US estimates''~'* or older data."’

Our costing algorithms have face validity when compared
with methods and studies conducted by other Canadian and
international investigators.'*?! We expect costs from other
administrative databases studies not using our costing algo-
rithms to have lower overall costs, and we expect differences
in costs when compared to international studies. For example,
our overall mean 1-year medication cost for prostate cancer
($1211) was higher than that reported by Krahn and col-
leagues'® ($514 in 2007 Canadian dollars) because our work
included additional medication databases (e.g., supportive
medications), as well as using more current data (their results
are based on analyses conducted more than a decade ago®).
Radiation costs in the study by Krahn and colleagues'® were
reported as negligible because the databases for planning,
treatment and operational costs were not included. Moreover,
Krahn and colleagues'® did not assess stage-based costing;
rather, they focused on phase of treatment.
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Figure 1: Disaggregated mean cancer-related medication costs (treatment and supportive) for breast (A), colorectal (B), lung (C) and prostate
(D) cancer by cancer stage at diagnosis among those who had a nonzero cost.

Our 1-year mean radiation costs of $16 442 for women
with stage I breast cancer and $19 973 for stage II disease are
in line with those from insurance claims for radiation in
women with stage I-II breast cancer in the United States,
US$14 910.77 Mean medication costs were lower in our study
given our cohort of women with early-stage disease: stage I
$5409, stage II $8519, compared to US$13 373 in the US
cohort. These variances likely reflect differences in resources
included in the costing analyses, as well as different health sys-
tem frameworks, but highlight opportunities for decreasing
health care system costs.

The present work sets the stage for establishing the health
care system costs for cancer-related medications and radiation
therapy, which can be used as a baseline, and costs of future
innovations and incremental analyses. Although all cohorts
were anchored at 2015, the costing algorithms created can
examine the cost by any disease site, stage or phase of care,
including updated time horizons, based on the defined
cohorts because it uses a resource-based bottom-up calcula-
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tion. The algorithms can be used for any period investigated
and be based on data availability and time horizon. In this
study, we used a 365-day time horizon because the last mem-
bers of the cohort included in the analysis had only 1 year of
follow-up data in the data sets available.

Other investigators have leveraged the 2 cancer-specific
costing algorithms.”*?* Ongoing analyses include examining
costs in melanoma, pancreatic, gastric, esophageal and lung
cancer. Although not described here, each individual resource
used by a cohort of patients can be identified and explored
with this micro-economic costing algorithm approach. Future
work will examine other phases of care in the care continuum
and will generate costs across other disease sites and subtypes.

Limitations

Strengths of this work include the comprehensiveness of the
data for the entire Ontario population of 14 million, but there
are also limitations. Our analysis provides costs for medication
and radiation based on the algorithm variables but does not
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Figure 2: Disaggregated mean radiation treatment costs (planning, treatment and operational) for breast (A), colorectal (B), lung (C) and pros-
tate (D) cancer by cancer stage at diagnosis among those who had a nonzero cost.

provide costs for other health care system encounters. More-
over, this analysis provides costs only for initial care in the
first year after a cancer diagnosis and does not consider the
cost of the life cycle (e.g., maintenance and survivorship). We
used this time horizon as it was in line with other phase-based
costing approaches.???*2¢ We did, however, establish that,
even in 1 year, there were survival differences across the
4 most common cancers, with 1-year survival for patients with
breast cancer being highest. Depending on the disease pro-
gression during the 1-year time horizon, end-of-life costs may
be calculated.

In addition, it is important to highlight that we report only
on costs to the publicly funded health care system. We did not
have access to costs incurred by the individual patient
(e.g., those aged less than 65 yr) or private insurers, and, as
such, they are not addressed in this analysis. Understanding
this type of use and cost information would be important in
cohorts in which the mean age at diagnosis is less than 65 years,
as the costs of drugs for oral use in those patients are unknown.

Conclusion

Understanding the resources and costs associated with pub-
licly funded medications and radiation therapy is important in
health care system planning and sustainability in a single-
payer system. Our work updates previous costing estimates, as
we have included comprehensive data on cancer-related medi-
cation and radiation treatment. More refined costing estimates
are useful as inputs to allow for more robust health economic
modelling and health care system planning.
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