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ABSTRACT

Background  Radiotherapy is a common treatment for many cancers, but up-to-date estimates of the costs of 
radiotherapy are lacking. In the present study, we estimated the unit costs of intensity-modulated radiotherapy (imrt) 
and 3-dimensional conformal radiotherapy (3D-crt) in Ontario.

Methods  An activity-based costing model was developed to estimate the costs of imrt and 3D-crt in prostate 
cancer. It included the costs of equipment, staff, and supporting infrastructure. The framework was subsequently 
adapted to estimate the costs of radiotherapy in breast cancer and head-and-neck cancer. We also tested various 
scenarios by varying the program maturity and the use of volumetric modulated arc therapy (vmat) alongside imrt.

Results  From the perspective of the health care system, treating prostate cancer with imrt and 3D-crt respectively 
cost $12,834 and $12,453 per patient. The cost of radiotherapy ranged from $5,270 to $14,155 and was sensitive to 
analytic perspective, radiation technique, and disease site. Cases of head-and-neck cancer were the most costly, 
being driven by treatment complexity and fractions per treatment. Although imrt was more costly than 3D-crt, its 
cost will likely decline over time as programs mature and vmat is incorporated.

Conclusions  Our costing model can be modified to estimate the costs of 3D-crt and imrt for various disease 
sites and settings. The results demonstrate the important role of capital costs in studies of radiotherapy cost from a 
health system perspective, which our model can accommodate. In addition, our study established the need for future 
analyses of imrt cost to consider how vmat affects time consumption.
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BACKGROUND

Radiotherapy is a common treatment option for many can-
cers, and accurate estimates of the costs of radiotherapy 
techniques are essential for program planning. In Canada, 
3-dimensional conformal radiotherapy (3D-crt) had been 
the most common technique, but intensity-modulated 
radiotherapy (imrt), which spares neighbouring tissue 
while allowing for higher doses of radiation to be delivered 
to the target, has become more commonly used1. Several 
studies have shown that the toxicity profile is better with 
imrt than with 3D-crt, especially in treating prostate and 
head-and-neck cancers2–6. Comprehensive and up-to-date 

estimates of the costs of imrt and 3D-crt in Canada are 
needed to assess imrt’s value for money.

Existing radiotherapy cost studies, usually cost-​
effectiveness analyses (ceas), use varying sources and 
methods to obtain cost estimates. A systematic review of 
such analyses for radiotherapy in prostate cancer found 
that studies came predominantly from the United States 
and derived the cost of services from Medicare reimburse-
ment data7. That trend persisted in ceas of imrt and 3D-crt 
published during 2012–2015 that looked at prostate, anal, 
gynecologic, and head-and-neck cancers8–12. However, the 
included cost components varied and omitted capital costs, 
with one Australian analysis of imrt in prostate cancer 
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specifically excluding them based on the recommendations 
of their national Medical Services Advisory Committee13. 
The integration of components such as gynecologic toxic-
ities8, concurrent chemotherapy9, hormonal therapy, and 
palliative care10, in addition to no expressed intention for 
the costing approach to be transferable, demonstrates the 
challenge of comparability between ceas. Prior cost calcu-
lations were limited to one-time or disease-specific use, 
and the logic behind that approach is understandable; 
however, with little information about radiotherapy cost 
being available, there is a clear need to support comparisons 
between studies with a uniform way to calculate the cost.

The primary objective of the present study was to 
estimate the costs of imrt and 3D-crt for the treatment of 
prostate cancer in Canada. The secondary objective was to 
provide a framework for consistently estimating the costs 
of imrt and 3D-crt for other disease sites or purposes (for 
example, palliative vs. curative care), because the cost 
varies with the complexity of planning and delivery. We 
tested the framework by re-estimating the costs of imrt 
and 3D-crt for breast and head-and-neck cancers.

