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Abstract  Samarium Sm-153 Lexidronam Inject ion (Samarium-153) is used to treat bone pain that results when cancer 
spreads to the bone. It has been on the market since 1997 but still is not funded by any one of the 10 p rovincial cancer care 
authorities in Canada. The only cost-effectiveness study using randomized control trial data of Samarium-153 for pain relief 
in patients with bone metastases clearly demonstrated that Samarium-153 was a dominant therapy. At the time of writ ing, the 
product cost of Samarium-153 for one patient treatment was $4,500. At that price, in 2012, the total product cost for all of the 
projected 755 patient treatments in Canada would be $3,397,500. For an investment of $3,397,500 in Samarium-153, system 
savings of $7,758,905 could  be realized for a return on investment (ROI) of 228%. Overall treatment cost-savings would have 
accrued while Samarium-153 p rovided suffering cancer patients with equal or better care and clinical outcomes, as measured 
by pain relief and quality of life. 
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1. Introduction 
Healthcare is about money. Despite all the protests by 

politicians, bureaucrats, payors and providers that healthcare 
is about providing the right treatment to the right patient at 
the right time, to do that requires money - and lots of it. Yet 
most healthcare systems in the world do not seem to have 
enough funding today thus putting into jeopardy the mantra 
of the politicians, bureaucrats, payors and providers.  

Canada is a case in point where palliative care for cancer 
patients is, in one case, 15 years behind current practice. 
Money trumps best practice of care. Yet it is not the want for 
money that is the problem; it is the inert ia of the system to 
reallocate existing funds. 

Around the world there are basically four types of 
healthcare system[1]: 

1.1. European Model  

Comprehensive universal healthcare funded largely with 
tax monies and/or government mandated insurance (80-90% 
of total expenditure) supplemented with patient co-payments 
and complemented by a smaller parallel private-pay 
healthcare system (10-20%); 
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1.2. Developing Countries Model 

Private healthcare fo r the s mall but rich, ruling classes 
(80-90% of expenditure) and limited public healthcare for 
the poor majority (10-20%);  

1.3. American Model  

Most insurance is private yet the split of services financing 
is about even between private and public (medicare - federal 
government mandated coverage for seniors; medicaid - 
state-administered care for low income ind ividuals and 
families; s-chip[state children’s health insurance program], 
again, is state-admin istered coverage for uninsured working 
poor and lower, middle class children; va[veterans’ 
administration] is the healthcare system for veterans of the us 
armed forces; and, 

1.4. Canadian Model  

All medical doctors and hospitals are paid out of tax 
monies (70%) and the rest of the system is private (30%)[2]. 

Canada is unique within the healthcare universe in its 
distinctive split between public and private financing. But 
regardless of design, almost all healthcare systems wrestle 
with balancing the three points of the Iron Triangle (see 
Figure 1)[3]. 

“Canadian healthcare” is really a patchwork quilt of 17 
different provincial (10 - British Columbia, Alberta, 
Saskatchewan, Manitoba, Ontario, Quebec, New Brunswick, 
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Nova Scotia, Prince Edward Island, Newfoundland and 
Labrador), territorial (3 - Nunavut, Northwest Territories, 
Yukon ) and federal (4 - Department of National Defence, 
Veterans’ Admin istration, the federal government, and the 
Non-insured Health Benefits for First Nations and Inuit) 
healthcare systems each with its own take on balancing the 
Iron Triangle.  

           Cost containment 
 
 
 
 
 
 
 
           Quality                  Access 

Figure 1.  The Iron Triangle 

This universe of wrestling matches over the Iron Triangle 
is further challenged by today’s economic problematique: 
● at a certain threshold of taxation there is a diminishing 

return relationship between tax rates and tax revenue 
collected (commonly referred  to as the Laffer Curve) that in 
turn reduces the availability of real-dollar funding for public 
programs, such as healthcare[4]; and, 
● most unit costs in healthcare rise beyond the consumer 

price index; as demand goes up, driven by inflat ion and 
aging population needs, unit costs go up, and as supply 
simultaneously is constrained, driven by shortages of health 
human personnel, therapeutic product, physical capacity and 
available do llars, unit costs go up even further[5]. 

