
Patient time and out-of-pocket costs for long-term prostate
cancer survivors in Ontario, Canada

Claire de Oliveira & Karen E. Bremner & Andy Ni &
Shabbir M. H. Alibhai & Audrey Laporte &

Murray D. Krahn

Received: 22 March 2013 /Accepted: 6 August 2013 /Published online: 23 August 2013
# Springer Science+Business Media New York 2013

Abstract
Purpose Time and out-of-pocket (OOP) costs can represent a
substantial burden for cancer patients but have not been de-
scribed for long-term cancer survivors. We estimated these
costs, their predictors, and their relationship to financial income,
among a cohort of long-term prostate cancer (PC) survivors.
Methods A population-based, community-dwelling, geo-
graphically diverse sample of long-term (2–13 years) PC
survivors in Ontario, Canada, was identified from the Ontario
Cancer Registry and contacted through their referring physi-
cians.We obtained data on demographics, health care resource
use, and OOP costs through mailed questionnaires and
conducted chart reviews to obtain clinical data. We compared
mean annual time and OOP costs (2006 Canadian dollars)
across clinical and sociodemographic characteristics and ex-
amined the association between costs and four groups of
predictors (patient, disease, system, symptom) using two-
part regression models.
Results Patients' (N =585) mean age was 73 years; 77 % were
retired, and 42 % reported total annual incomes less than

$40,000. Overall, mean time costs were $838/year and mean
OOP costs were $200/year. Although generally low, total
costs represented approximately 10 % of income for lower
income patients. No demographic variables were associated
with costs. Radical prostatectomy, younger age, poor urinary
function, current androgen deprivation therapy, and recent
diagnosis were significantly associated with increased likeli-
hood of incurring any costs, but only urinary function signif-
icantly affected total amount.
Conclusions Time and OOP costs are modest for most long-
term PC survivors but can represent a substantial burden for
lower income patients. Even several years after diagnosis, PC-
specific treatments and treatment-related dysfunction are as-
sociated with increased costs.
Implications for Cancer Survivors Time and out-of-pocket
costs are generally manageable for long-term PC survivors
but can be a significant burden mainly for lower income
patients. The effects of PC-specific, treatment-related dys-
functions on quality of life can also represent sources of
expense for patients.
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Introduction

Studies have shown that health care costs, including time and
out-of-pocket (OOP) costs, represent a substantial financial
burden for many patients, even in countries with tax-
supported health care systems [1–7]. In some cases, OOP costs
may influence the choice of treatment; for example, breast
cancer patients of lower socioeconomic status were less likely
to use radiotherapy as curative or palliative treatment [8].

Although all Ontario residents have publicly funded health
care insurance providing coverage for medically necessary
services, including prescription drugs for those aged 65 years
and older or with select medical conditions, some services (e.g.,
allied health, complementary and alternative medicines, and
medical equipment) are not covered. Some or all of these costs
may be covered under employer-based or privately purchased
insurance; otherwise, they must be paid out-of-pocket. Travel
and time costs are usually borne by patients and families.

Prostate cancer (PC) is the most common cancer among
men in developed countries. Due to early detection and treat-
ment, men may now live for many years after their cancer
diagnosis [9]. Long-term survivors continue to experience ad-
verse effects of treatment and may bear ongoing costs of
treatment and/or treatment complications. Previously, we esti-
mated the direct medical costs of PC patients in Ontario [10]
from the perspective of the payer (Ontario Ministry of Health
and Long-Term Care). Government-paid costs can be obtained
relatively easily from administrative health care data in Canada
[10] and databases such as SEER-Medicare [11] in the USA.
These databases are less useful to estimate the costs borne by
patients. While there are studies reporting time and OOP costs
patients incur while undergoing treatment, few have examined
these costs for survivors. Thus, the purpose of this analysis is to
estimate and determine predictors of time and OOP costs
incurred by long-term PC survivors in Ontario, Canada.

Methods

This study was approved by the Research Ethics Boards of the
University of Toronto andUniversity Health Network, Toronto,
Ontario. All participants provided written informed consent.

Recruitment

All patients initially diagnosed with PC in 1993–1994, 1997–
1998, and 2001–2002 were identified from the Ontario Cancer
Registry, a population-based database maintained by Cancer
Care Ontario [12]. We selected patients residing in three

counties: Toronto and York, representing urban and suburban
areas in southern Ontario, respectively, and Sudbury, a city/
county in northern Ontario. We included all patients from York
(approximately 200/year) and Sudbury (approximately 100/
year) and a random selection of 200 patients per year from
Toronto; only surviving patients were included in our study.
By selecting years of diagnosis over a 10-year period, we
sampled patients across the natural history of the disease. Re-
cruitment occurred from January 2004 to October 2006; ques-
tionnaires and chart reviews were completed between February
2004 and November 2006.

