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ABSTRACT

Background Currently in Canada, several bone-targeted agents (btas) with varying characteristics are available 
for the prevention of skeletal-related events (sres) in patients with bone metastasis secondary to solid tumours. In the 
present study, we evaluated the preferences of physicians in Canada for the various attributes of the available btas.

Methods Physicians treating patients with bone metastasis from solid tumours were invited to complete an online 
discrete-choice experiment. Respondents were asked to choose between pairs of hypothetical medications for virtual 
patients. Each hypothetical medication was described based on predefined key attributes: time until first sre, time 
until worsening of pain, medication-related annual risk of osteonecrosis of the jaw (onj), medication-related annual 
risk of renal impairment, and mode of administration. A random-parameters logit model was used to analyze the 
choices between hypothetical medications and thus infer physician preferences for medication attributes.

Results Responses from the 200 physicians who completed the discrete-choice experiment suggested that months 
until first sre, risk of renal impairment, and months until worsening of pain were considered the most important 
attributes affecting choice of bta. The annual risk of onj was considered the least important attribute.

Conclusions When making treatment decisions about the choice of bta for patients with bone metastasis from solid 
tumours, delaying sres and worsening of pain, and reducing the risk of renal impairment are primary considerations 
for physicians in Canada.
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INTRODUCTION

Historically, nearly half of the more than 140,000 new 
cases of cancer diagnosed annually in Canada metas-
tasize to bone1. Approximately 70% of breast cancers, 
80% –90% of prostate cancers, and 30% –40% of lung 
and other solid tumours can progress to metastatic 
bone disease2,3. Bone metastases often lead patients 
to experience bone complications—also know n as 
skeletal-related events (sres)—that include patholog-
ic fractures, spinal cord compression, and a need for 
surgery or radiation to bone4,5. In more than half these 
patients, bone complications can result in severe pain6, 
impaired mobility, increased morbidity and mortality, 
reduced health-related quality of life2,7,8, and increased 
health care costs9,10.

Before the approval of denosumab, treatment op-
tions for bone metastases from solid tumours in Canada 

were limited to bisphosphonates, with zoledronic acid 
and pamidronic acid being the ones most used. In 2011, 
denosumab was approved in Canada for reducing the risk 
of sres in patients with solid tumours and bone metasta-
sis. The approval was based on demonstrated superiority, 
in three large randomized clinical trials that compared 
denosumab with zoledronic acid, for delaying first onset of 
sres11–14. However, efficacy might not be the only treatment 
characteristic considered during a physician’s decision-
making process; a medication’s safety profile (that is, 
adverse events) and mode of administration can also play 
an important role. Descriptions of practice patterns at 
national and regional levels indicate variations in the use 
of bone-targeted agents (btas) that do not reflect current 
clinical evidence about treatments for bone metastases15 
and support the idea that physicians incorporate their 
own views about the current clinical evidence—and other 
considerations—into their prescribing decisions.
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Published guidelines (that is, those from the U.S. 
National Comprehensive Cancer Network, the American 
Society of Clinical Oncology, and the Canadian Urological 
Association) present various options for bone health in the 
setting of solid tumours. Recommendations in those guide-
lines, supported by pivotal clinical phase iii trials, are based 
on the primary outcome measure of reduction or delay in 
first or subsequent sres. As such, they fail to outline how 
to incorporate other important treatment characteristics 
into the decision-making process for individual patients.

The objectives of the present study were to evaluate 
physician preferences for attributes of btas used to delay 
sres in patients with bone metastasis from solid tumours, 
and to understand how physicians in Canada evaluate in-
formation about btas when making prescribing decisions. 
Although currently available btas are associated with risks 
of serious adverse events, determining physician perspec-
tives on the acceptability of those risks for the potential 
benefits that their patients could receive is important. 
Results from the present study could shed light on the 
attributes that drive the decision to prescribe btas and on 
the levels of efficacy and treatment toxicity that physicians 
in Canada consider acceptable for such treatments.