In the area of systemic cancer care treatment, Canada is 
losing the wrestling match. For the 10 provinces (the lion’s 
share of healthcare provision in Canada) systemic cancer 
treatment drug budgets are centrally allocated to a provincial 
cancer authority in the form of a g lobal budget leaving each 
authority to make its own spending/rationing decisions. 
Global budgets, by definit ion, grow by adding to the 
previous year’s budget an amount for inflation, or even for 
absolute growth, but are not activity or performance based. 
In such a budgeting environment, innovation is slow to 
become funded at the marg in as there are no incentives for 
re-allocation within a finite resource envelope.  

As a result, Canada ranks near the bottom of the member 
states of the Organization for Economic Co-operation and 
Development (OECD) in terms of access to new drugs[6]. 
Nowhere is this more apparent than in the treatment of 
cancer. 

This study set out to determine whether overall treatment 
cost-savings could be accrued if Samarium Sm-153 
Lexidronam In jection (Samarium-153), a  15 year old therapy 
not funded yet in Canada, was used to treat bone pain 
resulting when cancer spreads to the bone, while providing 
suffering cancer patients with equal or better care and 
clin ical outcomes as measured by pain relief and quality of 
life. 

2. Samarium Sm-153 Lexidronam 
Injection (Samarium-153) 

Samarium Sm-153 Lexidronam In jection (Samarium-153) 
is a member of the class of pharmaceuticals known as 
“radiopharmaceuticals” – drugs that contain a radioactive 
ingredient. Radiopharmaceuticals are a type of “systemic” 
therapy in which one dose of a drug simultaneously targets 
multip le sites of metastasis, and they have been used since 
1950s to provide pain relief for cancer that metastasizes to 
bone. Samarium-153 is used to treat bone pain that results 
when cancer spreads to the bone.  

Generally, when cancer has metastasized to the bone it is 
characterized by either the breakdown of the bone 
(osteolytic), the formation of bone (osteoblastic), or both.  

Myeloma (o r mult iple myeloma) is the name given to a 
cancer that springs from the plasma cells in the bone marrow 
when these plasma cells fo rm abnormal antibodies. These 
antibodies, in turn, can damage the bone, the bone marrow 
and other organs. Myeloma usually results in osteolytic 
lesions and excessive bone destruction. 

A much more common cancer, prostate cancer, is usually 
accompanied by osteoblastic lesions and excessive bone 
growth[7]. Two trials have shown that 84% - 92% of patients 
with metastatic, castrate-resistant, prostate cancer have 
radiographic evidence of bone metastases[8],[9]. 

Most bone metastases exhibit both osteolytic and 
osteoblastic characteristics – two  ext remes of a broad 
spectrum.  

Studies in the US have confirmed  that patients with 
osteoblastic lesions may benefit from systemic treatment 
with Samarium-153. Samarium-153 was approved in 1997 
by the Food and Drug Administration (FDA) in  the United 
States (US) for pain relief in  cancer patients with confirmed 
osteoblastic, metastatic bone lesions that are enhanced on a 
radionuclide bone scan. Approximately one-half of patients 
with bone metastases are symptomat ic with debilitating 
pain[10],[11]. 

In 2004, the Programme in Ev idence-Based Care of 
Cancer Care Ontario reported that Samarium-153 “may  be 
considered as an option for the palliation of mult iple sites of 
bone pain from metastatic prostate cancer” and “may also be 
considered for patients with lung and breast cancers”[12]. 

Alberta Health Serv ices released their Palliat ive 
Radiotherapy Clinical Practice Guideline PAL-001 in 2008 
(revised in 2010) stating that Samarium-153 was “effective 
in providing pain relief” from bone metastases[13]. 

3. Clinical and Quality-of-Life 
Implications of Osteoblastic 
Metastatic Lesions 

Cancer that occurs in a human organ and subsequently 
spreads to bone is called metastatic bone disease (MBD). 
With much improved treatment of many organ cancers - such 
as prostate, breast and lung - patients are surviving and living 
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longer except when patients develop bone metastases.  In 
fact about half o f organ tumours can metastasize to the 
skeleton[14]. Once tumours metastasize to bone they are 
usually incurable[15]. 

