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INTRODUCTION
MRI- guided radiotherapy (MR- IGRT) systems became 
available in 2012 in the USA and are available at an 
increasing number of institutions worldwide.1 MR- IGRT 
offers enhanced soft tissue contrast over cone beam CT 
image- guided radiotherapy (CT- IGRT) enabling adap-
tive radiotherapy and cine imaging during treatment with 
near real- time target tracking.2,3 These advances promise 
improved treatment accuracy and smaller treatment 
margins, which are expected to translate into fewer side- 
effects and possibly improved cure rates.4,5

Prostate cancer is the most common form of non- cutaneous 
cancer in males and is a prime target for MR- IGRT.6 The 
addition of magnetic resonance for daily image- guidance 

significantly improves visualization of the prostate and 
the soft tissue bed encasing it. MR- IGRT can identify and 
correct for differences in prostate position before treatment 
and prostate motion during treatment caused by gas in the 
rectum, bladder filling, patient movement, or respirations. 
Numerous studies have tracked these movements, which 
can substantially increase the risk of severe and costly toxic-
ities.7 The advances in motion tracking and target delinea-
tion of MR- IGRT are anticipated to reduce these toxicities 
by safely decreasing planning treatment volume (PTV) 
margins to ≤3 mm, significantly reducing treatment overlap 
with adjacent normal tissues (e.g. rectum, bladder).8

MR- IGRT is more costly than CT- IGRT, and concerns about 
overall costs could hinder the technology’s implementation. 
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Objective: To determine the toxicity reduction required 
to justify the added costs of MRI- guided radiotherapy 
(MR- IGRT) over CT- based image guided radiotherapy 
(CT- IGRT) for the treatment of localized prostate cancer.
Methods: The costs of delivering prostate cancer radio-
therapy with MR- IGRT and CT- IGRT in conventional 39 
fractions and stereotactic body radiotherapy (SBRT) 
5 fractions schedules were determined using litera-
ture values and cost accounting from two institutions. 
Gastrointestinal and genitourinary toxicity rates associ-
ated with CT- IGRT were summarized from 20 studies. 
Toxicity- related costs and utilities were obtained from 
literature values and cost databases. Markov modeling 
was used to determine the savings per patient for every 
1% relative reduction in acute and chronic toxicities by 
MR- IGRT over 15 years. The costs and quality adjusted 
life years (QALYs) saved with toxicity reduction were 
juxtaposed with the cost increase of MR- IGRT to deter-
mine toxicity reduction thresholds for cost- effectiveness. 

One way sensitivity analyses were performed. Standard 
$100,000 and $50,000 per QALY ratios were used.
Results: The added cost of MR- IGRT was $1,459 per 
course of SBRT and $10,129 per course of conventionally 
fractionated radiotherapy. Relative toxicity reductions 
of 7 and 14% are required for SBRT to be cost- effective 
using $100,000 and $50,000 per QALY, respectively. 
Conventional radiotherapy requires relative toxicity 
reductions of 50 and 94% to be cost- effective.
Conclusion: From a healthcare perspective, MR- IGRT 
can reasonably be expected to be cost- effective. Hypof-
ractionated schedules, such a five fraction SBRT, are 
most likely to be cost- effective as they require only 
slight reductions in toxicity (7–14%).
Advances in knowledge: This is the first detailed 
economic assessment of MR- IGRT, and it suggests that 
MR- IGRT can be cost- effective for prostate cancer treat-
ment through toxicity reduction alone.
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While some institutions have invested early, some healthcare 
payers and governments have requested additional cost analyses 
before investing in MR- IGRT equipment. To date, no random-
ized clinical trials have demonstrated the technology’s effective-
ness, so incremental cost- effective ratios cannot be assessed. 
However, a threshold analysis can describe the degree of toxicity 
reduction that would justify the added cost of purchasing and 
delivering MR- IGRT. This information may help healthcare 
systems and governments prioritize MR- IGRT investigation and 
power clinical trials.