METHODS

Study Population
To be eligible to complete the choice experiment, respon-
dents had to be physicians involved in treating patients 
with bone metastasis from solid tumours in Canada. Mem-
bers of online panels in Canada were invited by postal mail, 
fax, telephone, and e-mail to complete an online screener 
that would help a survey research company confirm that 
they met the study inclusion criteria. Only verified physi-
cians were invited to complete the online discrete-choice 
experiment. All respondents provided informed consent.

Survey Instrument
An online discrete-choice instrument was developed 
for the study following good research practices16. Dis-
crete-choice experiments, also known as choice-format 
conjoint analyses, are a common approach for assessing 
trade-off preferences for health interventions17–19. The 
method represents a rigorous way to collect evidence 
about preferences for aspects of medications by eliciting 
choices between hypothetical medication options with 
systematic differences in their attributes. In the present 
study, the hypothetical medication options were defined 
by their efficacy, safety, and administration requirements 
(“medication attributes”). Other potentially important 
aspects associated with treatment accessibility (such as 
drug and associated administration costs) were considered 
beyond the scope of the study because they were assumed 
to be influenced mostly by provincial funding formularies 
and clinical infrastructure rather than by variations in the 
features inherent to btas. For the study, each hypothetical 
medication could assume one of several attribute levels 
representing the degree to which the medication performed 
with respect to the associated attribute.

After a review of the prescribing information for the 
currently approved products, consultations with clinical 

experts, and in-person interviews with 15 oncology patients 
in the United States, 5 bta medication attributes were 
selected (Table i). Levels were defined for each attribute 
based on clinical evidence and prescribing information 
for the currently available btas.

An overview of the medication attributes was provided 
to study respondents before they started the discrete-
choice experiment. Descriptions of the attributes were 
taken from the prescribing information for the available 
btas20–23. In the case of time until first sre, physicians were 
told that this attribute referred to the time elapsed from the 
moment a patient started taking a bta to the moment that a 
need for radiation or surgery to bone was identified or that 
the patient experienced a pathologic fracture or spinal cord 
compression. No further information was provided about 
the specific events that a patient would experience after 
taking any of the hypothetical medications. The informa-
tion thus provided was consistent with the available clinical 
trial evidence comparing the efficacy of btas.

Basic demographic data were collected from respon-
dents, together with information about their experience 
treating patients with bone metastasis. The clarity and ac-
curacy of the attribute definitions, background questions, 
and questions eliciting choices between the hypothetical 
medications were tested during semistructured in-person 
interviews with 8 physicians in the United States. During 
the interviews, the salience of the included medication 
attributes and the willingness of the physicians to make 
trade-offs between the medication attributes in the choice 
questions were also tested. The instrument with the choice 
experiments was finalized after the in-person interviews 

TABLE I Medication attributes and levels for the choice questions

Time until first skeletal-related event
 n 28 Months
 n 18 Months
 n 10 Months

Time until a 2-point increase in pain on the BPI 
(“time until worsening of pain”)

 n 10 Months

 n 6 Months

 n 3 Months

Risk of osteonecrosis of the jaw each year
 n None
 n 1 in 100 (1%)
 n 5 in 100 (5%)

Risk of a 0.5 mg/dL increase in baseline creatinine each year 
(“risk of renal impairment each year”)

 n None
 n 4 in 100 (4%)
 n 10 in 100 (10%)

Mode of administration and frequency 
(“mode of administration”)

 n Daily oral tablet
 n Injection every 4 weeks
 n 15-Minute infusion every 4 weeks
 n 120-Minute infusion every 4 weeks

BPI = Brief Pain Inventory.
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were completed; an updated instrument was programmed 
for online administration.