Metastases are the most common amongst malignant bone 
tumours with most involving the axial skeleton (sku ll, spine 
and pelvis) and 90% being multiple. MBD spreads 
hematogenously, occurring most frequently where red bone 
marrow exists. The primary carcinomas that most often 
metastasize to bone (80% of the total) are: 
● Prostate (60% of metastases in men);  
● Breast (70% of metastases in women);  
● Lung; and 
● Kidney/renal cell. 
Others include thyroid, stomach and intestines. 
Most lesions are asymptomat ic but, when they are 

symptomatic, pain in the spine, pelvis or ext remities is the 
major concern. 

Metastases that are usually purely osteoblastic are: 
● Prostate; 
● Medulloblastoma; and 
● Bronchial carcinoid.  
Lung and breast are usually both, osteoblastic and 

osteolytic. 
Besides the regular morbidity, mortality and 

quality-of-life issues surrounding cancer, MBD can also lead 
to pathologic fractures and/or spinal cord compression. 

Bone scans are the preferred diagnostic tool as 10% - 40% 
of lesions will not appear on traditional radiographic film 
[16]. Treatment options may include surgery, chemotherapy, 
external-beam radiation therapy, endocrine therapy, 
radioisotope therapy with radiopharmaceuticals such as 
Samarium-153, or a combination of these. 

Patient candidates for radio isotope therapy should have 
platelets >100,000µL and a white b lood cell (WBC) 
count >2,500µL to counter any bone marrow suppression. 
Good kidney function is also preferred as urination is the 
primary route of excretion for radiopharmaceuticals[17].  

4. Business Impact Studies 
Healthcare economic studies usually look at three types of 

costs: direct costs, both medical and non-medical; ind irect 
costs, such as lost wages due to illness; and intangible costs 
which may include psychosocial and societal costs. 

A “business impact study,” such as this one, is only 
concerned with direct costs. Direct costs are generally much 
greater for inpatient treatments than outpatient treatments. In 
fact, hospitalizat ion costs are the single largest contributor to 
incremental health costs today in both Canada and the US. 

Almost all of the available literature reviewed was 
American. However, these studies are still very instructive 
for Canadians because they focused on Medicare patients. 
Today the split of health services in the US is about even 
between public (Medicare, Medicaid, S-CHIP and the VA) 
and private. US Medicare is, broadly  speaking, federal 

government mandated insurance coverage for seniors. The 
difference between Medicare reimbursement fees and 
private insurance “billed charges” in the US are significant 
given that private insurance billed charges in the US 
generally must also include allowances for bad debt, 
uncompensated care, and capital costs which Medicare does 
not reimburse. US Medicare reimbursements simply cover 
the direct cost of care and are more in line with Canadian 
reimbursement figures, rather than private insurance billed 
charges, thus making the economics of these studies very 
comparable to the Canadian cost reimbursement situation. 

In the US, insurance coverage of Samarium-153 varies. 
Samarium-153 is covered by Medicare Part B and Medicaid 
in the US (these latter two being important comparators 
when analyzing the business case for Samarium-153 in 
Canada). For reimbursement, insurers usually require a 
recent bone scan (within a month or so) and the patient must 
be experiencing pain; pain relief is generally the end point.  

5. Treatment of Osteoblastic Bone 
Lesions – Clinical and Economic 
Outcomes 

Over-the-counter analgesics, such as aspirin and 
acetaminophen, and prescription-only drugs such as 
morph ine, oxycodone and other opioids are common drugs 
that can provide general pain relief. Opio ids have the 
potential unpleasant side effects of constipation, nausea, 
vomit ing, drowsiness, cognitive impairment and addiction 
[18]. 

Samarium-153 is often administered in conjunction with 
traditional analgesics and opioids. Over time patients taking 
Samarium-153 were able to reduce their consumption of 
opioid analgesics[19],[20],[21] by as much as 60% - 69% and 

22% - 32% discontinued opioid analgesics altogether[22]. 
Patients on placebo increased their intake of opioids as much 
as 26%[23].  

Patients initially treated for bone pain with placebo and 
then switched to Samarium-153 had improved outcomes 
with 57% - 65% of them receiv ing some degree of pain relief 
that they had not before[24]. 

The first radiopharmaceuticals were Phosphorous-32 and 
Strontium-89. Samarium-153 combines a radionuclide (an 
atom characterized by the composition of its nucleus, i.e. the 
quantity of protons, neutrons and energy) with more 
desirable nuclear properties (shorter half-life, lower 
energy-particle emissions) and greater selectivity than these 
earlier radiopharmaceuticals.  