METHODS

Building on earlier work, we used an activity-based costing 
(abc) method to estimate the costs of imrt and 3D-crt in 
prostate cancer, subsequently modifying the model to 
estimate costs for breast and head-and neck-cancers14. 
Activity-based costing is the preferred method to estimate 
the costs of radiotherapy, especially when comparing 
radiation techniques14–16. The abc approach breaks pro-
cesses down into activities that consume resources to 
deliver each unit of output. Cost drivers, such as time or 
patient load, are identified for each resource within each 
activity. More details about abc and its importance can be 
found in earlier papers14,15,17.

The process diagram14, unit costs, and activity times 
were all updated to reflect 2009 practice in Canada. Costs of 
imrt and 3D-crt were estimated for a centre with 3 linear 
accelerators, treating 1260 patients annually (Appendix a). 
To avoid capturing the temporarily higher cost associated 
with the learning curve after implementation, the times 
required to complete activities were based on the processes 
of a mature program. The costing was completed in consul-
tation with radiation oncologists, physicists, and radiation 
therapists. All costs are expressed in 2009 Canadian dollars.

Costs were allocated to 5 major activities associated 
with planning, preparing, and delivering radiotherapy and 
to the cost of gold seeds (Table i). For each activity, the cost 
of each resource was derived according to the two main 
cost drivers: time and patient load.

The process starts with a radiation oncologist con-
sultation (activity 1). In the case of prostate cancer, a ra-
diation oncologist arranges to have gold seeds placed into 
the prostate. Radiation therapists then place an immobi-
lizer on the patient and use computed tomography (ct) 
to acquire planning images (activity 2). Next, the radiation 
oncologist and radiation therapists work together to out-
line the target volume and to identify at-risk organs to 
create a treatment plan [dosimetry (activity  3)]. At the 
quality assurance (qa) stage, a physicist reviews the 

treatment plan (activity 4). For imrt, two physics associates 
create a qa plan and apply the treatment plan to a phantom 
(a device for measuring delivered dose), collecting and 
analyzing data to verify the treatment plan. Radiation 
therapists then deliver treatment, which is accompanied 
by review visits with a radiation oncologist over the course 
of radiotherapy (activity 5).

Consistent with the radiation costing literature, we 
grouped resource items into 3 major cost categories: 
process costs, clinical infrastructure, and supporting in-
frastructure16. In the base case, to adhere to the Canadian 
Guidelines for Economic Evaluation18, we estimated costs 
from the perspective of the health care system—specifically, 
the Ontario Ministry of Health and Long-Term Care. To 
be consistent with the radiation costing literature14,16, we 
also estimated costs from the radiation treatment program 
perspective. The two perspectives differ in that the pro-
gram costs include neither the capital costs of equipment 
(acquisition and construction), nor physician fees.

Process Costs
Process costs are the costs directly related to clinical care, 
which include staff time for patient care and consumables. 
We obtained the costs of consumables (gold seeds for 
prostate cancer and immobilizers for each site) from two 
radiation treatment programs in Ontario.

Costs of the radiation oncologists included physician fees 
and additional annual funding received from the Ontario 
Ministry of Health and Long-Term Care19 (Appendix a). Nurs-
ing costs included salary, plus an additional 24% for benefits, 
obtained from a teaching hospital in Toronto. Costs of the 
other program staff (therapist, physicist, physics associate, 
machinist, information system staff, and electronics staff) 
included salaries and an additional 24% for benefits, which 
were obtained from Cancer Care Ontario. We estimated staff 
cost per minute by assuming that staff worked full time (253 
days annually and 7.5 hours daily). When estimating staff 
costs for therapists, physicists, and physics associates, we 
also included additional management-related costs to reflect 
management costs not directly attributable to an activity (Ap-
pendix a). To allocate therapist costs to treatment preparation 
and treatment delivery, we also assumed that, for each hour 
of treatment delivery on the linear accelerator, 2.86 hours of 
therapist time were required for treatment-related work. That 
ratio was based on a therapist staffing schedule in a centre 
with 3 linear accelerators (Appendix a).