Each respondent was asked to answer choice questions 
involving pairs of hypothetical medications with different 
profiles (Figure 1) determined by an experimental design 
with known statistical properties. The experimental design 
defined the combinations of attribute levels associated with 
the medication profiles in the choice questions. The design 
generated 40 unbranded profile pairs and was developed 
using the SAS software application (version 9.3: SAS Insti-
tute, Cary, NC, U.S.A.), based on main-effects D-efficiency 
criteria24,25 consistent with good research practices26. Re-
spondents were randomly assigned to 1 of 4 survey versions, 
each with 10 choice questions. To avoid order effects, the 
order of the choice questions within the survey versions was 
also randomized across respondents. Two profiles describ-
ing the characteristics of a typical breast cancer patient and 
a typical prostate cancer patient were provided (Table ii), 
and respondents were asked to evaluate the hypothetical 
medications for each of those patients.

Analyses
A random-parameters logit (rpl) model developed using 
the nlogit software application (version 5.0: Econometric 
Software, Plainview, NY, U.S.A.) was used to quantify the 

trade-off preferences demonstrated by the physicians. An 
rpl regression model relates the likelihood of choosing a 
medication to its attributes and attribute levels26,27. Results 
from the rpl model are sometimes called “preference 
weights” and can be interpreted as parameters character-
izing the relative preferences of respondents for medication 
attribute levels. The rpl model controls for preference het-
erogeneity across respondents by estimating a distribution 
of preferences for each preference parameter, estimating a 
mean preference parameter, and accounting for the panel 
nature of the dataset28,29.

Relative-importance weights of attributes were cal-
culated as the difference between the mean preference 
weights for the most and least preferred levels of an attri-
bute. Importance weights can be interpreted as the overall 
relative importance of the attributes for the outcome range 
presented in the choice questions27.

Predicted choice probabilities (pcps) were also cal-
culated using the rpl model results. The pcps predict the 
percentage of respondents who would select a medication 
profile with specific attribute levels from a set of medica-
tion profiles, each with a given set of attribute levels. They 
provide a way to understand physician preferences for 
combinations of attribute levels that are similar to available 
btas. Our study estimated pcps for medications similar to 
currently available btas by using the preference weights 
for attribute levels in products with characteristics similar 
to those of denosumab, zoledronic acid, clodronate, and 
pamidronate (Table iii). It is important to note that, al-
though the choice questions presented to physicians did 
not directly show profiles representing currently available 
medications, the pcps for currently available products can 
be calculated using the preference weights for the attribute 

FIGURE 1 Example choice question: Patient 1—A 57-year-old 
woman who was diagnosed with breast cancer and developed bone 
metastases along with 2 cm mediastinal and supraclavicular adenopathy 
3 years after her initial diagnosis. She initially received TC adjuvant 
chemotherapy. The tumour is ER/PR positive and HER2-negative. She 
was on an adjuvant aromatase inhibitor at the time of her relapse. Her 
recurrence was noted by examination identifying the supraclavicular 
adenopathy. On further questioning, she admits to increasing mid-
back (thoracic area) pain, which she rates as a 4 on a scale of 0 to 
10. The patient’s health is otherwise good (high performance status) 
with no history of kidney disease and no significant comorbidities. 
TC = docetaxel with cyclophosphamide; ER = estrogen receptor; 
PR = progesterone receptor; HER2 = human epidermal growth factor 
receptor 2; SRE = skeletal-related event; BPI = Brief Pain Inventory; 
ONJ = osteonecrosis of the jaw.

TABLE II Patient profiles

Profile 1 A 57-year-old woman who was diagnosed with breast 
cancer and developed bone metastases along with 2-cm 
mediastinal and supraclavicular adenopathy 3 years after 
her initial diagnosis. She initially received TC adjuvant 
chemotherapy. The tumour is ER/PR positive and HER2 
negative. She was on an adjuvant aromatase inhibitor 
at the time of her relapse. Her recurrence was noted by 
examination identifying the supraclavicular adenopathy. 
On further questioning she admits to increasing mid back 
(thoracic area) pain, which she rates as a 4 on a scale 
of 0 to 10. The patient’s health is otherwise good (high 
performance status) with no history of kidney disease and 
no significant comorbidities.