Strontium-89 has a half-life of 50.6 days[25] whereas 
Samarium-153 has a half-life of 1.93 days, or 46 hours[26]. 
This is an important characteristic of Samarium-153 for 
patients as an isotope’s half-life, in part, determines its 
toxicity profile. A longer half-life translates into 
less-reversible myelosuppression[27]. 

Biphosphonates, that prevent the loss of bone mass, target 
bone destruction while Samarium-153 targets bone 
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formation. Samarium-153 accumulates more in  osteoblastic 
lesions than it does in normal bone, with a lesion-to-bone 
ratio of approximately 5:1.  

Although Samarium-153 has been on the market for 15 
years in the US it is considered to be one of the “next 
generation” of radiopharmaceuticals which offer clear 
advantages to the patient in treating pain associated with 
bone metastasis, as well as to the provider and the funder: 
● Single dose injection lasting only a few minutes, usually 

on an outpatient basis; 
● Onset of pain relief, amongst patients who respond, 

within one week of inject ion and with maximum pain relief 
generally achieved within 3 - 4 weeks; 
● Significant reduction in bone pain scores in patients – 
○ suffering from prostate, breast and other cancers; 
○ newly d iagnosed with myeloma or bone metastasis; 
○ not responding to other treatments; and, 
○ in  whom cancer returned after in itial successful 

treatment[24],[27]. 
In one clinical trial, 74% of patients receiving the 

approved dose of Samarium-153 experienced pain relief 
within 4 weeks and lasting for 12 weeks[28]. Two-thirds of 
those patients who responded positively to Samarium-153 
were still experiencing pain relief at 16 weeks. Another 
inpatient study reported adequate pain control for 78% - 95% 
of patients[29]; yet another reported 83% - 86% positive 
response[21]. 

Samarium-153 is not without side effects. Bone marrow 
toxicity – a decrease in the body’s number of b lood cells – 
occurred in  33% of patients in one randomized phase III 
clin ical trial[20]. As a result it is not typically recommended 
that Samarium-153 must be admin istered to patients at the 
same time as chemotherapy or external-beam radiation 
therapy. A reduced white cell count is often accompanied by 
the increased risk of infections. A reduced platelet count 
lessens blood clotting. Non blood-related side effects and 
their occurrence rates were: pain flare (7%); infection (7%); 
spinal cord compression (6.5%);  diarrhea (6%); arrhythmias 
(5%); and blood in the urine (5%)[30]. 

As stated above, Samarium-153 is usually not 
administered at the same time as chemotherapy or 
external-beam radiation therapy. There is some evidence, 
though, that Samarium-153 can be admin istered 
simultaneously with chemotherapy safely and efficaciously 
[31],[32],[33].  

For about 12 hours after inject ion, radioactiv ity will be 
present in the patient’s urine requiring appropriate care to be 
taken[33]. Samarium-153 can also be harmfu l to fetuses and 
infants therefore it should not be administered to pregnant or 
nursing mothers.  

Samarium-153 is an ideal pain  reliever, where indicated, 
for patients in hospice care[33]. 

The Health Technology Inquiry Serv ice (HTIS) o f the 
Canadian Agency for Drugs and Technologies in Health 
(CADTH) recently conducted a literature search on the 
clin ical and cost-effectiveness of radiopharmaceutical 
therapy for the treatment of metastatic bone pain[34] and 

identified six articles published between 2002 and January 
2009 that are reviewed below in  descending order of strength 
of evidence. 

A 2005 systematic review of the English published 
literature by Bauman et.al., of the London Regional Cancer 
Centre in Ontario, concluded that significant differences in 
response favoured the use of Samarium-153 as an option for 
the palliation of multip le sites of bone pain from metastatic 
cancer where pain control with conventional analgesic 
regimens was unsatisfactory and where activity was 
demonstrated on a bone scan of the painful lesions[35]. 

Another 2005 systematic review, this time conducted for 
the National Health Service (NHS) in  the United Kingdom 
(UK) and published in Lancet, reported palliation response 
rates between 40% and 95% for Samarium-153, with pain 
relief commencing  within 1 - 4 weeks and lasting for up to 18 
months[36]. 

The only cost-effectiveness study using randomized 
control trial data of Samarium-153 for pain relief in patients 
with bone metastases clearly demonstrated that Samarium-
153 was a dominant therapy[37]. 