Clinical Infrastructure
Clinical infrastructure and equipment costs included 
the costs of acquisition, construction, and equipment 
maintenance, plus the personnel cost for operating and 
conducting routine quality control for equipment (“oper-
ating cost”). Based on estimates from Cancer Care Ontario 
(Appendix a, Table aii), we used the equation that follows 
to amortize (5% annually) the costs of acquisition, con-
struction, and equipment maintenance over the expected 
lifespan of each piece of equipment20:



COSTS OF IMRT AND 3D-CRT IN ONTARIO, Yong et al.

e230 Current Oncology, Vol. 23, No. 3, June 2016 © 2016 Multimed Inc.

TABLE I  Overview of activity-based costing

Activity Included costs Cost drivers

Time Patient volume

1. Consultation Radiation oncologist X

Nurse X

Gold seed insertiona X

2. CT simulation Therapist X

CT simulator X

Immobilizer X

Information system: patient management X

3. Dosimetry Therapist X

Planning system X

Radiation oncologist X

Information system: patient management X

4. Physics QA Physicist

Verify treatment plan X

Review data X

Physics associatesb X

Specialized QA equipmentb X

Planning system

Information system: patient management X

5. Treatment QA
  and delivery,
  review visit

Therapist

Pre-treatment X

On the unit X

Linear accelerator X

Radiation oncologist (review visit) X

Nurse (review visit) X

Information system: patient management X

Information system: record or verify X

a	 Prostate cancer only.
b	 Intensity-modulated radiation therapy only.
CT = computed tomography; QA = quality assurance.

For all equipment, we assumed an annual mainte-
nance cost equal to 10% of the annualized acquisition 
cost. The unit cost of equipment was calculated based on 
whether cost was driven by time used or number of patients 
served (Table ii). The calculation assumed that the centre 
had 3 linear accelerators, 1 treatment planning system, 1 ct 
simulator, 1 piece of specialized qa equipment (used only 
for imrt cases), and 1 information system.

Supporting Infrastructure
The cost of the supporting infrastructure—often called 
“overhead” or “hotel costs”—included the costs necessary 
to the day-to-day functioning of the hospital in which 
the program is housed16. It included the costs of hospital 
administration, building service, security, laundry, med-
ical records, porters, social work, and clerical staff in the 
radiation treatment program; clinical nutrition; utilities; 
hospital general registration; and housekeeping. We esti-
mated the costs based on a teaching hospital’s budget for 

fiscal year 2010–2011 and the radiation treatment program’s 
proportion of the hospital’s overhead budget (Appendix a, 
Table aii)22. To calculate cost per patient, the total cost of 
the program was divided by the number of patients seen 
annually in the program.

Activity Time
Activity time—the amount of t ime consumed by an 
activity—drove the cost of some resources. We estimated 
the average treatment delivery time (minutes per fraction) 
for prostate cancer from the historical treatment time for 
more than 5000 fractions delivered at a centre that had 
been using imrt for more than 3 years. At that centre, image-​
guided radiotherapy was used alongside imrt, a process 
that improves the accuracy of treatment by using imaging 
for guidance. The imrt treatment time therefore included 
the additional time associated with image-guided radio-
therapy. From the historical data, the average treatment 
delivery time per fraction was the same for both techniques 
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TABLE II  Unit costs of capital equipment, 2009 Canadian dollars

Equipment Annual cost ($) Metrics Unit cost ($)

Acquisition
and

construction

Maintenance Operating Total Operating
hours per year

(n)

Patients
per year

(n)

Per
hour

Per
patient

Linear accelerator 471,312 40,097 417,317a 928,725 2174b 427

Incremental cost to support 
  linear accelerator (IMRT)

