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ABSTRACT

Introduction Sincejustafter the year 2000 in Quebec, the management of metastatic castration-resistant prostate
cancer (mcrpc) has evolved considerably, with the inclusion of docetaxel-based chemotherapy, bone-targeted
therapies (zoledronic acid and denosumab), and more recently, abiraterone, enzalutamide, and cabazitaxel for
docetaxel-refractory patients. In the present study, we aimed to analyze contemporary mcrpc management patterns
and therapy utilization trends in Quebec.

Methods The study cohort consisted of patients dying of prostate cancer (pca) between January 2001 and
December 2013, selected from Quebec public health care insurance databases. Patient selection was based on
death from a pca-related cause or therapy used according to the Canadian Urological Association guidelines on
mcrrpc management. Treatments included chemotherapy (mitoxantrone before 2005 and docetaxel after 2005),
abiraterone, bone-targeted therapy (zoledronic acid or denosumab, or both), and palliative radiation therapy
(RT). During the study period, neither enzalutamide nor cabazitaxel was publicly reimbursed in Quebec, and as
aresult, no capture of their use was possible for this study. Multivariate logistic regression was used to identify
factors associated with the probability of receiving chemotherapy, bone-targeted therapies, and palliative rT
before death from pca.

Results Overall, the database search identified 3106 patients who died of pca between January 2001 and December
2013. Median age of death was 78 years. Of those 3106 patients, just 2568 (83%) received mcrpc-specific treatments:
chemotherapy, abiraterone, palliative rT, or bone-targeted therapy; the other 17% of the patients were managed
solely with maximum androgen blockade (androgen deprivation therapy plus anti-androgens) despite a record
of pca-related death. Logistic regression analyses indicate that patients dying after 2005 were more likely to have
received chemotherapy [odds ratio (oRr): 1.51; 95% cr1: 1.22 to 1.85] and bone-targeted therapy (or: 1.97; 95% cr: 1.64
to 2.37). Age was a significant predictor for the use of chemotherapy, bone-targeted therapy, and palliative rRT (ORs
in the range 0.96-0.98, p < 0.05).

Conclusions Patient age seems to be a strong determinant in the of selection mcrec therapy, affecting the
probability of the use of chemotherapy, bone-targeted therapy, or palliative rT. Although chemotherapy is still used
only in a small percentage of patients, the introduction of new therapies—such as bone-targeted therapy, docetaxel,
and abiraterone—affected treatment selection over time. The availability of enzalutamide since February 2014 will
likely produce additional changes in mcrpc management.
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INTRODUCTION

Continuous androgen deprivation therapy (apT) is the
standard of care for metastatic prostate cancer (pca)'. An-
drogen deprivation therapy has evolved from being mainly
surgical?® to being mostly medically induced by luteinizing
hormone-releasinghormone agonists®* or antagonists°-°.
Androgen deprivation therapy successfullyreduces tumour
burden and improves symptoms, and it can delay disease
progression for several years!'®!l. However, although dis-
ease remission is observed in most patients'?, most will
unfortunately progress to the lethal phase of pca, called
metastatic castration-resistant pca (mcrec). After disease
progression to the mcrpc stage, the common practice is
to introduce anti-androgens (aas) such as bicalutamide
to continuous ADT, which produces modest responses!34,
Median overall survival duration in mcrpc is reported in
diverse studies to range between 9 and 32 months!®-20,

In 2004, docetaxel-based chemotherapy became the
standard of care for patients with mcrec, replacing mitoxan-
trone?!?2, Chemotherapy with docetaxel in the first line for
mcrpec hasremained the only therapeutic alternative to offer
asurvival benefit for mcrpc since shortly after the year 2000.
Still, use of docetaxel is limited to asmall percentage of mcrpc
patients!”?324—mostly those who are younger?>?—and is
generally reserved for those with symptomatic mcrpc?”.
Additionally, because of the high frequency of bone meta-
stasis, the management of mcrpc often requires the use of
palliative radiotherapy (rT) and bone-targeted therapies to
reduce the disease burden and bone-related morbidity?8-3!.

Until recently, no clear alternative had emerged for
patients with mcrpc progressing after docetaxel chemo-
therapy. That situation changed after randomized con-
trolled trials showed survival benefits for several new
treatments. The therapeutic arsenal now includes four
systemic non-chemotherapeutic agents—abiraterone??,
enzalutamide!®, sipuleucel-T33, and radium-22334*—and
a new chemotherapeutic drug, cabazitaxel3®. Canadian
clinical guidelines have since evolved accordingly®.