Using patients' unique cancer registry number, we retrieved
their paper pathology records to identify referring physicians.
Using contact information obtained from the College of Phy-
sicians and Surgeons of Ontario (http://www.cpso.on.ca), we
mailed each physician personalized patient letters explaining
the study. Physicians were requested to sign the letters,
provide patient contact information, and provide consent for
us to review charts of consenting patients. Physicians' offices
were repeatedly contacted by telephone and/or fax until they
indicated their willingness to participate.

Patients were then sent the signed letters, which described
the study and provided contact information for the study coor-
dinator. If we did not hear from patients within 10 days after
mailing the letters, we telephoned them to enquire about will-
ingness to participate and have their medical chart reviewed.
Patients who provided verbal consent were mailed the consent
form, a questionnaire booklet, and a stamped addressed enve-
lope for their return. The booklet included a sociodemographic
questionnaire, a checklist based on the Charlson comorbidity
index [13], a cost questionnaire, and four quality of life instru-
ments including the prostate cancer index (PCI) [14] (results
reported elsewhere). Completion of the questionnaires required
approximately 50 min. Data obtained from medical charts
included tumour grade and stage at diagnosis, PC treatments,
and dates of disease progression and metastases.

Data collection

We developed a self-report questionnaire to obtain data on
time and OOP costs spent visiting health professionals, OOP
costs for medication, equipment, community services, and
household help, and time lost from work and leisure, due to
PC in the last 3 months [3] (Appendix 1). The questionnaire
used simple and clear language; patients could skip questions
that did not apply to them. The questionnaire was piloted in
five PC patients in an ambulatory clinic at Princess Margaret
Hospital, Toronto. Respondents understood the questionnaire
and completed it within 20 min without problems. Most
patients incurred no prostate cancer-related costs during our
initial 3-month recall period. We subsequently increased the
recall period to 6 months in an attempt to achieve a more
complete costing sample.
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Outcome variables

Our main outcomes of interest were time and OOP costs
associated with PC care during the previous 6 months. OOP
costs included medical costs associated with health profession-
al visits such as diagnostic tests and treatments, and nonmedical
costs such as travel, parking, food, and accommodation. OOP
costs also included medication and dispensing fees, equipment,
home care, and hired household help. We also captured travel
time and waiting time for patients and accompanying persons
and time lost by patients from chores, paid employment, and
leisure. All time for patients and accompanying persons was
valued according to the average hourly wages in 2006 in
Ontario: $21.75 for males aged <55 years, $18.25 for females
aged <55 years, and $22.31 for both sexes aged >55 years,
http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/
labr69g-eng.htm). We doubled all 6-month costs and times to
obtain an estimate of annual costs. All costs were adjusted to
2006 Canadian dollars using the consumer price index for
health care from Statistics Canada (http://www40.statcan.gc.
ca/l01/cst01/econ09g-eng.htm).

Analysis

Means and standard deviations were calculated to describe
continuous numeric variables, while frequencies and percent-
ages were calculated for categorical variables.

Multiple imputation was performed on all variables with
missing values so that all patients could be included in the
analyses. We used the multivariate imputation by chained
equations (MICE) V1.1.0 package in R [15]. Numeric vari-
ables were imputed by the predictive mean matching method;
categorical variables were imputed by the logistic regression
method. Five imputed datasets were generated. Regression
analyses were performed on each of the five imputed datasets
and results were combined using functions provided in the
MICE package. Multiple imputation is prone to bias if the
missing data are systematically different from the non-missing
or if too few variables are used to predict and replace the
missing data [16]. We believe that the data were “missing at
random” and thus not a concern for our analysis.

Univariate analysis of variance tests were carried out to
determine the individual effects of patient-related variables

Surviving patients 
n = 1,961

Patients to whom letters were sent
n = 1,323

Patients contacted
n = 1,109

Patients that returned 
questionnaires

n = 676

Patients for which letters and 
questionnaires were sent 

n = 851

Lost 638 patients

Unable to contact them: referring physician was 
not interested in participating (n = 414 patients), 
had retired, moved out of the province, or died (n 
= 86 patients), or could not be located (n = 76 
patients); contact information for 47 patients 
could not be found, and 15 patients were judged 
unsuitable for the study by their physician

Lost 214 patients

Unable to contact because the information 
provided by the physicians' offices was incorrect 
or outdated

Lost 239 patients

159 were not interested in participating and 80 
did not speak English or had cognitive or sensory 
impairment

Lost 175 patients

Did not complete and return questionnaire

Lost 91 patients

Could not locate charts

Patients for which self-reported 
and chart data were linked 

(final sample)
n = 585

Fig. 1 Cohort selection process
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(demographics, comorbidity), disease-related variables (tu-
mour stage, PC treatments), system-related variables (year of
diagnosis, area of residence), and symptom-related variables
(PCI urinary, bowel, and sexual function scores) on costs.