— 55,361 55,361 2174b 25

Treatment planning system 415,755 41,575 457,330 2560c 181

CT simulator 300,267 23,097 323,365 1260 257

Information system: 
  patient management

271,172 27,117 58,900d 357,190 1260 283

Information system: record or verify 237,392 23,739 58,900d 320,031 6522 49

Specialized QA equipment 32,914 3,291 36,205 630e 57

a	� Operating 3 linear accelerators requires an electronics staff, machinist, physicist, and physics associate.
b	� Each linear accelerator and information system was assumed to be used 9.25 hours daily for 235 days annually.
c	� Each case was assumed to need, on average, 2 hours on the treatment planning system (1260 cases/year × 2 hours/case).
d	� The information system that supports 3 linear accelerators required 1 information systems staff member for its operation. Maintenance of the 

patient management component was assumed to required 0.5 full-time equivalents; the remaining time was dedicated to the record or verify 
component. The latter component is used to verify doses, ensure accurate dose delivery, and minimize accidental exposure21.

e	� Half the cases in a centre were assumed to be IMRT cases, which were the only ones to require specialized QA equipment.
IMRT = intensity-modulated radiation therapy; CT = computed tomography; QA = quality assurance.

(15 minutes per fraction). Assuming that treatment for 
each prostate cancer patient requires 39 fractions, the 
average treatment delivery time was 585 minutes.

Pre-treatment preparation time was estimated based 
on a survey of 8 radiation oncologists and radiation ther-
apists in Ontario about the typical time required for ct 
simulation and dosimetry. The average time was the same 
for imrt and 3D-crt, with 2 therapists being required to 
perform the ct simulation, each spending 30 minutes on 
average. The Physics Professional Advisory Committee 
conducted a survey of physicists in Ontario to estimate the 
additional time needed by physicists and physics associates 
to conduct qa for imrt compared with 3D-crt. Each respon-
dent sketched a flow diagram representing the physics qa 
process and the time required for each step.

To capture the total work time of radiation therapists, 
we estimated a ratio of radiation therapist work time to 
treatment time from the radiation therapist work schedule 
at the centre. Compared with 3D-crt, imrt required 56% 
more direct clinical support from physicists and 1.5 hours 
of support from physics associates.

Estimating Costs for Other Disease Sites
We adapted the costing model to estimate the costs of imrt 
and 3D-crt for head-and-neck cancer and breast cancer 
by changing the activity time estimates, the number of 
fractions per patient, and the number of review visits per 
patient (Appendix a, Table aiii). The disease-site estimates 
were based on experience at a teaching hospital in Ontario 
that had fully implemented imrt since 2006.

Sensitivity Analysis
To address uncertainty about the cost estimates, we tested 
various scenarios in which one or more variables were 
modified to evaluate the effect on the cost of imrt compared 

with 3D-crt. Scenarios tested the effects of longer do-
simetry time for imrt, longer qa for imrt, and the use of 
volumetric modulated arc therapy (vmat) alongside imrt, 
among others. In prostate cancer, vmat has been found to 
improve and speed up conventional imrt23. Based on more 
than 1000 fractions of prostate cancer treatment delivered 
at a hospital in the Greater Toronto Area, we estimated the 
average treatment delivery time with vmat to be 10 min-
utes per fraction rather than the 15 minutes per fraction 
estimated for 3D-crt or for imrt without vmat.

RESULTS

In prostate cancer, imrt was more costly than 3D-crt 
($12,834 vs. $12,453 per patient; incremental cost: $381) 
because imrt required more resources for dosimetry and 
physics qa (Table iii). From the health system perspective, 
39% of the cost of imrt was attributed to process, 45% 
to clinical infrastructure, and 16% to supporting infra-
structure. The costs of imrt and 3D-crt were lower from 
the program perspective ($7,802 and $7,588; incremental 
cost: $213), which omitted physician fees and the capital 
costs of equipment. The results of the sensitivity analyses 
showed how the cost and incremental cost of imrt varied 
with activity time, cost of the linear accelerator, and the 
number of patients receiving imrt treatment in a centre 
(Table iv). Compared with 3D-crt, imrt with the addition 
of vmat created cost savings in prostate cancer. In a sce-
nario of imrt in the initial phase of imrt implementation, 
the cost of imrt rose to as much as $19,113 per patient 
because of the additional time required when staff are 
learning the technique.