In 2012, abiraterone was the first drug approved and
publicly covered in Quebec for patients having previously
received docetaxel, and in 2014, it also became available
for patients in the pre-docetaxel setting. Enzalutamide
was approved in Quebecin 2014 in the post-docetaxel set-
ting and in 2016 for patients in the pre-docetaxel setting.
Radium-223 was approved in 2015; sipuleucel-T was not
approved in Canada.

To optimize the use and benefits of the available mcrrc
therapies, a better understanding of the management of
mcrpcinreallife isneeded. We therefore used public health
care insurance databases in Quebec to undertake a large
retrospective population-based study of patients dying from
pcaduring 2001-2013. Our objective was to analyze the con-
temporary management patternsin this stage of the disease
and the therapy utilization trends across the entire province.

METHODS

Study Design
Our observational retrospective cohort study used data
from the Régie de 'Assurance Maladie du Québec (RaMQ)

and MED-EcHO databases, both of which are used to admin-
ister the public health care insurance programs in Quebec.
The MED-ECcHO database contains information about
acute-care hospitalizations [date of admission, length of
stay, and diagnoses (a primary and up to 15 secondary)].
The raMQ has four database types:

The beneficiary database, containing age, sex,
social assistance status, and date of death for all
registered people

The medical services dataset, containing claims for
all inpatient and ambulatory services (date, nature
and location of the medical services; diagnoses and
procedure codes, plus associated costs)37; all surgical
procedure codes in the database are compliant with
the Canadian classification of diagnostic, therapeutic,
and surgical procedures®®

The admissibility database, which lists the periods of
eligibility for the RaMQ’s Public Insurance Plan

The pharmaceutical database, which provides data
about medications dispensed in community drug-
stores, including date, drug name, dose, quantity, dos-
age form, duration of therapy, and drug costs (insured
and paid by patients)

All databases contain a unique identifier (the indi-
vidual’s health insurance number), which serves as a link
between them. Approval for our study was obtained from
the McGill University Health Centre ethics board and the
Comission d’acces a I'information du Québec before data
were obtained from the RAMQ.

Study Population

The study cohort consisted of men 40 years of age and older,
who had received apr (medical or surgical castration, or
both) and who died between January 2001 and December
2013. Additionally, all patients were required to have arecord
of pca-related death or at least 1 of the treatments specific
to mcrpc in the study period (or both). Per the Canadian
guidelines of the time concerning castration-resistant pca
(crpc)?” and the availability of treatments through rRaAMQ
reimbursement, treatments included chemotherapy (mi-
toxantrone before 2005, docetaxel after 2005), abiraterone,
bone-targeted therapy (zoledronic acid or denosumab, or
both), and palliative rT. In the available dataset, identi-
fication of the chemotherapy drug was not possible, and
therefore chemotherapy administered before 2005 was as-
sumed to be mitoxantrone; after 2005, it was assumed to be
docetaxel. During the study period, neither enzalutamide
nor cabazitaxel was publicly reimbursed in Quebec, and
no capture of their utilization was therefore possible in
the study. The date of death was defined as the index date.
Patient data were collected from first evidence of pca (sur-
gery date, RT date, ADT initiation, or diagnosis of pca, back
toJanuary 1996) to date of death. Two cohorts were defined
based on the year (2005) when docetaxel was integrated into
the management of crpc patients in Quebec:

Cohort of patients dying from pca before 2005
Cohort of patients dying from pca in 2005 onward
(that is, patients dying between 2005 and 2013)
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Statistical Analysis

Demographics (age of death, residence area), health care
resource use, and comorbidities are presented as percent-
ages, means with 95% confidence intervals (cis), or medi-
answith interquartile range (1Qr), as applicable. The use of
AAs (bicalutamide, nilutamide, flutamide, and cyproterone)
in the last 2 years of life and the use of mcrpc-specific
therapies (chemotherapy, palliative rt, bone-targeted
therapy, and abiraterone) were evaluated overall, by year
ofdeath (2001 to 2013), by age at death, and by date of death
(2001-2005 or 2005-2013).

Multivariate logistic regression models were used to
identify factors associated with the probability of receiv-
ing chemotherapy, bone-targeted therapy, and palliative
RT before death. The models were adjusted for several
covariables, as described in the next subsection.

Analyses were performed using the SAS software
application (version 9: SAS Institute, Cary, NC, U.S.A.).
All tests were 2-sided, with a significance threshold of 5%.