Multiple regression analyses were performed by sequen-
tially adding the four groups of predictors into the model and
examining the change in the goodness-of-fit of the model to
determine the most important groups of cost predictors. Our
cost-related outcomes were heavily zero-inflated numeric var-
iables (because some patients reported no costs); therefore, an
ordinary least squares regression model would produce biased
results. To correct this problem, we used a two-part regression
model [17]. Two datasets were generated from the imputed
datasets: one included dichotomized cost-related outcomes
indicating a zero or non-zero value, while the other included
only non-zero values. The first dataset was analyzed using
logistic regression, and the second dataset was analyzed using
ordinary least squares (OLS) regression. In the logistic model,
the independent variables predicted the odds of having a non-
zero cost, while in the linear model, the independent variables
predicted the amount of the non-zero costs. The log-likelihood
and R-squared were reported as measures of goodness-of-fit
for the logistic and OLS regressions, respectively. Statistical
analyses were performed in R 2.8.0 [18] and SAS 9.1.3 [19].

Table 1 Patient characteristics (N=585)

Characteristic Number Percent

Age (years)

≤60 44 7.5

61–70 164 28.0

71–80 297 50.8

>80 80 13.7

Marital status

Married/common law 479 82.0

Widowed 54 9.1

Separated/divorced 32 5.5

Single, never married 20 3.4

Education

Less than high school 201 34.4

Graduated high school 68 11.6

Attended/graduated college or university 311 53.3

missing 5 0.7

Employment status

Retired 448 76.6

Working full/part time for pay 105 18.0

Other 32 5.4

Estimated annual income from employment and investments
(2006 CAD)

<$20,000 92 15.7

$20,000–$39,000 144 24.6

$40,000–$59,000 103 17.6

$60,000–$79,000 67 11.5

$80,000–$99,000 26 4.4

$100,000–$150,000 48 8.2

More than $150,000 24 4.1

Missing 81 13.9

Charlson comorbidity score

0 264 45.1

1 146 25.0

≥2 175 29.9

Treatments receiveda

Radical prostatectomy 296 50.6

Radiation therapy 213 36.4

Androgen deprivation therapy

Never 366 62.6

Past 113 19.3

Current 106 18.1

Metastatic diseaseb 18 3.1

Area of residence

Toronto (large urban) 222 38.0

York region (suburban) 195 33.3

Sudbury (town and rural) 168 28.7

Year of diagnosisc

1992–1994 144 24.6

1995–1998 240 41.0

1999–2002 201 34.4

Table 1 (continued)

Characteristic Number Percent

PCI urinary functiond

0–25 18 3.1

26–50 61 10.5

51–75 140 24.0

75–100 364 62.4

Missing 2

PCI bowel functiond

0–25 3 0.5

26–50 23 4.0

51–75 128 22.0

75–100 428 73.5

Missing 3

PCI sexual functiond

0–25 362 64.4

26–50 86 15.4

51–75 77 13.8

75–100 35 6.4

Missing 25

a Some patients received more than one treatment
bMetastatic disease documented in medical chart, based on imaging tests
and/or physician's judgment
c All patients were diagnosed in 1993, 1994, 1997, 1998, 2001, and 2002
(with the exception of 11 patients)
d PCI scores: 0 = worst function; 100 = best function
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Results

Cohort characteristics

We identified a stratified, population-derived sample of 1,961
patients who met our inclusion criteria. We were able to locate
and send letters to the physicians of 1,323 of those patients.
Using the contact information provided by the physicians, we
were able to contact 1,109 patients only. Not all patients were
interested in participating; 676 returned the questionnaire and
wewere able to analyze 585 patient responses regarding costs.
We do not have information on surviving patients who did not
participate as they did not complete the questionnaire. Patients
diagnosed in the earlier years were more difficult to locate
(their physicians were more likely to be retired or have moved
or died). However, age did not seem to be a determining factor
for study participation given that the patients in this study
were of similar ages to those in previous studies where we
recruited patients from a single clinic [20, 21]. Further details
regarding the cohort selection can be found in Fig. 1.

