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Demographic characteristics and cost of treatment among
oncology patients in a publicly funded system, the Ontario
Trillium Drug Program: a retrospective cohort study
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Background: The aim of this study was to characterize the demographic characteristics and investigate the cost of a publicly funded
system, the Ontario Trillium Drug Program (TDP), for an oncology patient population.

Methods: We ascertained all TDP claims between April 1997 and December 2016 from the Ontario Drug Benefit database to assess
use and cost. Each drug was classified as a cancer treatment drug, cancer supportive therapy drug or noncancer drug. We also iden-
tified a cohort of patients with cancer with least 1 TDP claim, for whom we examined demographic and claims-related characteristics.

Results: Over the study period, 50 975 293 TDP claims totalling $4.8 billion were made. Although the proportion of cancer claims
among all TDP claims remained constant between 1997 and 2016, the total annual cost of cancer treatment drugs increased
nearly 40-fold. Imatinib and lenalidomide together accounted for nearly half of the cost of all cancer treatment drugs. We identified
a cohort of 49 892 patients with cancer, of whom 18 631 (37.3%) were enrolled in the TDP before their cancer diagnosis and
31 261 (62.7%) were enrolled after their diagnosis. The former were more likely than the latter to be in lower income quintiles and
to have more chronic conditions. Significant differences were also found in the distribution of cancer diagnoses between the
2 groups.

Interpretation: In the TDP, use increased over time and differed across cancer diagnoses and drugs. These results have public
health and policy implications as antineoplastic drug costs continue to rise and place a burden on patients.

he Ontario Drug Benefit (ODB) is a Ministry of

Health and Long-Term Care program covering

about 28% of the Ontario population. It pays for
over 4400 prescription drug products, typically orally
administered medications, for which patients would nor-
mally have to pay for out of pocket.'”* Drugs administered
in hospital, such as intravenously given chemotherapy
medications, are covered by other provincial drug reim-
bursement programs (such as the New Drug Funding Pro-
gram) or the hospital’s global budget and are therefore out
of scope for the ODB. All eligible Ontario residents qual-
ify for the ODB upon their 65th birthday; however, resi-
dents less than age 65 can apply to the Trillium Drug Pro-
gram (TDP). This program funds prescription drugs that
are approved and listed on the ODB formulary, for which
patients would otherwise have to pay out of pocket, and
patients must spend more than about 4% of the net house-
hold income on prescription drugs to be eligible.!* When
enrolled in the TDP, the patient is required to pay only an
annual deductible (about 4% of the household income
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after taxes) before the TDP coverage can begin, after
which the patient is required to pay only up to $2 for each
prescription that is filled or refilled.* The number of TDP
recipients tripled between 2000 and 2016, and in 2016-
2017, over 150 500 households (median household income
$27 600) were enrolled in the program.>¢ In the same
period, the TDP expenditure was nearly $500 million, and
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the program was used by about 5% of all ODB recipients
taking a publicly funded cancer drug.’

Since 2004, the cost of cancer drugs has risen at a rate
5 times greater than the increase in cancer incidence and far
beyond the rate of inflation.®’ This rise has been primarily due
to the introduction of high-cost biologic drugs and targeted
therapies, as well as an increase in patients receiving adjuvant
therapy and home care.” The high cost of cancer treatment is
associated with considerable distress and worse outcomes,
which has led to the concept of “financial toxicity.”!! Research
has shown that financial toxicity is related to poorer health-
related quality of life and decreased improvement in the
2 years after a cancer diagnosis.!! In 2011, Canadian house-
holds spent an average of nearly $500 on out-of-pocket pre-
scription drugs; the amount was substantially higher among
older adults.!*!* Furthermore, the authors of a 2018 study esti-
mated that 731 000 Canadians had to borrow money to pay for
prescriptions in the previous year." There is also evidence that
patients may decide against taking their cancer medications or
reduce dosages because of high costs.!»!®1” Moreover, specialty
drugs are becoming increasingly common, accounting for
more than 25% of total drug costs in 2014, and with a cost per
claim 25 times greater than that of traditional drugs.'®!” Can-
cer drugs, cholesterol-lowering drugs and immunosuppressant
drugs combined accounted for about 33% of the overall
growth in drug spending in Canada between 2005 and 2010,
with trends suggesting that they will continue to drive drug
spending in the coming years.? The TDP is becoming
increasingly important for residents who rely on the support of
the publicly funded system for their drug expenditures.