Covariables

Age at death, residence area (rural or urban provincial
administrativeregion), and proximity to aradiation oncol-
ogy centre were identified at the index date based on data
from the beneficiary file. Year of death was considered
dichotomous (2001-2005 vs. 2005-2013); each year was
also treated individually compared with a year of death of
2013. The presence of comorbidities was identified in the
medical, pharmaceutical, and MED-ECcHO databases using
specific diagnosis codes, procedures, and common drug
codes during the 3rd-last to the 2nd-last year oflife (mcrpc
phase), including cardiovascular disease and chronic dis-
eases such as diabetes, hypertension, and dyslipidemia,
which are factors known to be associated with an increased
risk for cardiovascular disease and associated mortality3®.

RESULTS

Study Population

Overall, 3106 patients who died of pca between January
2001 and December 2013 were identified (Table 1), with 884
deaths occurring during 2001-2005 and 2222 deaths occur-
ring during 2005-2013. Median age of death was 78 years

(1Qr: 73-83 years), with the age of death being lower in the
2001-2005 group. Of every 10 patients, almost 8 were living
in an urban area (78.0%), and three quarters were living
in aregion close to a radiation oncology facility (74.7%).

All patients received ADT as either medical (95.6%)
or surgical (8.2%) castration. Surgical castration was
performed more often in patients dying during 2001-2005
(15.3% vs. 5.3% for patients dying during 2005-2013). Most
patients (82.7%) received at least one of the treatments
associated with crpc, and aAs were given to 97.5% of all
patients. Therapy with an Aa was initiated concurrently
with ADT in 62% of the patients, and during the last 3 and
2 years of life respectively, 76.1% and 85.9% of patients
received aas. The overall use of therapies for crpc was
24.4% for chemotherapy, 40.6% for palliative rt, 6.8% for
abiraterone, and 36.4% for bone-targeted therapy. However,
greater use of those treatments was observed in patients
dying during 2005-2013.

The most common comorbidities in this cohort were
hypertension (65.7%), dyslipidemia (38.5%), coronary
artery disease (26.7%), diabetes (19.1%), and arrhythmia
(16.1%). More than half the patients in both groups had
2 or more comorbidities (52.0%). A greater use of statins
(identified as dyslipidemia) was seen in patients who died
during 2005-2013 (45.5%) than in those who died during
2001-2005 (20.8%).

Use of CRPC Treatments

Median duration of systemic therapies was 45 months
(1Qr: 20-77 months) for ADT (n = 2968), 35 months (I1QR:
13-66 months) for aas (n = 3029), 6 cycles (1Qr: 2-11
cycles) for chemotherapy (n="757), and 4 months (1Qr: 2-7
months) for abiraterone (n =210). Bone-targeted therapy
(n = 1129) continued for a median duration of 8 months
(1Qr: 3-17 months). Palliative RT was administered in 1 or
2weeks (n=1256), with most patients receiving 1 course of
palliative rT (59.4%), 31.3% receiving 2 courses, and 10.3%
receiving 3 courses during the crpc period.

Overall Use of CRPC Treatments by Age and Year
of Death

Figure 1 shows the distribution of mcrpc therapies by age-
at-death group. Per the overall use of mcrprc treatments,

TABLE I Characteristics of patients dying of prostate cancer in Quebec during 2001-2013

Characteristic

Patient deaths

Overall

During 2001-2005 During 2005-2013

Patients (n) 3106

Age at death (years)
Mean (95% ClI)

77.8 (77.5 to0 78.0)

884 2222

75.9 (75.5 t0 76.4) 78.5 (78.2 to 78.8)

Median (IQR) 78.0 (73.0-83.0) 76.0 (71.0-81.0) 79.0 (74.0-84.0)
Age group at death [n (%)]
<65 Years 186 (6.0) (7.6) (5.4)
>65 to <70 Years 310 (10.0) (13.6) (8.6)
>70 to <75 Years 649 (20.9) (26.1) (18.8)
>75 to <80 Years 787 (25.3) (25.2) (25.4)
80+ Years 1173 (37.8) (27.5) (41.9)
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TABLE 1 Continued