Respondents' sociodemographic and clinical characteristics
are described in Table 1. Patients ranged in age from 43 to
98 years, with a mean age of 73 years. Most were married,
retired, and had attended college or university. We asked
patients to report annual employment earnings and investment
income, using increments of $20,000/year. We then created
five categories of total personal income by summing the
midpoints of the ranges (these were collapsed for the regres-
sion analyses). About 42 % of our sample reported a total
annual income below $40,000. The most common treatments
for PC were androgen deprivation therapy (ADT) (63 %) and
radical prostatectomy (RP) (51 %). Only 3 % of patients had
metastatic disease. Scores on the PCI indicated that sexual
function (mean = 23.7) was much worse than urinary or bowel
function (mean scores = 79.1 and 84.6, respectively)

Overall and subgroup patient costs

The mean annual time cost was $838 (95 % confidence
interval (CI) $442–$1,233), ranging from $0 to $52,386
across individuals. Nearly 30 % of patients incurred no time
costs at all, and 75% reported time costs of $300 or less.Mean
OOP costs were $200 (95 % CI $109–$290) and ranged from
$0 (43 % of patients) to $20,760.

Table 2 reports mean costs by patient subgroups. Few of
the differences in mean costs between patients of different
characteristics were statistically significant. Most demograph-
ic variables did not significantly affect costs. In general, costs
decreased with age; however, OOP costs were highest for the
youngest and oldest age groups (p =0.03). Patients who had
undergone radiation therapy (RT) had lower time and total
costs than those who had not (p≤ 0.05). Patients who had
received previous ADT had significantly higher OOP costs

than those currently receiving ADT or those that had never
received it (p =0.03). Patients with metastatic disease incurred
high time costs (mean = $3,159) and total costs ($3,333)
compared to non-metastatic patients (p <0.05). The most sig-
nificant findings with respect to predictors of cost (p <0.001)
were higher costs in patients with poor urinary and bowel
function.

Patient characteristics associated with time, out-of-pocket,
and total costs

Time costs

Younger patients were more likely to incur time costs, but age
had no significant effect on the amount incurred, among those
with any costs (Table 3). Patients with recent diagnosis, no RP,
any ADT, and worse urinary and sexual functions had a higher
likelihood of incurring any time costs. For those patients with
time costs, having metastatic disease, and worse urinary func-
tion were associated with significantly higher costs (Table 3).

OOP costs

A later cancer diagnosis, no previous RP, and worse urinary
function were associated with a higher likelihood of incurring
any OOP costs (Table 4). For patients that paid OOP costs, the
amount increased for those that had past ADTand poor bowel
function (Table 4).

Total costs

Younger patients, no previous RP, current ADT, earlier year of
diagnosis, and worse urinary function were associated with
increased likelihood of incurring costs (Table 5). Among
patients that incurred costs, worse urinary function was asso-
ciated with higher total amounts (Table 5).

Discussion

Direct medical costs for PC can be considerable and are
highest after diagnosis and before death [10]; however, un-
derstanding the total economic burden also requires estimat-
ing patient-borne time and OOP costs. Time costs are rarely
measured systematically [6], while OOP costs are seldom
considered but frequently affect the well-being of cancer
survivors [22]. Both types of costs can represent a consider-
able burden to patients.

At the time the questionnaire was administered, our cohort
of patients was not dealing with initial cancer treatment but
rather its sequelae. The time and OOP costs these patients
incurred were generally low. However, for approximately
16 % of patients with an annual income below $20,000, PC-
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Table 2 Mean annual cost by sociodemographic characteristics, treatment, and metastatic disease

Patient-time costs (per year) Out-of-pocket costs (per year) Total costs (per year)

Mean 95 % CI Mean 95 % CI Mean 95 % CI

All patients (n=545) $838 $442–1,233 $200 $109–290 $1,037 $622–1,453

Age (years)

≤60 (n=44) $1,514 $95–2,932 $588 $55–1,121 $2,102 $395–3,808

61–70 (n=155) $834 $180–1,489 $182 $106–258 $1,017 $344–1,690

71–80 (n=273) $898 $236–1,559 $112 $73–$150 $1,009 $338–1,680

>80 (n=73) $212 $126–298 $334 −$232 to $900 $546 −$32 to $1,124

p value for differences between groups 0.52 0.03 0.43

Marital status

Married/common law (n=450) $869 $435–1,304 $208 $100–315 $1,077 $618–1,536

Single, separated, divorced, or widowed (n=95) $687 −$281 to $1,656 $163 $57–270 $850 −$143 to $1,844

p value for differences between groups 0.73 0.71 0.68

Education

Less than high school (n=188) $560 −$12 to $1,132 $274 $38–510 $834 $206–1,463

Graduated high school (n=62) $1,304 −$160 to $2,769 $336 $35–638 $1,641 $30–$3,251