METHODS
Perspective
A healthcare perspective was used, which shares all costs and 
benefits between institutions, patients, and payors. This was 
in accordance with the National Institute for Health and Care 
Excellence (NICE) guidelines, which recommend that an inter-
vention funded by the public sector with health outcomes should 
include costs of implementation, downstream costs, and cost/
health savings.9 This perspective was intended to maximize 
the comparability of the results to cost- effectiveness analyses of 
alternative interventions, such as proton beam therapy. In accor-
dance with NICE guidelines, a separate societal perspective was 
not performed as the costs outside of a healthcare perspective 
were minimal.

Radiotherapy definitions
Image guidance was defined by daily imaging with either 
CT- based or magnetic resonance- based imaging. All patients 
were assumed to be simulated with a standalone CT simulator, 
but only patients undergoing MR- IGRT received an MRI simu-
lation as well. Two treatment regimens were modeled, conven-
tional fractionation with 39 daily fractions and stereotactic body 
radiotherapy (SBRT) with 5 fractions.10 Fiducial markers were 
assumed to be used with CT- IGRT- based SBRT, but not with 
conventional fractionation or MR- IGRT.

Toxicity data collection
A literature search for a sample of studies reporting outcomes of 
daily CT- IGRT published between 2005 and 2019 was conducted 
using PubMed. The search phrase used was: “toxicity” OR 
“outcomes” AND “prostate” AND (“IGRT” OR “image guided” 
OR “image guidance” OR “helical tomography”). Article titles, 
abstracts, and manuscripts were reviewed for inclusion. Only 
studies with ≥100 participants were included to allow for 
adequate observation of toxicity. Cohorts that were reused for 
different studies were only included once. Only studies that used 
daily CT- IGRT without fiducial markers were included to avoid 
overlapping fiducial marker- related toxicity and radiotherapy 
toxicity. Fiducial marker- related toxicity resulting in hospital-
ization was included later as part of the added cost analysis.11,12 
For the literature review, toxicity rates were assumed to be equal 
between conventional, moderately hypofractionated, and hypof-
ractionated radiotherapy.13–15 Rectal spacers were not included 
as they can be used with both CT- IGRT and MR- IGRT. The 
toxicities collected were acute and chronic gastrointestinal (GI) 
and genitourinary (GU) Grade 2 and ≥3. Annual toxicity rates 

were calculated by dividing the average reported toxicity rates by 
the average number of years of follow- up.

Costs and utilities
Health states represent temporary outcomes of treatment and can 
be assigned a discrete monetary cost and utility cost measured in 
quality adjusted life years (QALYs). These values were obtained 
using previous reports in the literature, cost and utility databases, 
and 2019 Medicare Physician Fee Schedule. All interventions for 
toxicities were modified to Common Terminology Criteria for 
Adverse Events v. 5.0.

Modeling
Markov modeling was performed using MATLAB (v. R2018b, 
MathWorks, Natick, MA) to simulate annual transitions between 
health states over 15 years after completing prostate cancer treat-
ment with CT- IGRT. The median age of prostate cancer diag-
nosis is 66 years old, so 15 yearly cycles were used to simulate 
life expectancy.16,17 The first cycle used acute side- effect rates 
and subsequent cycles used chronic side- effect rates. Costs and 
utilities associated with various health states were discounted 
3% and summed over 15 cycles. The base probabilities of acute 
and chronic toxicities were then reduced by a relative 1% and the 
Markov model was performed again. The difference in costs and 
QALYs represented the savings per 1% relative side- effect reduc-
tion using MR- IGRT. These outcomes were termed incremental 
cost savings (ICS) and incremental QALYs gained (IQG).

Transition probabilities
Transition probabilities are the probabilities of moving from one 
health state to another or remaining in the same health state. A 
diagram of the transitions used in this analysis is reported in 
Figure 1. A previously reported hazard ratio of 1.8 was applied 
to the transition probability between acute and chronic side- 
effects health states.18 This hazard ratio was assumed to also 
apply to remaining in the chronic side- effects health state. 
Cancer outcomes were assumed to be the same for CT- IGRT and 
MR- IGRT for the purposes of this analysis.