Characteristic Patient deaths
Overall During 2001-2005 During 2005-2013
Year of death [n (%)]
2001 180 (5.8) (20.4)
2002 257 (8.3) (29.1)
2003 222 (7.2) (25.1)
2004 225(7.2) (25.5)
2005 223 (7.2) (10.0)
2006 220 (7.1) (9.9)
2007 211 (6.8) (9.5)
2008 234 (7.5) (10.5)
2009 236 (7.6) (10.6)
2010 271 (8.7) (12.2)
2011 276 (8.9) (12.4)
2012 280 (9.0) (12.6)
2013 271 (8.7) (12.2)
Rural residence [n (%)] 682 (22.0) (21.7) (22.1)
Proximity to radiation oncology centre [n (%)] 2319 (74.7) (74.6) (74.7)
Androgen deprivation therapy [n (%)]
Surgical 253 (8.2) (15.3) (5.3)
Medical castration 2968 (95.6) (91.0) (97.4)
Antiandrogens
Overall 3029 (97.5%) (97.2) (97.7)
During last 3 years of life 2669 (85.9) (96.2) (81.9)
During last 2 years of life 2363 (76.1) (89.1) (70.9)
Tx given any time before death date [n (%)]
Chemotherapy? 757 (24.4) (19.5) (26.3)
Palliative radiation therapy 1261 (40.6) (44.8) (38.9)
Abiraterone 210 (6.8) (0) (9.5)
Bone-targeted therapy 1129 (36.4) (25.1) (40.8)
None of the above 538 (17.3) (20.7) (15.9)
Comorbidities? [n (%)]
Diabetes 592 (19.1) (15.2) (20.6)
Dyslipidemia 1195 (38.5) (20.8) (45.5)
Hypertension 2040 (65.7) (57.6) (68.9)
Coronary artery disease 830 (26.7) (25.2) (27.3)
Chronic heart failure 335(10.8) (10.5) (10.9)
Cerebrovascular disease 140 (4.5) (5.8) (4.0)
Arrhythmia 499 (16.1) (15.2) (16.4)

2 Per the standard of care (mitoxantrone before 2005; docetaxel after 2005).

b In this cohort, 55.2% of patients had 2 or more comorbidities. Comorbidities were registered in the 3rd year preceding death using diagnostics
or treatment for chronic diseases [diabetes: ICD-9 code 250 or use of insulin or hypoglycemic agents; dyslipidemia: ICD-9 code 272 or use of
lipid-lowering drugs; hypertension: ICD-9 codes 401-404 or use of thiazides or angiotensin converting-enzyme inhibitors (without furosemide,
calcium channel blockers, or beta blockers), and without other markers of coronary artery disease], cardiovascular events [coronary artery dis-
ease: ICD-9 codes 410-414, ICD-10 codes 122-125, a medical procedure (coronary artery bypass grafting, angiography, or angioplasty) or use
of oral nitrate; cerebrovascular disease: ICD-9 codes 430-438 or medical procedures; chronic heart failure: ICD-9 codes 398.91, 402, and 428,
or a prescription for furosemide with digoxin, angiotensin converting-enzyme inhibitor, spironolactone, or beta blockers; arrhythmia: diagnosis
(ICD-9 codes 426-427), a medical procedure using a pacemaker, and the use of drugs for cardiac arrhythmias (amiodarone, digoxin, quinidine,
disopyramide, flecainide, mexiletine, procainamide, propafenone, or sotalol)]3°.

Cl = confidence interval; IQR = interquartile range; Tx = treatment; ICD = International Classification of Diseases (version 9 or 10).
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FIGURE 1

Percentage of patients receiving treatment for metastatic castration-resistant prostate cancer, by age at death. Overall utilization of

chemotherapy, abiraterone, palliative radiation therapy, and bone-targeted therapy. AAs = antiandrogens.

some patterns were observed. In general, the proportion
of patients receiving chemotherapy was lower for those 80
years of age and older than for those in other age groups.
Use of chemotherapy decreased from 37.4% in patients less
than 65 years of age to just 14.8% in patients 80 years of age
and older. Small variations in the use of abiraterone, pal-
liative rT, and bone-targeted therapy were evident across
age groups, but the lowest rates of use were observed in
patients 80 years of age and older.