Profile 2 A 71-year-old man who was initially diagnosed with 
Gleason 8–10 prostate cancer 3 years ago. He is now 
castration-resistant and has developed bone metastases. 
His PSA level is > 10. He is complaining of left hip 
pain when he walks and low back pain if he sits too 
long, which he rates as a 4 on a scale from 0 to 10. The 
patient’s health is otherwise good (high performance 
status) with no history of kidney disease and no significant 
comorbidities.

TC = docetaxel/cyclophosphamide; ER/PR = estrogen receptor/
progesterone receptor; HER2 = human epidermal growth receptor 2; 
PSA = prostate-specific antigen.
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levels in the study that were consistent with those products. 
The calculation of the pcps did not account for market 
conditions such as real-world availability of medication 
substitutes or differences in the information about btas 
and bta outcomes that physicians might take into account 
when making prescribing decisions.

RESULTS

Physician Characteristics
Invitations to participate were extended to 3792 physicians 
in Canada currently treating patients with bone metasta-
ses, and 426 (11.2%) responded to the invitation. Of those 
respondents, 318 (74.6%) were eligible to participate. Of 
eligible respondents, 316 (99.4%) consented to participate, 
and 205 (64.5%) completed the survey by answering at least 
1 choice question. In the choice questions, 5 participants 
always chose the same answer, Medication A or Medication 
B, suggesting a lack of attention to the medication profiles 
in the questions. Those respondents were excluded from 
the analysis. The final sample included 200 physicians.

Table iv reports the baseline characteristics of the final 
sample. Nearly 75% of the physicians had at least 10 years 
of experience since completing medical training, 57% re-
ported practicing in an academic or teaching hospital, and 
approximately 58% were oncologists. More than one third 
of the group reported treating 11 or more patients with bone 
metastases from solid tumours each week.

Preference Weights
Figure 2 presents the estimated preference weights for 
all the attribute levels included in the study. Because the 
weights represent relative preferences, they cannot be in-
terpreted in isolation, but only relative to other preference 
weights within each attribute. Attribute levels associated 
with higher weights are preferred over attribute levels with 
lower weights.

The vertical bars around each preference weight in-
dicate the 95% confidence interval (ci) around the mean 
estimate. If the cis for any two levels in an attribute do not 

overlap, the mean estimates are statistically significantly 
different from each other at the 5% level of significance. 
However, overlapping cis do not necessarily imply that 
the estimated preferences at two levels within an attribute 
are not statistically significant at the 5% confidence level.

Preference weights for all the attribute levels were 
consistent with the expectation that better clinical out-
comes are preferred to worse clinical outcomes. Although 

TABLE III Product profiles

Attribute Characteristics similar to those of

Denosumab20 Zoledronic acid21 Clodronate22 Pamidronate23

Time until first SRE (months) 27.7 19.5 15–20 10.9
(assumed 17.5)

Time until worsening of pain (months) 5.9 5.6 3 0.03 to several
(assumed 3)

Risk of ONJ each year (%) 1.8 1.3 Yes, but value not stated Yes, but value not stated
(assumed 1) (assumed 1)

Risk of renal impairment each year (%) 0 9.3 Yes, but 8.1
value not stated

(assumed 5)

Mode of administration Injection every 15-Minute infusion Daily oral tablet 120-Minute infusion
4 weeks every 4 weeks every 4 weeks

SRE = skeletal-related event; ONJ = osteonecrosis of the jaw.