Added cost of MR-IGRT
The costs of MR- IGRT and CT- IGRT are dependent on the 
number of unique patients that can be treated with each modality 
over 15 years. These data were obtained by conducting interviews 
with staff at the University of Miami and H. Lee Moffitt Cancer 
Center Radiation Oncology Departments regarding treatment 
and simulation durations and system operating time. CT- IGRT 
was assumed to be accompanied by a standalone CT simulator 
that enabled continuous treatments and concurrent simulations. 
The MR- IGRT system is used for simulations and treatment, so 
its daily operating time was divided between both functions.

The costs of purchasing and maintaining CT- IGRT and MR- IGRT 
units were obtained by reviewing the literature. CT- IGRT costs 
were assessed for a CT- based image guidance unit with a linear 
accelerator. MR- IGRT costs were assessed for a MR- based image 
guidance unit with a linear accelerator. Ranges were obtained 
from the literature and verified using costs incurred and projected 
at two institutions. The University of Miami uses the ViewRay 

http://birpublications.org/bjr
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(Oakwood Village, OH) MRIdian system (initially Cobalt-60 
based system under upgrade to linear accelerator system) and 
H. Lee Moffitt Cancer Center uses the ViewRay MRIdian with 
a linear accelerator. The cost of items specific to MR- IGRT not 
covered under non- disclosure agreements were reported and 
averaged between the two institutions. The cost of items specific 
to CT- IGRT were related to fiducial marker implantation and 
were obtained from the 2019 Medicare Physician Fee Schedule, 
Pharmaceutical Federal Supply Schedule, and Healthcare Cost 
and Utilization Project database.

Time- driven activity- based costing was used to determine the 
cost of all steps of patient care including: consultation, simula-
tion, planning, treatment, on- treatment visits, and follow- up 
visits (over 15 years). For each step, personnel time and costs 
were determined using literature values, interviews with staff, 
and records of staff salaries.

All costs were added together and divided by the estimated 
total number of unique patients treated over 15 years with each 
modality. The difference between CT- IGRT and MR- IGRT was 
the added cost of treatment with MR- IGRT.

Side-effect reduction
The ICS and IQG obtained from Markov modeling were used 
with the added cost of treatment per patient to determine side- 
effect reduction thresholds for cost- effectiveness. This was calcu-
lated using standard $50,000/QALY and $100,000/QALY metrics 
in Equation 1.19 This equation was derived using standard equa-
tions for cost- effectiveness modeling (Supplementary Material 
1)20:

 %SER = Cost of MR IGRT−Cost of CT IGRT
IQG∗ACWP+ICS   

ACWP, added cost willing to pay ($ per QALY, analyzed at 
$50,000/QALY and $100,000/QALY thresholds); ICS, incre-
mental cost savings ($ per 1% side- effect reduction); IQG, 

incremental QALYs gained (QALYs per 1% side- effect reduc-
tion); %SER, percent relative side- effect reduction (%)

Sensitivity analysis
One- way sensitivity analyses were performed on conventional 
therapy and SBRT using $50,000/QALY and $100,000/QALY. 
The ranges for all costs were based on literature values or ±25% 
of the base estimate, except utilities which were ±0.10 of the base 
estimate. A Monte- Carlo simulation was not used to generate 
cost- effectiveness acceptability curves as the model outcomes 
were percent side- effect reductions (Equation 1) rather than 
incremental cost- effective ratios.