Figure 2 shows time trends for the use of mcrrc
therapy in Quebec during 2002-2013. With the exception
of aas, palliative rT was the therapy most used in the first
2 years of the study (53.9% and 50.6%), declining to 36.5%
in 2003—a proportion thatwas roughly maintained during
the rest of the study period. Use of chemotherapy did not
vary much during 2001-2009, but an upward trend was seen
in the subsequent years, reaching a peak in 2011 (34.1%),
followed byadrop and arisein the last 2 years of the study.
Average chemotherapy use in the period before docetaxel
(2001-2004) and in the docetaxel period (2005-2013) was
19.5% and 26.3% respectively. The introduction of bone-
targeted therapy in 2002 was followed by a sharp increase
in the use of that therapy, which reached its highest level
(52.4%) in 2004, with a subsequent decline in 2005 and 2006,
followed by another rise to a maximum of 59.0%, reached
in 2013. Abiraterone was made available in Quebec only in
2012, whenitwasusedin 26.4% of patients. Abiraterone use
almost doubled in the subsequent year, being used in 49.8%
of patients in the cohort. Finally, an important decline over
time was observed for aasreceived in thelast 2 years oflife,
ranging from 93.3% in 2001 to 62.7% in 2013.

Factors Associated with the Use of CRPC Treatment
The logistic regression analyses (Table 11) revealed a 51%
increase in the use of chemotherapy in patients who died
during 2005-2013 (0oR: 1.51;95% cr1: 1.22 to 1.85), with lesser
use in older patients (or: 0.94; 95% cr1: 0.93 to —0.95). An
increased odds of chemotherapy use was also observed for
patientsreceiving bone-targeted therapy (or: 1.94;95% cr:
1.63 to 2.31) and for those living near a radiation oncology
centre (or: 1.56; 95% c1: 1.26 to 1.93). Moreover, a lesser
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= 68F . 561
‘< 627
59

2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013

Year of death

------ chemotherapy DIrEtErone e bone-targeted therspy == = pallative radiston == + «AAs

FIGURE 2 Time trends of the use, in Quebec, of contemporary treat-
ments in the management of metastatic castration-resistant prostate
cancer, by age at death. AAs = antiandrogens.

use of chemotherapy was observed for patients receiving
palliative rT (oR: 0.64; 95% cr1: 0.54 to 0.77).

Similar results were observed when evaluating the
probability of the use of bone-targeted therapy (Table 111):
the probability of receiving that therapy increased for
patients who died during 2005-2013 (or: 1.97; 95% cr1: 1.64
to 2.37) and for patients who received chemotherapy (or:
1.93;95% cr1: 1.62 to 2.29), and decreased for older patients
(0R: 0.98; 95% cr1: 0.97 to 0.99) and for those who received
palliative rT (OR: 0.84; 95% c1: 0.71 to 0.98).

Table 1v presents the results for factors associated with
the probability of the use of palliative rT. Older age (Or: 0.96;
95% cr1: 0.95 to 0.97) was again a factor associated with a
decreased probability of receiving palliative rT. Further-
more, patients who received chemotherapy (or: 0.64; 95%
c1: 0.53 to 0.77) or bone-targeted therapy (or: 0.83;95% cr:
0.71 to 0.98) had a lesser probability of receiving palliative
RT. Proximity to aradiation oncology centre was associated
with an increased probability of receiving palliative rT
(or: 1.19; 95% cr1: 1.00 to 1.41).

In addition, a tendency of alesser probability of receiv-
ing chemotherapy, bone-targeted therapy, or palliative RT
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TABLE Il Factors associated with the probability of chemotherapy use

Covariable Analysis
Univariate Multivariate
OR 95% CI OR 95% CI
Age at death 0.94 093t00.95 0.94 0.93t00.95
Death after 2005 148 122t01.79 151 122to1.85
Bone-targeted therapy 222 1.881t02.62 1.94 1.63102.31
Palliative radiation therapy  0.74 0.63 t0 0.88 0.64 0.54t0 0.77
Rural residence 1.11 0.92t01.35 1.13 0.99to 1.40
Proximity to radiation 135 1.11to1.64 1.56 1.26t01.93
oncology centre

Comorbidities?

Diabetes 1.08 0.88t0o1.33 0.97 0.78to 1.21

Dyslipidemia 1.28 1.08to1.51T 1.13 0.93to1.38

Hypertension 1.05 0.88to1.24 1.18 0.96to 1.45

Coronary artery disease 0.90 0.75t01.09 1.00 0.80to 1.26
Chronic heart failure 0.66 0.50t00.89 0.79 0.56t01.10
Cerebrovascular disease 0.96 0.64t01.42 1.16 0.76t0 1.77
Arrhythmia 0.71 0.56t00.90 0.87 0.67 to 1.14