There is little information on use of health care resources,
demographic characteristics and costs of a financial assistance
program such as the TDP. The objective of the current study
was to describe the use of the TDP as a whole and, more spe-
cifically, one of the cost drivers: oncology treatment. We also
wished to determine the demographic characteristics and can-
cer drug costs among people with a cancer diagnosis covered

under the TDP.

Data sources

The ODB database contains information on claims for pre-
scription drugs covered under the ODB program, including
those claimed through the TDP, for those aged 65 or more,
and those receiving social assistance. The information
includes the program through which the drug is funded (used
to identify a TDP claim), service date, Drug Information
Number and total amount paid (by ODB). We used the
Ontario Cancer Registry to identify incident cancer cases in
Ontario. We obtained patient demographic characteristics,
such as age, sex, income quintile and rural residence, from the
Registered Persons Database. We used the Johns Hopkins
Adjusted Clinical Group System Resource Utilization Bands
to describe predicted resource use: 0 = no use or invalid diag-
nosis, 1 = healthy user, 2 = low user, 3 = moderate user, 4 =
high user, and 5 = very high user.?!
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We used previously validated algorithms to identify patients
with the following chronic conditions: asthma,”” congestive
heart failure,” hypertension,** diabetes,” rheumatoid arthri-
tis,? and Crohn disease and colitis.”” These algorithms were
validated based on administrative databases, such as the Dis-
charge Abstract Database for inpatient hospital discharges
from acute, rehabilitation, chronic and day surgery institutions
in Ontario, the Same Day Surgery Database for ambulatory
surgery in day surgery institutions, the National Ambulatory
Care Reporting System for visits to hospital and community-
based ambulatory care, and the Ontario Health Insurance Plan
for physician billing and diagnosis information, including
codes for services provided, date of service and associated diag-
noses, as well as fee paid. Further information on the valida-
tions of each chronic condition can be found elsewhere.?*-*’

All data sets were linked by means of unique encoded iden-
tifiers and analyzed at ICES. Unique encoded identifiers for
each patient were linked across the health administrative data-
bases listed above to aggregate and analyze his or her health
care data for the purposes of our study.

Study design
We identified all TDP claims between Apr. 1, 1997, and
Dec. 31, 2016. Using the Drug Information Number, available
in the TDP data, we classified each drug claim as a cancer
treatment, cancer supportive therapy or other. We identified
cancer treatment drugs using the ODB therapeutic classifica-
tion of “antineoplastic agents.” Cancer supportive therapy
drugs were identified through the Drug Information Number.
Cancer treatment medications were further grouped as cyto-
toxic chemotherapy, luteinizing hormone-releasing hormone
agonist, aromatase inhibitor, antiandrogen or a specific anti-
neoplastic treatment drug (e.g., tamoxifen, imatinib,
capecitabine). All drugs were verified and cancer treatment
medications were categorized by an independent oncology
pharmacist. Further details on drug classification can be found
in Supplementary Table S1, Appendix 1 (available at www.
cmajopen.ca/content/7/3/E516/suppl/DC1). Lacking informa-
tion on indication, we categorized somatostatins as supportive
therapy (even though they can be used to treat some malignant
disorders) to remain conservative in estimating treatment costs.
We examined the year-over-year changes in distribution of the
number of TDP drug claims, the average paid per claim
(defined as the total paid by the TDP divided by the number of
TDP claims) and costs across drug groups. All costs were
inflated to 2016 with the use of the Consumer Price Index.?®
From the TDP data, we identified a retrospective cohort of
patients in whom an index (first) primary cancer was diag-
nosed between Apr. 1, 1997, and Dec. 31, 2016 using the
Ontario Cancer Registry. We excluded non-Ontario resi-
dents, patients in whom cancer was diagnosed before age
18 years (owing to the incomplete capture of pediatric patients
in the Ontario Cancer Registry) or after age 64 years (owing
to eligibility for the ODB Seniors program) and patients who
died before cancer diagnosis. To examine how baseline char-
acteristics of patients who were enrolled in the TDP before or
after a cancer diagnosis may differ, we classified each patient

CMAJ OPEN, 7(3) E517



OPEN

as having been enrolled in the TDP before or after their index
cancer diagnosis based on the timing of their first TDP claim.
All patient groups developed in this study were identified a
priori. Demographic variables including age, sex, average
neighbourhood income quintile, rural residence and comor-
bidities were examined at cancer diagnosis.