RESULTS
Unique patients
The number of unique patients treated using conventional 
fractionation was calculated based on 20 min treatments for 
CT- IGRT and 30 min treatments and 60 min MRI simulations 
for MR- IGRT. Both radiotherapy units were assumed to be oper-
ational for 8 h/day, 5 days/week, for 15 years with 10 operational 
days/year subtracted for holidays and maintenance. For conven-
tional fractionation (39 fractions), CT- IGRT could perform 24 
treatments per day. MR- IGRT was required to divide operational 
time between treatments (15.2/day) and simulations (0.4/day). 
If both machines operated at maximum capacity for 15 years, a 
total of 2308 unique patients could be treated with CT- IGRT and 
1463 with MR- IGRT. For five fraction SBRT, CT- IGRT main-
tained 24 treatments per day and MR- IGRT decreased to 11.4 
treatments per day to accommodate more simulations (2.3/day) 
for the higher number of unique patients. At maximum capacity 
over 15 years, 18,000 unique patients could be treated with 
CT- IGRT and 8571 with MR- IGRT.

Added cost of MR-IGRT
The total cost of each modality was divided by the number of 
unique patients to determine the cost per patient (Table 1). For 
conventional fractionation, this was $8707 with CT- IGRT and 

Figure 1. A simplified diagram of the health state transitions used in the Markov model. The specific acute and chronic toxicities 
(GI Grade 2, GI Grade ≥3, GU Grade 2, and GU Grade ≥3) are not shown, but were included in the model as part of the relapse free 
acute and chronic side- effects states. The acute side- effects health state was used only for the first cycle and the late side- effects 
health state was used for cycles 2–15. CA, cancer; GU, genitourinary ; RF, relapse free; SE, side- effects

http://birpublications.org/bjr
www.birpublications.org/doi/suppl/10.1259/bjr.20200028/suppl_file/Appendix A-E Clean.docx
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$18,836 with MR- IGRT. For SBRT, this was $5357 with CT- IGRT 
and $6816 with MR- IGRT. The net added cost of MR- IGRT was 
$10,129 per patient for conventional fractionation and $1459 per 
patient for SBRT.

Literature search
The literature search resulted in 554 articles. Of these, 20 articles 
met the inclusion criteria. Table 2 synthesizes the study designs, 
oncologic outcomes, and toxicities.

Modeling 1% side-effect reduction
The base probabilities, monetary costs, and utilities of each health 
state used in the Markov model are reported in Table 3. Detailed 
cost and utility breakdowns of each health state are reported in 
Supplementary Material 1. Supplementary Material 1 contains all 
transition probabilities between the comparison groups and the 
Markov model script used in MatLab. A graph of compounded 
incidence of each health state over 15 annual cycles is provided in 
Supplementary Material 1 to demonstrate the model’s replication 
of reported outcomes of CT- IGRT. For every 1% relative reduc-
tion in toxicity, the ICS was $13.76 and IQG was 0.0019.

Side-effect reduction
The ICS and IQG per 1% relative toxicity reduction were juxta-
posed with the added cost of treatment using Equation 1. The 
side- effect reduction thresholds for cost- effectiveness of conven-
tional fractionation were 94 and 50% using standard ratios of 
$50,000/QALY and $100,000/QALY, respectively. For SBRT, side- 
effect reduction thresholds were 14 and 7%, respectively. These 
thresholds are presented in Figure 2. The side- effect reductions 
required to justify MR- IGRT’s added costs based on a range of 
added costs willing to pay per QALY are presented in Figure 3A 
(conventional fractionation) and 3B (SBRT).

Sensitivity
One- way sensitivity analyses were performed for each fraction-
ation regimen and cost/QALY threshold. Figure 4 reports these 
findings in a tornado diagram for conventional radiotherapy 
(4A) and SBRT (4B) using $100,000/QALY. The factors with 
the highest impact on side- effect reduction were: number of 
unique patients treated with MR- IGRT and CT- IGRT, costs of 
MR- IGRT units and their maintenance, and GU and GI Grade 2 
utility. Supplementary Material 1 contains additional sensitivity 
diagrams.