2 Comorbidities were registered in the 3rd year preceding death us-
ing diagnostics or treatment for chronic diseases [diabetes: ICD-9
code 250 or use of insulin or hypoglycemic agents; dyslipidemia:
ICD-9 code 272 or use of lipid-lowering drugs; hypertension: ICD-
9 codes 401-404 or use of thiazides or angiotensin converting-
enzyme inhibitors (without furosemide, calcium channel blockers,
or beta blockers), and without other markers of coronary artery
disease], cardiovascular events [coronary artery disease: ICD-9
codes 410-414, ICD-10 codes 122-125, a medical procedure
(coronary artery bypass grafting, angiography, or angioplasty) or use
of oral nitrate; cerebrovascular disease: ICD-9 codes 430-438 or
medical procedures; chronic heart failure: ICD-9 codes 398.91, 402,
and 428, or a prescription for furosemide with digoxin, angiotensin
converting-enzyme inhibitor, spironolactone, or beta blockers; ar-
rhythmia: diagnosis (ICD-9 codes 426-427), a medical procedure
using a pacemaker, and the use of drugs for cardiac arrhythmias
(amiodarone, digoxin, quinidine, disopyramide, flecainide, mexi-
letine, procainamide, propafenone, or sotalol)]3°.

OR = odds ratio; Cl = confidence interval; ICD = International

Classification of Diseases (version 9 or 10).

was associated with some cardiovascular risk factors, al-
though those probabilities were not statistically significant.
Moreover, when year of death was considered, comparing
each year individually (2001-2012) with a year of death of
2013, the calculated ors confirmed the trends observed in
univariate analysis (Figure 2, data not shown).

DISCUSSION

In the present study, we evaluated real-life cRpc manage-
ment patterns and trends in a population-based cohort of
patients dying from pca during 2001-2013 in Quebec. More
than 8in 10 patients (82.7%) received atleast 1 of the crpc-
specific treatments, with almost all of them receiving an
AAin the last 2-3 years of life.

Chemotherapy was the least-prescribed crpc treat-
ment and was limited to a small percentage of men even

TABLE Il Factors associated with the probability of bone-targeted
therapy utilization

Covariable Analysis
Univariate Multivariate
OR 95% ClI OR  95%Cl
Age at death 098 0.97t00.98 0.98 0.97 to 0.99
Death after 2005 2.06 1.73t02.25 197 1.64t02.37
Chemotherapy 222 1.88t02.62 193 1.62t02.29
Palliative radiation therapy 0.84 0.731t00.98 0.84 0.711t00.98
Rural residence 1.03 0.86t01.22 094 0.78t01.13
Proximity to radiation 092 0.78t01.08 0.88 0.74to 1.06
oncology centre

Comorbidities?

Diabetes 1.18 0.98to1.42 1.07 0.88to1.31

Dyslipidemia 145 125t01.68 133 1.12t01.59

Hypertension 1.07 091to1.25 1.03 0.96to1.23

Coronary artery disease 0.86 0.73t01.02 0.83 0.68 to 1.01
Chronic heart failure  0.79 0.62t01.01 094 0.71to 1.24
Cerebrovascular disease 0.72 0.49to 1.04 0.77 0.52to1.14
Arrhythmia 0.77 0.63t00.95 0.87 0.69to 1.09

Comorbidities were registered in the 3rd year preceding death us-
ing diagnostics or treatment for chronic diseases [diabetes: ICD-9
code 250 or use of insulin or hypoglycemic agents; dyslipidemia:
ICD-9 code 272 or use of lipid-lowering drugs; hypertension: ICD-
9 codes 401-404 or use of thiazides or angiotensin converting-
enzyme inhibitors (without furosemide, calcium channel blockers,
or beta blockers), and without other markers of coronary artery
disease], cardiovascular events [coronary artery disease: ICD-9
codes 410-414, ICD-10 codes 122-125, a medical procedure
(coronary artery bypass grafting, angiography, or angioplasty) or use
of oral nitrate; cerebrovascular disease: ICD-9 codes 430-438 or
medical procedures; chronic heart failure: ICD-9 codes 398.91, 402,
and 428, or a prescription for furosemide with digoxin, angiotensin
converting-enzyme inhibitor, spironolactone, or beta blockers; ar-
rhythmia: diagnosis (ICD-9 codes 426-427), a medical procedure
using a pacemaker, and the use of drugs for cardiac arrhythmias
(amiodarone, digoxin, quinidine, disopyramide, flecainide, mexi-
letine, procainamide, propafenone, or sotalol)]3°.