Of the three disease sites, breast cancer was the least 
expensive and head-and-neck cancer was the most 
expensive because of differences in treatment complexity 
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TABLE III  Cost, from a health system perspective, of treatment with 3-dimensional conformal radiation therapy (3D-CRT) and intensity-modulated 
radiation therapy (IMRT) for prostate cancer, 2009 Canadian dollars

Activity Resource Hourly
rate
($)

Hours (n) Cost ($)

3D-CRT IMRT Per patient Per patient per activity

3D-CRT IMRT 3D-CRT IMRT

Consultation

Radiation oncologist 179 179 292 292

Nurse 113 113

Gold seed insertion

Gold seed 117 117 117 117

CT simulation

Radiation therapist 84 2×0.5 2×0.5 84 84 426 426

CT simulator 257 257

Immobilizer 14 14

Information system: patient management 71 71

Dosimetry

Radiation therapist 84 2.5 2.5 210 210 1,487 1,623

Planning system 181 2.5 2.5 454 454

Radiation oncologist 752 888

Information system: patient management 71 71

Physics QA

Physicist 0.35 0.55 41 64 176 421

Physics associate 86 0.75 129

Specialized QA equipment 57

Planning system 181 0.35 0.55 64 99

Information system: patient management 71 71

Treatment preparation and delivery, 
  and review visits

Radiation therapist (pre-treatment) 84 3.08a 3.08a 259 259 7,973 7,973

Radiation therapist (treatment delivery) 84 0.25×39×2.86b 0.25×39×2.86b 2,347 2,347

Linear accelerator 427 0.25×39c 0.25×39c 4,166 4,166

Information system: patient management 71 71

Information system: record or verify 49 0.25×39c 0.25×39c 478 478

Review visits per patient (both protocols)

Radiation oncologist 7 540 540

Nurse 113 113

Supporting infrastructure 1,982 1,982

TOTAL COST 12,453 12,834

a	� Calculated from the radiation therapist work schedule at a radiation treatment program.
b	� This value represents the ratio of work-hour to treatment-hour, calculated from the radiation therapist work schedule at a radiation treatment 

program.
c	� That is, 15 minutes per fraction for a total of 39 fractions per patient.
CT = computed tomography; QA = quality assurance.

and fractions per treatment (Tables  v and vi). For all 3 
disease sites, imrt cost more than 3D-crt, with the incremen-
tal cost ranging from $57 to $1,619. That finding remained 
true when sensitivity analyses were applied to the breast 
cancer and head-and-neck cancer models (Table vii). The 
largest cost differences were seen in head-and-neck cancer, 
because delivery took longer with imrt than with 3D-crt (20 
minutes vs. 17 minutes per fraction; approximately 100 min-
utes more per patient). Again, the cost difference between 

techniques was larger from the health system perspective 
than from the program perspective. Treatment delivery was 
the most costly activity regardless of disease site.

DISCUSSION

We estimated radiotherapy costs of $5,270–$14,155 per 
patient in prostate, breast, and head-and-neck cancers in 
Ontario. Compared with 3D-crt, imrt cost $57–$1,619 more 
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TABLE IV  Sensitivity analysis results for the costs of treatment with intensity-modulated radiation therapy (IMRT) in prostate cancer

Scenario Time (hours) for ... Cost for IMRT (2009 CA$)