DISCUSSION
This study describes the relative side- effect reductions that 
MR- IGRT needs to achieve to be considered a cost- effective 
alternative to CT- IGRT for treatment of localized prostate cancer. 
Our findings demonstrate that even a slight reduction in overall 
toxicity of 7% with stereotactic body MR- IGRT can render the 
technology cost- effective using a standard cost/QALY metric of 
$100,000/QALY. A conventionally fractionated schedule requires 
greater toxicity reduction of 50% using $100,000/QALY, but cost- 
effectiveness remains possible.

The results of this study are put into perspective when compared to 
proton beam therapy (PBT). A study comparing the costs of PBT 
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to conventional therapy with intensity modulated radiotherapy 
(IMRT) found the added cost of PBT to be $36,445 per patient.61 
By using Equation 1 to juxtapose the added cost of PBT with ICS 

and IQG for every 1% side- effect reduction, PBT is calculated to 
require 179% relative side- effect reduction to be cost- effective 
using $100,000/QALY. Because relative side- effect reduction 

Table 3. Health states probability, cost, and utility

Base probabilitya Cost ($)b Utilityb
Acute GU (first cycle)  

Acute GI Grade 2 toxicity 0.1133  730.0746–48 0.786749

Acute GI Grade ≥3 toxicity 0.0019  11,147.7946–48,50 0.50351,52

Acute GU Grade 2 toxicity 0.2258  452.7947 0.798349

Acute GU Grade ≥3 toxicity 0.0158  8,109.5047,53 0.4354,55

Chronic SE (cycles 2+)  

Chronic GI Grade 2 toxicity 0.0117 730.0746–48 0.786749

Chronic GI Grade ≥3 toxicity 0.0051  11,147.7946–48,50 0.50351,52

Chronic GU Grade 2 toxicity 0.0178  452.7947 0.798349

Chronic GU Grade ≥3 toxicity 0.0040  8,109.5047,53 0.4354,55

Recurrence (Biochemical) 0.0229c 14,011.7556,57 0.4958

Non- cancer death 0.0397d 0 0.00

Cancer death 0.0036e 0 0.00

GI, gastrointestinal;GU, genitourinary.
aBase probabilities were obtained from averages in Table 2.
bFull cost and utility breakdown is available in Appendix B.
cA probability of 0.18 was used for recurrence to remain in the recurrence health state.59

dBased on a 66 year old male with a 17.2 year life expectancy.18
eA probability of 0.03 was used for recurrence to transition to the cancer death health state.60

Figure 2. Side- effect reduction thresholds for a range of added costs of MR- IGRT The two solid cost/QALY lines demonstrate the 
direct relationships between added cost of MR- IGRT and side- effect reduction needed to be cost- effective. As added costs of MR- 
IGRT increases, more side- effect reduction is needed to justify its use. The dotted lines represent the added costs of the two frac-
tionation schedules determined by the cost assessment. SBRT’s added cost is $1,459 per patient and conventionally fractionated 
radiotherapy added cost is $10,129 per patient. The points where the dotted lines intersect the solid lines represent the minimum 
side- effect reductions MR- IGRT need to achieve to be cost- effective. For SBRT, the thresholds are 14% using $50,000/QALY and 
7% using $100,000/QALY. For conventional fractionation, the thresholds are 94% using $50,000/QALY and 50% using $100,000/
QALY. MR- IGRT, MRI- guided radiotherapy; QALY, quality adjusted life year; SBRT, stereotactic body radiotherapy.
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cannot exceed 100%, this indicates PBT cannot be cost- effective 
through toxicity reduction alone. In contrast, MR- IGRT with 
conventional radiotherapy can be cost- effective through toxicity 
reduction alone using both $100,000/QALY and $50,000/QALY 
(50 and 94% side- effect reduction, respectively). Further, prostate 
SBRT is not commonly proposed for PBT, but SBRT is commonly 
proposed for MR- IGRT.4,8 The low number of fractions with SBRT 
and relatively low cost of MR- IGRT compared to PBT reduces 
the necessary clinical improvement for cost- effectiveness to less 
than 1/25th of that needed for PBT (7% vs 179%). These findings 
put MR- IGRT’s likelihood of achieving cost- effectiveness into 
perspective. Even small degrees of clinical benefit with MR- IGRT 
can make it cost- effective for prostate radiotherapy.