TABLE IV Baseline characteristics of respondents

Characteristic Frequency [n (% of 200a)]

Age group
26–45 Years 88 (44.0)

≥46 Years 112 (56.0)

Duration in practice since 
 completion of medical training

1–6 Years 30 (15)
7–15 Years 71 (35.5)

≥16 Years 99 (49.5)

Practice typeb

General 39 (19.5)
Academic or teaching hospital 114 (57.0)
Community hospital 56 (28.0)
Other 7 (3.5)

Area of specialization
Primary care 7 (3.5)
Family medicine 34 (17.0)
Oncology 115 (57.5)
Other 44 (22.0)

Patients with bone metastases from solid 
 tumours treated each week (average)

≤10 127 (63.5)

>10 73 (36.5)

a Percentages exclude missing values.
b Multiple options could be selected, if applicable.
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administration options were not defined solely based on the 
time required to administer the medication, more efficient 
administration options were preferred to options requiring 
a longer time for administration. Differences in the prefer-
ence estimates were statistically significant (p < 0.05) for 
all levels of the attributes time until first sre, time until 
worsening of pain, risk of renal impairment each year, and 
mode of administration. The difference in the preference 
estimates for no risk and a 1% risk of onj was not statistically 
significant (p > 0.05); it did reach significance for an annual 
risk of 5%. Exploratory analyses did not reveal differences 
in preferences depending on physician specialty, type of 
practice, or experience (p > 0.05).

Relative Importance
The overall relative importance of attributes corresponded 
with the specific ranges of attribute levels presented in 
the choice questions27. In terms of relative importance for 
choice of a bta, physicians in Canada ranked the attributes 
as follows (in decreasing order):

 n Time until first sre
 n Annual risk of renal impairment
 n Time until worsening of pain
 n Mode of administration
 n Annual risk of onj

Predicted Choice Probabilities
Table v presents the predicted likelihood (pcp) that the 
surveyed physicians would choose each one of the drug 

profiles describing currently available medications, as-
suming that all the medication options were available to 
them. Based on the preference weights for the attributes 
and levels included in the choice questions, it was esti-
mated that approximately 93% of physicians would prefer 
a medication with characteristics similar to denosumab 
over medications with characteristics similar to those of 
zoledronic acid, clodronate, or pamidronate. Differences 
between the likelihoods of choosing denosumab and of 
choosing other btas were statistically significant (p < 0.01).

DISCUSSION

Our findings suggest that physicians in Canada have 
well-defined preferences for attributes of btas and seem to 
consider mainly efficacy and safety when making prescrib-
ing decisions for patients with bone metastasis from solid 
tumours. In general, physicians who completed the survey 
seemed most concerned about delaying sres and reducing 
the risk of medication-related renal impairment. That 
result suggests that diminishing the risk of medication-re-
lated renal impairment was perceived by physicians in our 
sample to be more beneficial to patients than delaying pain 
using btas. It also suggests that the trade-offs between the 
efficacy and safety features of btas are not simplistic and 
vary depending on the type of benefit and risk evaluated.

In our study, the risk of onj was the attribute given 
the least importance by respondents, suggesting that the 
surveyed physicians were willing to accept increases in 
the level of that risk in exchange for improvements in any 
of the two treatment efficacy measures considered in the 
study. That result might be attributable to the inclusion of 
an onj risk range that was not salient to physicians relative 
to the other treatment attributes that they were asked to 
consider (despite its being a clinically relevant range). The 
result might also reflect an increased understanding on the 
part of the physicians about dental health management 
to reduce the medication-related risk of onj. Some recent 
publications include suggestions for new therapeutic 
approaches based on minimally invasive surgery, patient 
education, and proactive monitoring, thus showing that 
physicians in clinical practice accept the risk of onj and 
manage it during treatment with btas30–32.

The medication administration options for btas were 
a salient attribute for physicians. Although the options 
for medication administration were not defined solely on 
speed of administration, statistical significance across 
the various levels of that attribute suggests that a more 

FIGURE 2 Preference weights. The vertical bars surrounding each 
mean preference weight denote the 95% confidence interval (CI) for 
the point estimate; if the CIs for adjacent levels in a particular attribute 
do not overlap, the mean estimates for those levels are statistically 
different at the 5% level of significance. However, overlapping CIs 
do not necessarily imply a lack of statistical significance in the differ-
ences between preference weights within an attribute at the 5% level 
of significance. BPI = Brief Pain Inventory; ONJ = osteonecrosis of the 
jaw; SRE = skeletal-related event.