Attended/graduated college or university (n=292) $923 $359–1,487 $125 $85–164 $1,047 $474–1,621

p value for differences between groups 0.51 0.19 0.54

Employment status

Working full/part time for pay (n=94) $1,408 $31–2,786 $150 $89–211 $1,558 $161–2,956

Retired (n=423) $701 $308–1,095 $214 $99–328 $915 $491–1,338

Other (n=28) $980 −$846 to $2,806 $162 −$145 to $469 $1,143 −$700 to $2,986

p value for differences between groups 0.41 0.86 0.52

Estimated annual income from employment and investments—past 12 months (in CAD)

<$50,000 (n=226) 782.44 172.33–1,392.56 216.97 102.22–331.72 999.41 349.21–1,649.62

$50,000–99,000 (n=178) 1,051.08 284.85–1,817.30 124.16 78.71–169.60 1,175.23 407.41–1,943.05

$100,000–150,000 (n=47) 148.26 77.15–219.38 98.07 30.45–165.69 246.33 139.57–353.09

More than $150,000 (n=20) 160.89 27.70–294.08 85.70 −30.28 to 201.68 246.59 59.64–433.54

p value for differences between groups 0.59 0.39 0.59

Charlson comorbidity score

0 (n=251) $410 $173–647 $154 $104–204 $564 $314–814

1 (n=136) $1,111 $163–2,058 $191 $63–319 $1,301 $334–2,269

≥2 (n=158) $1,282 $249–2,315 $281 −$3 to $565 $1,563 $459–2,667

p value for differences between groups 0.51 0.11 0.07

Radical prostatectomy

No (n=266) $464 $69–$858 $218 $52–$385 $682 $245–1,119

Yes (n=279) $1,194 $520–1,868 $183 $104–262 $1,377 $680–2,074

p value for differences between groups 0.70 0.10 0.07

Radiation therapy

No (n=351) $1,152 $542–1,761 $187 $111–264 $1,339 $710–1,968

Yes (n=194) $270 $162–377 $223 $7–438 $492 $240–744

p value for differences between groups 0.04 0.72 0.05

Androgen deprivation therapy

Never (n=340) $919 $377–1,460 $140 $86–194 $1,059 $508–1,609

Past (n=112) $652 $233–1,070 $441 $34–848 $1,092 $417–1,767

Current (n=93) $765 −$351 to $1,880 $130 $61–199 $894 −$240 to $2,029

p value for differences between groups 0.86 0.03 0.95

Metastatic disease

No (n=527) $758 $398–1,119 $201 $107–294 $959 $576–1,342

Yes (n=18) $3,159 −$2953 to $9,272 $173 $12–335 $3,333 –$2,873 to $9,538

p value for differences between groups 0.03 0.91 0.04
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related time and OOP costs could represent 10.4 % of their
income (assuming $10,000 average income); for patients in
the $20,000–$39,000 range (25 % of patients), this burden
would be 3.5 %. This burden decreased to 2.1 % and 0.2 % of
income for patients in the $40,000–$59,000 and
$100,000–$150,000 intervals, respectively. Thus, costs varied
widely among individuals, from none to extremely high costs.

Our results were qualitatively similar to previous research.
We found higher total health care expenses among younger
patients [2], metastatic patients, and those who underwent RP
[10] and lower costs in patients with better urinary function
[23]. We also found that current androgen deprivation therapy
and recent diagnosis were significantly associated with the
likelihood of incurring any costs. However, unlike previous
studies, we found no significant association between costs and

area of residence [4] or comorbidity [10]. Quantitatively, our
12-month time costs are high compared to those from the
USA ($1,194 vs. $341 and $270 vs. $187 for RP and RT
patients, respectively) [23]; this is likely due to sample differ-
ences (our sample is older) and the use of different wage rates
to value time, which do not enable a valid comparison. (Our
wage rates were obtained from Statistics Canada and are in
2006 CAD; the wage rates from the US study were obtained
from patients' self-reported individual income and standardized
to 2009USD.) However, our OOP cost estimates are low ($183
vs. $416 and $223 vs. $587 for RP and RT patients, respec-
tively), even after inflation and adjusting to 2009 USD, perhaps
because American patients pay for co-payments, premiums,
and services not fully covered by insurance. Furthermore, our
overall OOP cost estimate ($200/year) is very low compared

Table 2 (continued)