Statistical analysis

We described patients’ baseline demographics and cancer char-
acteristics using descriptive statistics (mean and standard devia-
tion, median and interquartile range for continuous variables,
and proportions for categorical variables). Patients with missing
or unknown demographic information were reported as such,
and values were not imputed. We assessed differences between
groups using ¥’ tests and # tests. We performed statistical analy-
ses using SAS Enterprise Guide version 6.1 (SAS Institute).

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.

In the 20-year study period, 50 975 293 claims by all patients to
the TDP were identified, with a total value of $4 796 757 334.

Figure 1 illustrates the trend over time for the total number of
TDP claims and the average paid per claim from 1997 to 2016.
In the first year that TDP data became available (1997), there
were 312 276 claims to the TDP, of which 1719 (0.6%) were for
cancer treatment drugs. Although the proportion of cancer-
related claims relative to all TDP claims remained constant, the
total annual cost of cancer treatment drugs increased, from
$1 062 641 (4.3% of total TDP cost) in 1997 to $40.1 million
(7.9% of total TDP cost) in 2016, a nearly 40-fold increase
(Figure 2), and the average amount paid per claim increased
from $618 to $2106 over the same period. Different treatment
drugs dominated total annual TDP costs throughout the study
period: interferon accounted for the highest proportion of the
annual total (upward of 60%) from 1997 to 2002, after which
dominance shifted to imatinib, and, finally, dasatinib and
lenalidomide accounted for about 40% of the annual total from
2014 to 2016. More details on year-over-year costs for selected
high-cost cancer treatment drugs can be found in Supplemen-
tary Figure S1, Appendix 1.

We retrospectively identified 81 020 patients with cancer
among the TDP claimants over the study period, of whom
31128 (38.4%) were excluded: living outside Ontario (3567),
age less than 18 years at diagnosis (603), age 65 years or more
at diagnosis (21 076) and death date before diagnosis date or
cancer diagnosis before Apr. 1, 1997 (5882). Of the remaining
49 892 patients, 31 261 (62.7%) had their first TDP claim
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Figure 1: Total number of Trillium Drug Program (TDP) claims and average paid per claim, by drug group, Apr. 1, 1997, to Dec. 31, 2016,
adjusted for inflation to 2016. The number of claims for cancer treatment drugs was sufficiently low so as to not display graphically.
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Figure 2: Total amount paid for Trillium Drug Program cancer treatment and supportive therapy drugs, adjusted for inflation to 2016. Note:

LHRH = luteinizing hormone-releasing hormone.

after their cancer diagnosis, and 18 631 (37.3%) had their first
TDP claim before their cancer diagnosis. Compared to those
who had their first TDP claim after their cancer diagnosis,
those who had their first TDP claim before their cancer diag-
nosis were significantly older (median age 59 yr v. 54 yr), and
a higher proportion were male (44.2% v. 40.6%), had lower
income (50.4% v. 43.2% in the 2 lowest quintiles) and lived in
rural areas (18.7% v. 14.0%) (Table 1). They also had signifi-
cantly higher resource use (as determined by their Adjusted
Clinical Group Resource Utilization Bands) and more chronic
conditions at cancer diagnosis. In the 12 months before can-
cer diagnosis, patients’ TDP claims were fairly stable, no mat-
ter the eventual cancer diagnosis, averaging $300-$400 per
month (data not shown). However, there was a significant
increase in the average TDP monthly claims in the first
month after cancer diagnosis compared to the month before
diagnosis for patients with brain cancer (> 500%), leukemia
(> 70%), prostate cancer (> 30%) and myeloma (nearly 30%)
(data not shown).

The distribution of cancer diagnoses also varied signifi-
cantly between the 2 patient groups. Of those who were
enrolled in the TDP before receiving their cancer diagnosis,
2874 (15.4%) had breast cancer and 2490 (13.4%), lung can-
cer (Figure 3). Among those who were enrolled in the TDP
after their cancer diagnosis, a much larger proportion (8565

[27.4%]) had breast cancer, and 2896 (9.3%) had prostate
cancer, 2160 (6.9%) had colorectal cancer, 1958 (6.3%) had
lymphoma and 1810 (5.8%) had lung cancer.