TABLE V Predicted choice probabilities

Characteristics similar to ... Prediction

Mean 95% CI

Denosumab 93.4 88.4 to 96.2

Zoledronic acid 2.7 1.3 to 5.2

Clodronate 3.7 2.0 to 6.7

Pamidronate 0.2 0.1 to 0.5

CI = confidence interval.
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efficient mode of bta administration is a desirable aspect 
of this attribute.

Overall, the findings in the study appear to be con-
sistent with results from similar preference-elicitation 
studies among physicians in the United States33 and 
Europe34,35, for whom both efficacy and a reduced risk of 
renal impairment represented the primary goals in their 
decision-making process.

Preference results in the present study shed light on 
current discussions among physicians in Canada about 
btas and outcomes of btas. The fact that physicians had 
well-defined preferences for efficacy and safety outcomes 
is not surprising. Given that btas are supportive in nature, 
the results speak to an interest in controlling the advance 
of the disease, while managing the treatment-related risks 
that affect quality of life for patients. Also, physicians in 
Canada face challenges of limited resources and limiting 
geography; thus, the relative preference for more efficient 
and simplified administration could reflect how physicians 
in Canada manage those demands and restrictions.

Additionally, unlike current treatment guidelines, 
the preference results suggest that physicians have well-
defined preferences for the attributes of currently available 
therapies and make their prescribing decisions based on 
several bta attributes. Among those attributes, physicians 
see a hierarchy of importance for clinical practice and 
supportive care that suggests a prioritization for preserv-
ing quality of life for patients with incurable malignancies. 
Based on physician desire to delay the symptoms of sres, 
manage the annual risk of renal impairment usually as-
sociated with the use of bisphosphonates, and prevent the 
worsening of pain, the pcp calculations show a physician 
preference for a hypothetical treatment profile whose at-
tributes are similar to those of denosumab.

Several limitations of our study are worth noting. 
First, the decisions recorded in the discrete-choice 
experiment obviously do not have the same clinical 
and emotional consequences as real-world prescribing 
choices. Thus, physicians might, in reality, make different 
medication decisions based on prescribing aspects not 
explicitly captured in the study design. Also, the sam-
pling process was not designed or weighted to ensure 
that the sample represented the population of Canadian 
physicians treating patients with bone metastases from 
solid tumours. Although we did not find statistically 
significant differences in the preferences of respondents 
with different specialties, types of practice, or levels of 
experience, it is possible that the lack of significance is 
attributable to a limited number of observations in any 
one of the subgroups defined for the comparisons. With-
out formal stratification of the sample at the time of data 
collection, the number of respondents in each subgroup is 
entirely determined by the natural variation of physician 
characteristics among those who agreed to participate 
in the study. Finally, we did not consider dosing options 
beyond those included in the prescribing information 
available for each bta. We recognize that varying intervals 
in the administration of therapies is an option for some 
patients. However, the literature concerning this topic is 
heterogeneous and evolving, and not part of the standard 
of care in Canadian centres.

Our study is the first to look at physician preferences 
for attributes of btas in Canada. Our results highlight that 
physicians in Canada are willing to accept trade-offs in 
the attributes of btas and to provide information about 
the trade-offs that they consider worthwhile for their 
patients. This information can help to characterize the 
medication decisions that physicians make for patients 
with metastatic bone disease, considering the Canadian 
health care context.

CONCLUSIONS

When making medication decisions about the choice of a 
bta for patients with bone metastasis secondary to solid 
tumours, the primary considerations for physicians in 
Canada are delaying the onset of sres, managing the risk 
of renal impairment, and preventing worsening of pain. 
Despite reacting to all the side effects included in the study, 
physicians were least concerned by the risk of onj and 
were willing to accept increases in the level of that risk for 
improvements in treatment efficacy. In addition to clinical 
considerations, physicians in Canada have well-defined 
preferences for practical medication considerations—
namely, the medication’s mode of administration.
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