Patient-time costs (per year) Out-of-pocket costs (per year) Total costs (per year)

Mean 95 % CI Mean 95 % CI Mean 95 % CI

Area of residence

Toronto (large urban) (n=206) $643 $133–1,152 $260 $47–474 $903 $349–1,457

York region (suburban) (n=186) $843 $151–1,535 $207 $93–321 $1,050 $313–1,788

Sudbury (town and rural) (n=153) $1,093 $184–2,002 $110 $57–162 $1,203 $277–2,130

p value for differences between groups 0.67 0.42 0.85

Diagnosis year

1992–1994 (n=131) $807 −$65 to $1,679 $105 $47–162 $912 $27–1,796

1995–1998 (n=221) $909 $163–1,655 $83 $54–113 $993 $234–1,751

1999–2002 (n=193) $776 $351–1,202 $398 $149–645 $1,175 $647–1,702

p value for differences between groups 0.96 0.006 0.88

PCI urinary function

0–25 (n=18) $3,918 −$1,491 to $9,328 $268 $97–438 $4,186 −$1,229 to $9,328

26–50 (n=57) $2,136 $19–4,254 $210 $110–311 $2,346 $217–4,475

51–75 (n=131) $1,303 $182–2,423 $273 −$45–591 $1,576 $392–2,760

75–100 (n=338) $277 $140–414 $167 $89–245 $444 $250–638

p value for differences between groups <0.0001 0.30 <0.0001

PCI bowel function

0–25 (n=3)a – – – – – –

26–50 (n=19) $270 $72–469 $86 $4–168 $356 $90–622

51–75 (n=115) $1,357 $138–2,576 $239 $90–387 $1,596 $343–2,850

75–100 (n=405) $727 $321–1,134 $146 $90–201 $873 $451–1,295

p value for differences between groups 0.74 0.0007 0.29

PCI sexual function

0–25 (n=336) $1,178 $554–1,803 $232 $96–367 $1,401 $764–2,057

26–50 (n=81) $134 $96–172 $119 $51–187 $253 $173–333

51–75 (n=74) $376 −$113 to $865 $215 −$32 to $462 $591 −$140 to $1,323

75–100 (n=33) $573 −$353 to $1,499 $155 $51–259 $728 −$229 to $1,684

p value for differences between groups 0.17 0.48 0.15

Data were missing for 40 patients. Mean costs are in 2006 CAD (Canadian dollars)

PCI prostate cancer index
a Results are not shown due to small sample size
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with amonthly (30-day) OOP cost estimate of $213 for patients
with prostate, breast, colorectal, and lung cancers reported by
another Canadian study [1]. However, unlike our sample of
long-term community-dwelling PC survivors, these patients
were recruited from hospital clinics and were all receiving
active treatment at the time of the survey, which would explain
the higher value of costs incurred.

Previous research has shown that PC treatment-related
sexual and urinary adverse effects persist up to 10 years
post-diagnosis [24] and significantly affect quality of life
[25, 26]. Our study indicated that poor quality of life, in terms
of urinary, bowel, and sexual functions, may also be associat-
ed with higher costs. The observation that RP, with long-term
side effects including incontinence and erectile dysfunction,