This retrospective cohort study showed that the majority of
all TDP claims between 1997 and 2016 were for drugs unre-
lated to cancer treatment or supportive therapy; however, the
total annual cost of TDP claims increased significantly over
the study period, far outpacing the increase in the number of
claims. The average amount paid per claim was highest for
cancer treatment drugs. Among cancer treatment drugs, the
introduction of immunotherapies greatly contributed to the
rising TDP cost to fund cancer treatment over the observa-
tion period. Those who were enrolled in the TDP before
their cancer diagnosis had more comorbidities than those who
were enrolled in the program after their cancer diagnosis, and
breast cancer accounted for the highest proportion of cancer
cases among those who were enrolled in the TDP after their
cancer diagnosis.

We found that both the total and average amount paid per
claim for cancer treatment drugs increased significantly
between 1997 and 2016 compared to noncancer and support-
ive drugs. These results are consistent with the literature,
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Table 1: Baseline characteristics of patients who enrolled in the Trillium Drug Program before and after their
cancer diagnosis
No. (%) of patients*
TDP claims
TDP claims began after
began before cancer
cancer diagnosis diagnosis Overall Standardized

Characteristic n=18631 n=31261 n =49 892 difference
Age at diagnosis date, yr, mean + SD 56.23 + 8.14 51.33 +9.73 53.16 + 9.47 0.55
Age at diagnosis date, yr, median (IQR) 59 (53-62) 54 (46-59) 56 (49-60) 0.63
Age group at cancer diagnosis, yr

18-24 134 (0.7) 636 (2.0) 770 (1.5) 0.1

25-44 1572 (8.4) 5858 (18.7) 7430 (14.9) 0.30

45-64 16 925 (90.8) 24 767 (79.2) 41 692 (83.6) 0.33
Sex

Female 10 387 (55.8) 18 559 (59.4) 28 946 (58.0) 0.07

Male 8244 (44.2) 12 702 (40.6) 20 946 (42.0) 0.07
Income quintile

1 (lowest) 5009 (26.9) 6713 (21.5) 11 722 (23.5) 0.13

2 4385 (23.5) 6798 (21.7) 11 183 (22.4) 0.04

3 3656 (19.6) 6253 (20.0) 9909 (19.9) 0.01

4 3144 (16.9) 6030 (19.3) 9174 (18.4) 0.06

5 (highest) 2379 (12.8) 5381 (17.2) 7760 (15.6) 0.12

Unknown/missing 58 (0.3) 86 (0.3) 144 (0.3) 0.01
Residence

Urban 15138 (81.2) 26 853 (85.9) 41991 (84.2) 0.13

Rural 3490 (18.7) 4393 (14.0) 7883 (15.8) 0.13

Unknown/missing <5 <20 <20 0.02
Chronic conditions

Asthma 3269 (17.5) 3349 (10.7) 6618 (13.3) 0.20

Congestive heart failure 1383 (7.4) 476 (1.5) 1859 (3.7) 0.29

Chronic obstructive pulmonary 4336 (23.3) 3215 (10.3) 7551 (15.1) 0.35

disease

Hypertension 10 583 (56.8) 9925 (31.7) 20 508 (41.1) 0.52

Diabetes 6356 (34.1) 4512 (14.4) 10 868 (21.8) 0.47

Rheumatoid arthritis 641 (3.4) 397 (1.3) 1038 (2.1) 0.14

Crohn disease and colitis 441 (2.4) 288 (0.9) 729 (1.5) 0.11
Note: IQR = interquartile range, SD = standard deviation, TDP = Trillium Drug Program.
*Except where noted otherwise.

which shows an increasing burden of high-cost biologic
drugs among people enrolled in the TDP¢ and a substantial
overall economic burden of cancer care in Canada.? In 2016,
the global cost of cancer treatment drugs increased by nearly
15% (about US$90 billion), and these drugs were found to be
one of the fastest-growing components in pharmaceutical
spending.?*¥