OR = odds ratio; Cl = confidence interval; ICD = International
Classification of Diseases (version 9 or 10).

in the docetaxel era. Other real-world studies have shown
similar patterns, with secondary hormonal therapy being
largely used as the only therapeutic intervention during
the mcrec period*?-#2, Chemotherapywas prescribed more
frequently in younger patients; all other crpc treatments
showed a smaller variation with age.

Overall, abiraterone use was modest, given that it was
available onlyin thelast2 years of the study. However, once
abiraterone became available, its use increased quickly and
significantly. The greater use of abiraterone in patientsless
than 65 years of age might be explained by the fact that,
during the study period, the drug was approved for use
only after docetaxel.

As with chemotherapy, bone-targeted therapy and
palliative rT were least used in patients 80 years of age and
older. That finding accords with results from other studies
suggesting alesser use of palliative Rt in older patients*344,
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TABLEIV  Factors associated with the probability of the use of palliative
radiation therapy

Covariable Analysis
Univariate Multivariate
OR 95% Cl OR 95% CI
Age at death 0.96 0.95t00.97 0.96 0.951t00.97
Death after 2005 0.79 0.67t00.92 0.88 0.74to 1.04
Bone-targeted therapy 0.84 0.73t00.98 0.83 0.711t00.98
Chemotherapy 0.74 0.63t00.88 0.64 0.53t00.77
Rural residence 1.06 0.89t01.26 1.05 0.87to 1.25
Proximity to radiation 1.10 0.93t01.30 1.19 1.00to 1.41
oncology centre

Comorbidities?

Diabetes 1.07 0.89t01.28 1.03 0.85to0 1.24

Dyslipidemia 1.11 0.96t0o1.28 1.17 0.98to 1.39

Hypertension 1.02 0.88t01.19 1.14 0.96to 1.36

Coronary artery disease  0.95 0.81to1.11 0.96 0.79to 1.17
Chronic heart failure 0.86 0.68t01.08 0.96 0.74t0 1.26
Cerebrovascular disease  0.78 0.55t01.11 0.82 0.57to 1.18
Arrhythmia 0.76 0.63t00.93 0.83 0.66to 1.03

2 Comorbidities were registered in the 3rd year preceding death us-
ing diagnostics or treatment for chronic diseases [diabetes: ICD-9
code 250 or use of insulin or hypoglycemic agents; dyslipidemia:
ICD-9 code 272 or use of lipid-lowering drugs; hypertension: ICD-
9 codes 401-404 or use of thiazides or angiotensin converting-
enzyme inhibitors (without furosemide, calcium channel blockers,
or beta blockers), and without other markers of coronary artery
disease], cardiovascular events [coronary artery disease: ICD-9
codes 410-414, ICD-10 codes 122-125, a medical procedure
(coronary artery bypass grafting, angiography, or angioplasty) or use
of oral nitrate; cerebrovascular disease: ICD-9 codes 430-438 or
medical procedures; chronic heart failure: ICD-9 codes 398.91, 402,
and 428, or a prescription for furosemide with digoxin, angiotensin
converting-enzyme inhibitor, spironolactone, or beta blockers; ar-
rhythmia: diagnosis (ICD-9 codes 426-427), a medical procedure
using a pacemaker, and the use of drugs for cardiac arrhythmias
(amiodarone, digoxin, quinidine, disopyramide, flecainide, mexi-
letine, procainamide, propafenone, or sotalol)]3°.

OR = odds ratio; Cl = confidence interval; ICD = International

Classification of Diseases (version 9 or 10).

The use of chemotherapy also varied considerably accord-
ingto age atdeath in our cohort: patientsless than 65 years
ofage, compared with those 80 years of age and older, were
2-3 times more likely to receive chemotherapy. The Ameri-
can and Canadian Urological Association guidelines rec-
ommend docetaxel chemotherapy only for mcrpc patients
with a good performance status?®?”. Despite the fact that
aging is known to increase the risk of comorbidities that
couldinfluence a patient’s performance status, chronologic
age seems to have played a role in decision-making and
therapy selection in our cohort, more so than the pres-
ence of comorbidities. Likewise, Lissbrant et al.?® recently
reported that, compared with their younger counterparts,
elderly patients were less likely to receive chemotherapy
whenreaching crpc. Another study revealed achemotherapy
rate of 45.4% in patients with bone metastasis secondary
to pca during the 2003-2011 period in the United States*®.