Dosimetry QA Treatment Total Incremental

Base case 2.50 0.5 9.75 12,834 381

Longer dosimetry time for IMRT 3.75 13,166 713

Longer QA time for IMRT 2.0 13,269 816

Longer dosimetry and QA time for IMRT 3.75 2.0 13,601 1,148

Adding VMAT to the processa 6.50 10,679 –1,773

Initial implementation of IMRTb 6.00 4.0 13.00 16,720 4,268

25% higher cost of linear accelerator 13,875 381

75% of cases using IMRTc 12,815 362

a	� Shorter treatment delivery time for IMRT (5 min less per fraction) and additional costs for VMAT (module cost for linear accelerator and VMAT 
license cost for treatment planning system).

b	� Calculated as 6 hours of dosimetry, 4 hours of physics QA, and 5 additional minutes per fraction in treatment delivery.
c	� The base-case assumption was that 50% of cases used IMRT (the remaining cases were assumed to use 3-dimensional conformal radiation 

therapy). The unit cost of specialized QA equipment is therefore affected because it is divided by the number of IMRT cases performed annually.
QA = quality assurance; VMAT = volumetric modulated arc therapy.

TABLE V  Cost, from a health system perspective, of treatment with intensity-modulated radiation therapy (IMRT) and 3-dimensional conformal 
radiation therapy (3D-CRT) for head-and-neck and breast cancer, 2009 Canadian dollars

Activity Cost by cancer site ($)

Head and neck Breast

IMRT 3D-CRT Incremental IMRT 3D-CRT Incremental

Consultation 292 292 — 292 292 —

Gold seed insertion — —

CT simulation 574 574 — 426 426 —

Dosimetry 1,623 1,487 136 1,357 1,222 136

Physics QA 491 220 271 203 146 57

Treatment preparation and delivery, and review visits 9,193 7,980 1,213 4,592 4,592 —

Supporting infrastructure 1,982 1,982 — 1,982 1,982 —

TOTAL 14,155 12,536 1,619 8,853 8,659 193

CT = computed tomography; QA = quality assurance.

per patient for the disease sites considered. The costs var-
ied depending on the analytical perspective, the radiation 
technique, and the disease site. In addition to the resources 
included in the program perspective, the health system per-
spective encompassed physician fees and the capital costs 
of equipment. The distribution of costs in the three major 
categories (process, clinical infrastructure, and supporting 
infrastructure) varied depending on the perspective.

The cost distribution from the program perspective 
was within the range reported in the literature16,17, although 
the included resources varied between the studies. In the 
start-up scenario, the incremental cost of imrt increased by 
a factor of about 11 ($4,268 rather than the $381 estimated 
for a mature program), which highlights the importance 
of evaluation timing. In most ceas, cost estimates based 
on a mature program are more appropriate, because it 
takes less than 1 year for a centre to become familiar with 
the technique24.

Applying the costing model to head-and-neck cancer, 
radiotherapy was more costly than prostate cancer because 
head-and-neck cancer requires more time for qa and treat-
ment delivery. That observation is consistent with findings 
in earlier studies of imrt25–28. Of all activities, treatment 
delivery was the most costly—an observation that accords 
with findings reported in an abc study of imrt in Europe27. 
Although our centre reported longer treatment times for 
imrt than for 3D-crt in head-and-neck cancer, two other 
studies showed shorter treatment times with imrt in head-
and-neck cancer26,28. It is possible that those studies did 
not count as many time components of treatment or that 
their process was different. For example, use of the vmat 
technique for a similar imrt plan would save 3 minutes 
per fraction (of 8 minutes allocated for delivery) in head-
and-neck cancer.

Our study is the first to estimate the costs of 3D-crt 
and imrt in Canada for multiple disease sites. To estimate 
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TABLE VI  Cost, from a radiation treatment program perspective, of treatment with intensity-modulated radiation therapy (IMRT) and 3-dimensional 
conformal radiation therapy (3D-CRT) for prostate, head-and-neck, and breast cancers, 2009 Canadian dollars

Activity Cost by cancer site ($)