The cost for pain control using conventional therapy was 
€12,500 in 2005; the cost for Samarium-153 was €5,600. 
Assuming the average 2005 CND/€ currency exchange rate 
to have been CND 1.4825811142 / € 1.0[38], and healthcare 
inflation for 2005-2011 to have been 5% per annum[39], in 
2012 Canadian dollars the equivalents would be $26,075 for 
conventional palliat ive care and $11,680 using Samarium-
153 fo r a savings of $14,395 - a greater than 2:1 multip le 
cost-effectiveness advantage. Savings would be in inpatient 
hospital overhead costs, staff time, d ifferential-in-price of 
more expensive less effective products, materials, 
management of side effects, and other ancillary treatment 
costs. 

These numbers are in line with previous findings[40] for 
an earlier rad iopharmaceutical, strontium-89, but with 
Samarium-153 provid ing better clinical outcomes as 
measured by pain relief and quality of life (QOL), and much 
better safety and side effect profiles given the much shorter 
half life of Samarium-153. 

A 2004 art icle by Sartor et.al. documented the results of a 
phase III randomized trial designed to assess the 
effectiveness of Samarium-153 for palliation of bone pain in 
patients with hormone-refractory prostate cancer[26]. A 
sample totaling 152 men with hormone-refractory prostate 
cancer and painful bone metastases were enrolled in  a 
prospective, randomized, double-b lind trial comparing 
radioactive (153Sm) versus nonradioactive (152Sm) 
lexidronam complexes with patients randomized 2:1 to the 
radioactive (153Sm) agent. The evaluation period was 16 
weeks. Samarium-153 exh ib ited positive effects in  pain 
relief, compared to the placebo, within 1 to 2 weeks. 
Reductions in opioid use were recorded at weeks 3 and 4. 
Mild, transient bone marrow suppression was the only 
adverse event. The mean nadir white blood cell and platelet 
count (3 to 4 weeks after treatment) was 3,800/µL and 
127,000/µL, respectively. Counts recovered to baseline after 
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approximately 8 weeks. No grade 4 decreases in either 
platelets or white b lood cells were documented. Overall, 
Samarium-153 was determined to be both safe and effective 
in the palliation of pain associated with bone metastases. 

A smaller, earlier study by Wang et.al. determined the 
therapeutic efficacy of Samarium-153 was 77.8% (almost 
twice as efficacious as pamidronate disodium at 44.4%) with 
mild, transient, reversible myelosuppression wherein  white 
blood cells and platelets had recovered within 6 weeks[41].  

Since the HTIS/CADTH literature rev iew several studies 
have been conducted. One, in 2007, studied 46 patients with 
breast cancer and painful bone metastases. In this study,  
80.4% of the patients experienced statistically significant 
pain reduction with the use of Samarium-153 at 4, 8, 12 and 
16 weeks post-therapy (p<0.0001). 

A mult i-centre, phase IV study reported in 2007 that 
treatment with Samarium-153 for metastatic bone pain from 
prostate, breast, lung and other primary carcinomas could be 
repeated without significantly increasing toxicity[42]. 

Finally, a report published in 2009 concluded 
Samarium-153 was as good as, if not better than, opioids in 
the treatment of pain  secondary to bone metastases, and 
improved the quality of life in the last year of life for patients, 
without the side effects associated with opioids[19]. The 
study assessed whether baseline and short-term QOL (the 
proxies for which were pain and treatment side effects at 0, 4 
and 8 weeks) differed in patients with symptomat ic 
metastatic prostate cancer undergoing palliation by opioids, 
nonsteroidal anti-inflammatory agents (NSAIDs), 
strontium-89 ch loride, and Samarium-153. Pat ients were 
grouped by which of the above palliative options was their 
primary palliative intervention. The study found that pain 
increased in those patients who were admin istered NSAIDs 
(21%) and strontium-89 (46%) while pain decreased by 27% 
in patients treated by Samarium-153 and by 27% in patients 
treated by opioids. 

This study by Papatheofanis, Smith and Najib was also 
significant for another reason. Even though opioids are the 
standard palliat ive therapy for pain secondary to bone 
metastases[43] there are numerous and frequent side effects 
from pro longed opioid use, as discussed above. The fear of 
these well-known side-effects also led to patient 
noncompliance with an opioid regimen. Therefore, in terms 
of the effect that various palliat ive interventions had on 
overall QOL for these cancer patients, Samarium-153 was 
clin ically the preferred choice[44]. 