Table 3 Patient characteristics associated with time costs

Time cost

Logistic regression Linear regression

Variables Category within
the variable

Estimated
coefficient

Standard error p value Estimated
coefficient

Standard error p value

Age (Continuous) −0.06 0.02 <0.01 −18.62 46.69 0.80

Marital status Reference level: married

Other 0.33 0.26 0.22 −160.29 707.86 0.82

Education Reference level: college/university

<High school −0.31 0.23 0.20 −495.23 668.95 0.47

High school graduate −0.13 0.32 0.68 490.12 917.09 0.59

Employment Reference level: retired

Part-/full-time work 0.09 0.28 0.71 524.13 814.82 0.45

Other −0.31 0.43 0.48 952.57 1,348.11 0.60

Income (in CAD) Reference level: <$50,000

$50,000–100,000 0.28 0.23 0.32 90.98 630.82 0.95

$100,000–150,000 −0.13 0.36 0.72 −907.84 1,167.31 0.46

≥$150,000 −0.19 0.50 0.73 −522.88 1,526.33 0.88

Comorbidity Reference level: 0

1 −0.01 0.26 0.98 909.77 716.66 0.17

≥2 −0.08 0.25 0.75 1,168.81 724.67 0.12

RP status Reference level: yes

No 1.14 0.31 <0.01 −242.02 878.32 0.83

RT status Reference level: no

Yes 0.04 0.27 0.87 −712.74 714.95 0.29

ADT Reference level: none

Current 0.73 0.30 0.02 −447.03 781.29 0.59

Past 0.39 0.28 0.18 −591.81 739.99 0.44

Metastatic Reference level: no

Yes 0.19 0.68 0.76 3,149.15 1,519.70 0.04

County Reference level: Toronto

Sudbury −0.20 0.25 0.47 756.79 720.20 0.32

York 0.21 0.24 0.41 197.41 666.87 0.77

Diagnosis year (Continuous) 0.12 0.03 <0.01 −17.44 98.05 0.97

PCI urinary function (Continuous) −0.01 0.00 0.02 −42.53 13.15 <0.01

PCI bowel function (Continuous) −0.00 0.01 0.63 10.71 18.54 0.59

PCI sexual function (Continuous) −0.01 0.00 0.03 −5.33 12.56 0.65

Log-likelihood/R-squared −320.49 0.091

Time = costs for time for patient and accompanying person visiting health professionals, as well as leisure time and lost work time

ADT androgen deprivation therapy, RP radical prostatectomy, RT radiation therapy, PCI prostate cancer index
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was also associated with higher costs reinforces this finding.
One study in the USA also found that these factors, and
urinary and sexual bother, were inversely related to OOP
and indirect costs [23]. Another study reported an association
between higher quality of life scores and lower medical ex-
penses among PC patients in Lithuania, a country with a
government-sponsored health care system similar to Canada's
[27]. Causal relationships cannot be determined from these

associations using cross-sectional data, but patients with
worse urinary, bowel, or sexual function would require doctor
visits, medication, supplies such incontinence pads, and lose
leisure time to deal with their problems.

The main strength of our study was our population-based
sample of community-dwelling, long-term survivors of PC
residing in three geographically diverse areas of a large province
in Canada. This type of cohort has rarely been examined in the

Table 4 Patient characteristics associated with out-of-pocket (OOP) costs

OOP cost

Logistic regression Linear regression

Variables Category within
the variable

Estimated coefficient Standard error p value Estimated coefficient Standard error p value

Age (Continuous) −0.03 0.01 0.07 −19.58 13.13 0.16

Marital status Reference level: married

Other 0.10 0.23 0.67 −56.29 205.99 0.79

Education Reference level: college/university

<High school −0.04 0.20 0.85 210.33 193.30 0.32

High school graduate 0.11 0.28 0.75 300.39 257.13 0.30

Employment Reference level: retired

Part-/full-time work 0.24 0.25 0.37 −96.26 219.92 0.60

Other −0.00 0.39 0.98 235.48 374.88 0.54

Income (in CAD) Reference level: <$50,000

$50,000–100,000 0.22 0.20 0.38 −52.64 181.90 0.87

$100,000–150,000 0.28 0.33 0.40 −63.82 308.75 0.85

≥$150,000 0.23 0.46 0.71 −125.83 415.44 0.80

Comorbidity Reference level: 0

1 −0.24 0.22 0.30 135.85 212.59 0.55

≥2 −0.24 0.22 0.28 186.65 204.44 0.362

RP status Reference level: yes

No 0.59 0.27 0.05 −65.39 255.84 0.78

RT status Reference level: no

Yes −0.07 0.23 0.78 95.40 215.21 0.69

ADT Reference level: none

Current 0.17 0.25 0.53 63.82 234.29 0.83

Past 0.18 0.24 0.44 510.33 215.23 0.02

Metastatic Reference level: no

Yes 0.44 0.54 0.39 −275.40 435.58 0.49

County Reference level: Toronto

Sudbury −0.40 0.22 0.11 −330.13 212.02 0.14

York 0.14 0.21 0.51 −148.82 187.04 0.44

Diagnosis year (Continuous) 0.07 0.03 0.03 42.05 28.37 0.14

PCI urinary function (Continuous) −0.01 0.00 <0.01 0.87 3.79 0.80

PCI bowel function (Continuous) −0.01 0.01 0.39 −16.86 5.31 <0.01

PCI sexual function (Continuous) −0.00 0.00 0.46 −0.86 3.52 0.79

Log-likelihood/R-squared −383.67 0.103

All out-of-pocket costs include medication, health professional visits, equipment, and home care

OOP out-of-pocket costs, ADT androgen deprivation therapy, RP radical prostatectomy, RT radiation therapy, PCI prostate cancer index
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literature. Our main limitation concerns the self-reported nature
of the data. We used a self-administered questionnaire with a
relatively long recall period and assumed the 6-month period
reported also represented the previous one in calculating annual
costs. Some authors believe self-administered questionnaires
can lead to low levels of adherence, suggesting interviews, in
person or by telephone, as a preferred method to obtain data on
expenses [28]. Yet, self-administered surveys can be filled out in

the comfort of patients' homes with access to receipts and
appointment books.