Prostate Head and neck Breast

IMRT 3D-CRT Incremental IMRT 3D-CRT Incremental IMRT 3D-CRT Incremental

Consultation 113 113 — 113 113 — 113 113 —

Gold seed insertion 117 117 — — —

CT simulation 133 133 — 281 281 — 133 133 —

Dosimetry 268 268 — 268 268 — 168 168 —

Physics QA 277 64 213 309 84 224 108 51 57

Treatment preparation and 
  delivery, and review visits

4,910 4,910 — 5,799 5,015 785 2,823 2,823 —

Supporting infrastructure 1,982 1,982 — 1,982 1,982 — 1,982 1,982 —

TOTAL 7,802 7,588 213 8,753 7,744 1,009 5,328 5,270 57

CT = computed tomography; QA = quality assurance.

the costs of radiotherapy, we used the abc method, which 
is considered the best method for this purpose14–16, and 
the process that we mapped was aligned with the lit-
erature26,30. By changing activity times, the number of 
fractions per patient, and the number of review visits per 
patient, the costing model developed in the present study 
can be adapted to estimate the costs of imrt and 3D-crt 
in other disease sites.

In prostate cancer, imrt became cost-saving when 
delivered using vmat, which reduces treatment time by 
5 minutes per fraction. A recent timing study comparing 
imrt with 3D-crt in prostate cancer showed that imrt can 
be delivered slightly more quickly than 3D-crt, suggesting 
that our analysis might have overestimated the incremental 
cost of imrt in prostate cancer27. Treatment delivery is less 
complex and thus less costly in prostate cancer compared 
with head-and-neck cancer, although it requires 39 frac-
tions rather than the 35 required in head-and-neck cancer. 
That observation suggests that estimating radiotherapy 
costs for other disease sites requires more than just an 
estimate of cost per fraction, because a more complex 
treatment takes more resources (time and effort) to plan 
regardless of dose (number of fractions). In other words, a 
treatment given in fewer fractions can cost more because 
it is more complex. We have used the cost estimates from 
this model to inform other ceas of imrt31,32.

Our study shows that the capital cost of equipment is 
a big component of radiotherapy cost and a major source 
of cost differences by technique and by payer perspective. 
Although economic evaluation guidelines recommend 
that analyses be conducted from a health system perspec-
tive18, most published studies estimate radiotherapy costs 
from a program perspective, which omits capital costs16. 
That omission affects the results of the ceas, because the 
costs of and the cost difference between the techniques 
are both underestimated.

Our cost estimates were derived from two centres in 
Ontario; further validation might therefore be required for 

generalizability to other centres with different configura-
tions, because radiotherapy costs depend on patient volume 
and other process factors33. Our costing framework can be 
modified to reflect those differences, as well as differences 
in unit cost and workflow found in other jurisdictions. For 
example, if physicists play a larger role in conducting qa in 
some centres, that difference could be reflected by changing 
the activity time for physicists in the costing model.

CONCLUSIONS

Although 3D-crt has been the standard of care for many 
patients receiving radiotherapy, imrt is increasingly 
considered for indications that require an escalated dose 
of radiation. We developed an abc model that estimates 
the costs of 3D-crt and imrt in prostate cancer and sub-
sequently adapted it to breast cancer and head-and-neck 
cancer. The cost of radiotherapy varied by disease site 
largely because of differences in treatment complexity, 
which affected the planning and qa processes and the 
number of fractions per treatment. Our costing model 
can be modified to estimate the costs of 3D-crt and imrt 
for various disease sites and settings by varying the plan-
ning and treatment times and the number of fractions 
per treatment.
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APPENDIX A: SUPPLEMENTARY METHODS

Size of Radiation Therapy Program
The size of the program in the base-case analysis is similar 
to the program at Southlake Regional Health Centre, which, 
at the time of the study, had 3 linear accelerators and used 
imrt for half their patients.