In Canada in 2004, after a randomized controlled
trial?>46had demonstrated a 2.4-month survival increment
and reduced disease-related burden, docetaxel-based
chemotherapy was approved to replace the standard
cytotoxic therapy with mitoxantrone. Use of chemotherapy
showed an upward trend after 2005, with a peak in 2009,
which could be explained by a slow uptake of docetaxel.
On average, chemotherapy use remained lowin our cohort,
with an overall penetrance of less than 25%), similar to
usage rates reported in other observational studies?42542,
The high proportion of patients more than 75 years of age
in our population could partly explain the low rate of
chemotherapy use overall.

After publication of the results of the cou-aa-301
study?®?, abiraterone was approved for use in the post-
docetaxel setting in 2012. The introduction of abiraterone
immediately affected treatment patterns in mcrpc, with
a high uptake after reimbursement approval. In 2012,
abiraterone use had already surpassed the use of chemo-
therapy, the only other therapy offering a survival benefit
during the study period. Abiraterone use is expected to
continue to rise, given that it was later approved (in 2014)
for docetaxel-naive patients progressing after AbT. More-
over, compared with chemotherapy agents, abiraterone
is associated with fewer high-grade adverse events3. The
availability of newer therapies such as enzalutamide and
radium-223, which offer a similar overall survival benefit
and a moderate toxicity profile, could change that trend.

The multivariate analyses confirmed that the prob-
ability of chemotherapy use was associated with age at
death, period of death (2001-2005 vs. 2005-2013), proximity
to a radiation oncology centre, and use of bone-targeted
therapy and palliative rr. Similarly, the probability of
receiving bone-targeted therapy was associated with age
at death, period of death (2001-2005 vs. 2005-2013), and
use of chemotherapy and palliative rT. The probability of
palliative rRT use was associated with age at death and with
use of chemotherapy and bone-targeted therapy.

Our population-based study possesses some limita-
tions inherent in analyses of administrative databases.
First, our databases do not provide detailed clinical and
pathologicinformation. Therefore, the use of crpc-specific
treatments was used to identify patients with advanced
pca who ultimately reached crpc and died of pca. Con-
sequently, some patients not treated with those specific
treatments might have been omitted from the cohort.
To account for that possibility, cause of death was used
to select additional patients with a record of pca-related
death. Given that a diagnostic code is not mandatory in
the databases, the number of patients dying of pca might
be underestimated because some patients might not have
received crpc-specific treatments, and for some of them,
cause of death might have been missing or inaccurately
specified. If patients were missed, CRPC treatment use in our
cohort could have been overestimated, and the actual use
of such treatments might be even smaller than estimated.
Additionally, patients not having received crpc-specific
treatments might have died from pca without reaching
the crpc phase (and thus being ineligible for some crpc
therapies such as chemotherapy or abiraterone). Second,
some patients selected into the cohort, albeit quite a small
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number, might have died from other causes. Third, the
pharmaceutical database does not include information
about hospital-administered drugs, and therefore no
analysis for the type of chemotherapeutic drug admin-
istered was possible. In our analyses, we assumed that
a chemotherapy administration code in the period after
2005 indicated the use of docetaxel; conversely, achemo-
therapy code before 2005 was assumed to indicate use
of mitoxantrone. Additionally, patients could have par-
ticipated in clinical trials or received treatments through
special access programs before those treatments became
publicly approved or available. Access to treatments in
such settings is not captured in the RaAMQ administra-
tive databases. The result might be an underestimate of
their use in the period before public reimbursement, and
consequently, their overall use. Finally, enzalutamide
was publically funded in 2014, and it likely contributed
to additional changes in mcrpc management that were
not captured in the present study.

CONCLUSIONS

Patient age seems to be a strong determinant for the use of
mcrpc therapy, with elderly patients being less likely to be
given such therapy. The time period was also animportant
factor for mcrrc treatment use—with the introduction of
bone-targeted therapy, post-docetaxel abiraterone, and to
a lesser extent, docetaxel—affecting treatment use. The
availability of post-docetaxel enzalutamide since February
2014 will likely cause additional changes in mcrpc man-
agement. Surprisingly, the use of life-prolonging chemo-
therapy is still limited to a small proportion of patients,
showing only a modest increase after the introduction
of docetaxel, despite universal availability throughout
the province. The availability of abiraterone (since 2014)
and enzalutamide (since 2016) for chemotherapy-naive
patients is very significant, because it will likely increase
the overall use of cancer therapies in men dying of pca,
and particularly in older patients or those ineligible for
chemotherapy. An important area of research will be to
examine the effectiveness and cost-effectiveness of the
new treatments in routine clinical practice.
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