Although survival has not been studied specifically, the 
researchers in one study did observe that survival improved 
by 50% with higher doses of Samarium-153 (9 months) than 
with lower doses (6 months)[29]. 

6. Business Impact of Samarium-153 for 
Canadians 

In 2007, there were 65,739 reported new cases of prostate, 
lung and breast cancer in Canada (see Table 1). Regrettably, 

the incidence of bone metastases associated with these 
cancers was either not captured or not publicly reported. 
Therefore these figures had to be calculated by prorating the 
actual 2008 incidence and the forecasted incidence for 2010 
and 2012 as reported for seven other countries: the US, Japan, 
Germany, France, the UK, Italy and Spain thus yielding 
9,860 (~15%) bone metastases in 2012 (see Table 2).  

According to Roodman[45], 95% of bone metastases in 
prostate cancer are osteoblastic; 15% are osteoblastic in 
breast cancer; and 15% for lung cancer. Applying these 
percentages to the numbers in Table 2 yields the number of 
osteoblastic bone metastases for each of the three cancer 
sites in question for a total of 4,304 in 2012 (see Table 3). 

Table 1.  New Cases of Selected Cancers by Site by Province, 2008 

 Prostrate Breast Long TOTAL 

BC 3124 2758 2673 8555 

AB 2168 1833 1743 5744 

SK 744 616 676 2036 

MB 563 769 811 2143 

ON 8856 8543 7582 24981 

QC 4245 5343 6925 16513 

NB 816 503 711 2030 

NS 731 714 825 2270 

PE 117 102 120 339 

NL 449 343 336 1128 

Canada 21813 21524 22402 65739 

Source: Statistics Canada, Cancer Incidence in Canada, 2007 and 2008, 
Ottawa: Government of Canada, Ministry of Industry, 2010, Catalogue 
No. 82-231-X 

Table 2.  Actual and Forecasted Incidence of Bone Metastases by Primary 
Cancer Site for the US, Japan, Germany, France, UK, Italy and Spain 
Combined (C7) and Canada 

C7 2008 
(actual) 

2010 
(forecasted) 

2012 
(forecasted) 

Prostate 76,282 77,428 78,559 

Breast 57,370 57,995 58,597 

Lung 80,468 81,334 82,155 

C7 TOTAL 214,120 216,757 219,311 

    

Canada 2008 
(prorated) 

2010 
(prorated) 

2012 
(prorated) 

Prostate 3,429 3,481 3,532 

Breast 2,579 2,607 2,634 

Lung 3,618 3,657 3,693 
Canada 
TOTAL 9,626 9,745 9,860* 

Source: C7 data from Pipeline/Commercial Insight: Supportive Care in 
Oncology, DMHC2557, Datamonitor, November 2009, Chapter 4: Bone 
Metastases, p.113; Canada data prorat ed as4.49568% of C7 data,  
4.49568% representing Canada’s population as a percentage of the 
combined populations of the C7 countries as estimated in the CIA World 
FactBook, July2011 
*Rounded 



15 International Journal of Tumor Therapy 2013, 2(1): 10-17  
 

 

Table 3.  Estimated Incidence of Osteoblastic Bone Metastases by Primary 
Cancer Site for Canada 

Canada 2008 2010 2012 
Prostate (95%) 3,258 3,307 3,355 
Breast (15%) 387 391 395 
Lung (15%) 543 549 554 

Canada TOTAL 4,188 4,247 4,304 

Sources: G. D. Roodman, Mechanisms of Metastasis, N Engl J Med, 
(2004) 350: 1655-1664; and, M. Koutsilieris, Osteoblastic metastasis   
in advanced prostate cancer, Anticancer Res, (1993) 13: 443-450 

Further, 40-50% of bone metastases are asymptomatic[46].   
Assuming a conservative 50% of patients have symptomat ic 
bone metastases, the number of patients who could benefit 
from Samarium-153 has been calculated in Table 4 to be 
2,153 for 2012. 