Process Costs

Radiation Oncologist Cost
Radiation oncologists in Ontario receive an annual base 
salary plus fees for each visit (McGowan T. Personal 
communication, 2009). To allocate the base funding to 
patient visits, we assumed that each radiation oncologist 
saw, on average, 275 patients annually. Every prostate 
cancer patient made 9 visits to radiation oncologists: 1 
consultation visit (fee code A345), 1 dosimetry visit (fee 
code X312 or X313), and 7 review visits (fee code A348). 
The base funding cost for the radiation oncologist per visit 
was therefore $46.57 ($115,260 / 275 / 9). That cost was 
included in each radiation oncologist visit, in addition to 
the cost obtained from the physician fee schedule (“fee 
for service”).

Nursing Cost
We the estimated nursing cost per patient by assuming that

■■ each nurse supported two radiation oncologists,
■■ each radiation oncologist saw 275 patients per year, and
■■ nursing time was split evenly between the consultation 

and review visits.

The estimated nursing cost per patient was $225.73. 
Nursing salary was estimated from the maximum job rate 
in a radiation treatment program.

Management-Related Costs
In addition to computed tomography (ct) simulation, 
dosimetry, pre-treatment preparation, and treatment 
delivery, therapists often have other responsibilities such 
as training, management, and so on. To estimate the 
costs related to management or training, we assumed 
that a centre with 3 linear accelerators had 27 full-time 
equivalent (fte) therapists (9 ftes per linear accelerator). 
Of the 27 ftes, 9 ftes were required for ct simulation and 
dosimetry, 12 were required for treatment preparation and 
delivery, and the remaining 6 ftes were for other activities 
(“management-related”), representing approximately an 
additional 29% of a fte.

For physicists and physics associates, we assumed 
an additional 20% of a fte for management-related costs.

Estimating Treatment-Related Time for Therapists
To allocate the cost of the therapist to pre-treatment 
preparation and treatment delivery, we assumed that 
4 therapists staffed a treatment unit for each linear 
accelerator and that each work shift was 8 hours (total 
work-hours: 4 × 8 = 32). Of the 32 available work-hours, 
5.5 hours were assumed to be required for pre-treatment 
preparation, and therapists were assumed to spend the 

remaining 26.5 hours on treatment delivery. Assuming 
that each linear accelerator operated for 235 days and 
treated 420 patients annually, the preparation time per 
patient was 3.08 hours (5.5 hours × 235 days / 420 patients).

During treatment delivery, therapists often spend time 
on more than just operating the linear accelerator. For each 
hour of treatment delivery on the linear accelerator, 2.86 
hours of therapist time was required for treatment-related 
work (26.5 hours × 235 days / 2174 linear accelerator oper-
ating hours).

Clinical Infrastructure
Table  ai sets out the costs allocated for acquisition and 
construction of capital equipment.

TABLE AI  Acquisition and construction cost of capital equipment, 
2009 Canadian dollars

Item Cost ($) Expected
lifespan
(years)Acquisition Construction

Linear accelerator 2,850,000 500,000 9

Treatment planning system 
  with IMRT capabilitya

1,800,000 — 5

CT simulator 1,000,000 300,000 5

Information system 2,201,818 — 5

Specialized QA equipment 
  for IMRT

142,500 — 5

a	 A system that can support 3 linear accelerators.
IMRT  = intensity-modulated radiation therapy; CT  = computed 
tomography; QA = quality assurance.

Supporting Infrastructure
Table aii presents the proportions of various hospital infra-
structure costs allocated to a radiation therapy program.

TABLE AII  Proportion of supporting infrastructure costa for a radiation 
treatment (RT) program

Cost centre RT proportion (%)

Hospital administration 15.5

Building service 10.0

Security 10.0

Laundry 10.0

Medical records 26.0

Porters 60.0

Social work 20.0

Clerical (RT) 100.0

Clinical nutrition 50.0

Utilities 10.0

Clerical (registration) 10.0

Housekeeping 10.0

a	 Radiation treatment cost / hospital cost.

Estimating Costs for Other Disease Sites
Table  aiii presents the activity time estimates that were 
used for the other disease sites analyzed.
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