The increase in oncology-related costs and number of
TDP claims over time can be attributed to the uptake of
newer therapies. This was not offset by the use of generic
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medications, as with increasing number of patients receiving
treatment and increasing length of treatment duration, older
brands are used more often.?®**3! This is further evidenced by
our finding that the year-over-year increase in expenditure
was closely mirrored by the introduction and approval of new
oral treatment drugs, such as imatinib in 2001, dasatinib in
2008 and lenalidomide in 2009, some of the most expensive
cancer drugs on the market.*? The availability of generic imat-
inib, in 2013, was reflected in a slight decline in total TDP
costs, which was not sustained, as claims for abiraterone,
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Figure 3: Distribution of cancer type by Trillium Drug Program enrolment before or after cancer diagnosis.

lenalidomide, ruxolitinib and other new drugs increased
through to the end of our observation period. Although the
vast majority of TDP claims were for noncancer drugs, the
amount paid by the program for each cancer treatment drug
far exceeded the cost of noncancer drugs.

Not surprisingly, we found that patients who were
enrolled in the TDP before their cancer diagnosis had more
comorbidities at the time of cancer diagnosis than patients
who enrolled after their cancer diagnosis. Thus, they may
have had conditions requiring treatment with costly pre-
scription medication, paid for out of pocket, even before
their cancer diagnosis. The distribution of cancer diagnoses
among patients who were enrolled in the TDP before their
diagnosis mirrored the distribution of newly diagnosed can-
cer cases in the province.”> However, among patients who
were enrolled in the TDP after their cancer diagnosis, some
cancers (breast, thyroid and brain) were overrepresented
compared to 2013 Ontario statistics,’® whereas others
(colorectal and lung) were underrepresented. Although a
recent study by de Oliveira and colleagues®* showed that
many of these cancers did in fact incur the largest financial
burden during the first year after cancer diagnosis (about
$480 million for colorectal cancer, $450 million for lung
cancer, $270 million for breast cancer and $240 million for
prostate cancer), the drivers of cost varied. Cancers that were
overrepresented in our TDP cohort tended to include treat-
ment protocols that would require patients to pay out of

pocket for orally administered medications that are costly
and/or with long (in some cases lifetime) treatment windows.

The burden of cancer is increasing, as about 1 in 2 Canadi-
ans are expected to receive a diagnosis of cancer in their life-
time.* As such, the cost of treating cancer is a major issue,
especially within a growing, aging society, where access to
increasingly expensive interventions adds to the rising societal
costs of cancer care.’%” This is akin to financial toxicity, as
rising cancer costs can reduce quality of life owing to severe
emotional and family distress, reduce patients’ access to care,
lead to treatment abandonment and financial bankruptcy, and
impede delivery of the highest-quality care.**?® Research has
shown that even insured patients with cancer experienced
considerable financial burden and altered their care to reduce
out-of-pocket costs, such as taking less than the amount of
medication prescribed, partially filling prescriptions or opting
to not fill prescriptions at all, as well as spending less on food,
clothing and leisure activities.?” As the number and availability
of orally given cancer treatment drugs continue to increase,
coupled with patients’ preference for oral administration over
intravenous administration, cancer treatment may move away
from hospital cancer centres, thereby transferring treatment
costs more directly to the patient.**** This can, in turn, exac-
erbate the issue of financial toxicity for patients in the future
as cancer drug prices continue to steadily rise. More needs to
be done to make cancer treatment more affordable and equi-
table for patients.
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Strengths and limitations

Our rich, comprehensive provincial data allowed us to link
population-based samples of patients with cancer to health
administrative databases and objectively assess their TDP
claims and the costs associated with these claims, as well as
objectively determine their cancer diagnosis and drugs dis-
pensed for each patient. Our study also has limitations worth
noting. We were not able to access income at the household
level and the corresponding TDP deductible incurred by the
household. We also lacked information on the indication for
drug use, household composition and which person within the
household initiated enrolment in the TDP.

Conclusion

Our results show that cancer treatment drugs are very costly.
However, the TDP, available to all Ontarians regardless of their
income, can help benefit those with a high financial burden of
cancer treatment by substantially offsetting those costs. In fact,
TDP recipients are increasingly using the program for high-cost
and biologic drugs. As the projected cost of cancer treatment
drugs continues to steadily rise with the introduction of novel
therapies at higher costs, the TDP is an available resource and
support system to aid in managing these debilitating expendi-
tures and prevent the financial toxicity often experienced from a
cancer diagnosis. Budget projections may benefit from the con-
sideration of cancer drug claims to obtain a more comprehen-
sive picture of the funding required to sustain this program.
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