Approximately 40 to 50 patients (7 % to 8.5 %) did not
answer one or more of the questions on the use of services.
These data are probably missing because patients could not
remember the amount of money or time they had spent and
not due to the fact that questions were too personal or sensi-
tive. There was no evidence from the patterns of missing data

Table 5 Patient characteristics associated with total costs

Total cost

Logistic regression Linear regression

Variables Category within
the variable

Estimated coefficient Standard error p value Estimated coefficient Standard error p value

Age (Continuous) −0.04 0.03 0.01 −46.10 45.05 0.37

Marital status Reference level: married

Other 0.20 0.24 0.41 6.34 696.18 0.99

Education Reference level: college/university

<High school −0.11 0.24 0.68 −352.43 647.18 0.59

High school graduate −0.11 0.33 0.73 682.06 8.92.04 0.44

Employment Reference level: retired

Part-/full-time work 0.39 0.30 0.19 390.08 762.97 0.54

Other −0.39 0.43 0.37 780.25 1,336.15 0.56

Income (in CAD) Reference level: <$50,000

$50,000–100,000 0.23 0.24 0.39 116.27 615.55 0.90

$100,000–150,000 −0.13 0.37 0.73 −669.45 1,095.47 0.57

≥$150,000 −0.15 0.52 0.77 −1,095.68 1,475.21 0.54

Comorbidity Reference level: 0

1 −0.29 0.25 0.26 1,100.62 706.63 0.10

≥2 −0.15 0.27 0.60 1,262.80 696.30 0.08

RP status Reference level: yes

No 1.14 0.32 <0.01 −247.03 852.84 0.79

RT status Reference level: no

Yes 0.00 0.28 0.99 −580.79 698.32 0.38

ADT Reference level: none

Current 0.73 0.31 0.02 −314.33 769.96 0.69

Past 0.32 0.29 0.27 −50.53 726.13 0.95

Metastatic Reference level: no

Yes 0.60 0.80 0.45 2,729.38 1,483.97 0.07

County Reference level: Toronto

Sudbury −0.40 0.26 0.16 480.29 701.22 0.52

York −0.04 0.25 0.87 217.46 646.62 0.76

Diagnosis year (Continuous) 0.13 0.04 <0.01 22.89 96.08 0.74

PCI urinary function (Continuous) −0.02 0.01 <0.01 −38.01 12.60 <0.01

PCI bowel function (Continuous) −0.00 0.01 0.82 −1.11 18.12 0.97

PCI sexual function (Continuous) −0.01 0.00 0.16 −6.93 12.01 0.55

Log-likelihood/R-squared −301.05 0.078

Total = sum of time and OOP cost

ADT androgen deprivation therapy, RP radical prostatectomy, RT radiation therapy, PCI prostate cancer index
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that patients found the questionnaire to be too long and
stopped answering the questions.

Another potential concern is the sample size. Although we
identified 1,961 eligible patients for this study, ultimately only
30% returned completed questionnaires and had their medical
charts reviewed and thus were included in this analysis. The
main reason for the high attrition rate was that we could not
locate patients or their referring physicians somany years after
the original cancer diagnosis. As with any voluntary research
study, the final sample of consenting survivors may have been
biased towards patients who were healthier and more satisfied
with treatment.

While we asked patients to report specifically about PC-
related health care only, some may have reported costs associ-
ated with comorbid conditions. In some cases, it may be
difficult to determine the true reason for expenses; for example,
equipment for orthopedic problems may be due to PC metas-
tases which limit mobility. Other limitations include missing
data, namely PCI sexual, urinary, and bowel function ques-
tions, and the uncertainty about precise income values (calcu-
lated from two income variables, both of which had broad
ranges). Finally, cancer stage at diagnosis was not available;
thus, we cannot ascertain how it might have affect costs.

PC is the most common cancer among men in developed
countries and has a long survivorship period. To have a full
understanding of the economic impact of PC, onemust consider
the costs to patients and society at large. While studies have
examined these costs for patients undergoing treatment, few
have examined the long-term financial implications of cancer
and its treatment. Our findings suggest that time and OOP costs
are generally manageable for long-term PC survivors but can be
a significant burden mainly for lower income patients. Further-
more, while many studies have documented the effects of PC-
specific treatment-related dysfunctions on quality of life [25],
our study showed that these also represent sources of expense
for patients. Our study indicates that these associations merit
further research to determine causal relationships.
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