Table 4.  Estimated Incidence of Symptomatic Osteoblastic Bone 
Metastases by Primary Cancer Site for Canada 

Canada 2008 2010 2012 
Prostate 1,629 1,654 1,678 
Breast 194 196 198 
Lung 272 275 277 

Canada TOTAL 2,095* 2,125* 2,153* 

Sources: G. D. Roodman, Mechanisms of Metastasis, N Engl J Med, 
(2004) 350: 1655-1664; and, M. Koutsilieris, Osteoblastic metastasis in 
advanced prostate cancer, AnticancerRes, (1993) 13: 443-450. 
*Rounded 

As noted above not all osteoblastic patients are 
appropriate for rad ioisotope therapy. In fact, 72% of patients, 
on average, are excluded from such therapy (see Table 5 for 
the exclusion criteria) leav ing just 28% not excluded. 

Table 5.  Percentage of Patients Excluded by Criterion from Radioisotope 
Therapy 

Population NOT excluded 28% 
White Blood Cell > 3,000/µL 5% 

Absolute Neutrophil > 1,500/µL 5% 
Platelet > 100,000/µL 10% 
Hemoglobin > 10 g/dL 20% 

Serum creatinine < 2 mg/dL 10% 
Long bone fractures 2% 

Spinal cord compression 10% 
3+ lung or liver metastases 5% 
Life expectancy < 3 months 5% 

Also noted above was that some patients may require a 
second dose of Samarium-153, clin ical experience shows 
that 43% of patients require and can be safely admin istered a 
second dose[31]. 

Remaining conservative, as this analysis has been 
throughout, it is calculated that 25% of the patients in Table 4 
will be elig ible for treatment by Samarium-153 of whom  
40% would require and receive a second dose. The resultant 
total patient treatment numbers for Canada appear in Table 6: 
539 patients and 755 patient treatments. The totals for 2012 
are then distributed amongst the provinces in Table 7 using 
the same proportions as found in Table 1. 

Assuming an average per patient cost of $26,075 in 2012 
for traditional palliative treatments in these 539 cases (i.e. 
not using Samarium-153), total traditional palliative costs for 
painful bone metastases by these three primary cancer sites 
would be $14,054,425. Assuming an average per patient cost 
of $11,680 using Samarium-153 in these 539 cases, total 
costs would be $6,295,520, y ield ing system savings of 
$7,758,905. 

Table 6.  Estimated Total Patient Treatments 

Canada 1st Tx (25%) 2008 2010 2012 
Prostate 407 414 420 
Breast 49 49 50 
Lung 68 69 69 

Subtotal 1st Tx’s 524 532 539 
Canada 2nd Tx (40%)    

Prostate 163 166 168 
Breast 20 20 20 
Lung 27 28 28 

Subtotal 2nd Tx’s 210 214 216 
Canada TOTAL Tx’s 734 746 755 

Table 7.  Estimated Total Patient Treatments by Province, 2012 

 Prostrate Breast Long TOTAL 
BC 84 9 12 105 
AB 58 6 8 72 
SK 20 2 3 25 
MB 15 3 3 21 
ON 239 28 33 300 
QC 115 17 30 162 
NB 22 2 3 27 
NS 20 2 4 26 
PE 3 0 0 3 
NL 12 1 1 14 

Canada 588 70 97 755 

At the time of writing the product cost of Samarium-153 
for one patient treatment was $4,500. At that price, in 2012, 
the total product cost for 755 patient treatments would be 
$3,397,500. Tab le 8 breaks out this total cost figure by 
province. 

Table 8.  Estimated Total Product Cost of Samarium-153 by Province, 
2012 

 Prostate Breast Lung TOTAL 
BC $378,000 $40,500 $54,000 $472,500 
AB 261,000 27,000 36,000 324,000 
SK 90,000 9,000 13,500 112,500 
MB 67,500 13,500 13,500 94,500 
ON 1,075,500 126,000 148,500 1,350,000 
QC 517,500 76,500 135,000 729,000 
NB 99,000 9,000 13,500 121,500 
NS 90,000 9,000 18,000 117,000 
PE 13,500 0 0 13,500 
NL 54,000 4,500 4,500 63,000 

Canada $2,646,000 $315,000 $436,500 $3,397,500 
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For an investment of $3,397,500 in Samarium-153, 
system savings of $7,758,905 could be realized fo r a return 
on investment (ROI) of 228%. 

7. Conclusions  

Overall treatment cost-savings would have accrued while 
Samarium-153 p rovided suffering cancer patients with equal 
or better care and clin ical outcomes, as measured by pain 
relief and quality of life. 
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