One key finding is that SBRT has considerably lower side- effect 
reduction thresholds for cost- effectiveness than conventional 

schedules. This can be explained by the higher volume of 
patients treated over 15 years when only five fractions are used 
per patient. It allows the static costs of purchasing, installing, 
and maintaining the machines to be distributed over nearly eight 
times as many patients, assuming both CT- IGRT and MR- IGRT 
operate at maximum capacity over 15 years.

Maximum treatment capacity has the largest impact on the 
overall outcome of the model, as seen in the sensitivity anal-
yses. An institution that cannot maintain CT- IGRT at maximum 
treatment capacity of 24 treatments per day would likely have a 
lower threshold for cost- effectiveness (i.e. easier for MR- IGRT 
to achieve cost- effectiveness) as the cost per patient of CT- IGRT 
increases. In contrast, an institution with MR- IGRT treatment 
and simulation times longer than 30 and 60 min would likely 
have increased added costs of MR- IGRT per patient making 
cost- effectiveness more difficult to achieve (Figure 2).

Figure 3. Figures 3A and 3B demonstrate the side- effect 
reductions that are required for a range of added costs that 
healthcare systems may be willing to pay per QALY for MR- 
IGRT. These were generated with Equation 1 using the val-
ues for “incremental cost savings per 1% toxicity reduction” 
and “incremental QALYs gained per 1% toxicity reduction” 
obtained from Markov modeling and cost values obtained 
from the added cost assessment. Figure 3A is for convention-
ally fractionated MR- IGRT and Figure 3B is for SBRT. MR- IGRT, 
MRI- guided radiotherapy; QALY, quality adjusted life year; 
SBRT, stereotactic body radiotherapy.

Figure 4. A: One way sensitivity of conventional radiotherapy 
using $100,000/QALY. 4B: One way sensitivity of SBRT using 
$100,000/QALY. Table  1The tornado diagrams demonstrate 
the impact each variable’s range has on the overall outcome 
of side- effect reduction threshold for cost- effectiveness. Var-
iables at the top have the largest impact on the results while 
variables at the bottom have the smallest impact. * Range is 
reported in Table 1. CT- IGRT, CT- guided radiotherapy; GI, gas-
trointestinal; GU, genitourinary; MR- IGRT, MRI- guided radio-
therapy; QALY, quality adjusted life year
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Other large influences on the model stem from high cost items, 
such as MR- IGRT units and their maintenance. The mean of 
large publicly available ranges, verified with costs from two insti-
tutions, were used in this model. The estimates are supported 
by a previous economic analysis by Parikh on CT- IGRT and 
MR- IGRT for stereotactic liver radiotherapy.62 Although the 
published abstract did not report individual costs of services and 
items, the overall added cost assessment ($1,107) is similar to our 
two institution study ($1,459). This suggests that any potentially 
large cost differences in individual services or items between 
studies were balanced by the overall estimates of the remaining 
costs of radiotherapy.

The toxicity rates of CT- IGRT without fiducial markers reported 
in this study are similar to rates reported in a meta- analysis 
of 38 SBRT studies with fiducial markers.63 All late toxicities 
were within 2% except GU Grade 2 toxicity, which was 7.8% in 
our study and 12.1% in the meta- analysis. Our study assumed 
radiotherapy toxicity rates were equal between the regimens. 
However, if the incidence of late GU Grade 2 toxicity is higher 
with SBRT with fiducial markers, then the side- effect reduction 
threshold for cost- effectiveness of MR- IGRT would likely be 
lower than 7% using $100,000/QALY. This is because every 1% 
relative toxicity reduction results in a larger decrease in absolute 
toxicity (i.e. more costs and QALYs saved) when a higher inci-
dence of toxicity exists. As a result, less relative toxicity reduction 
is needed for cost- effectiveness.

The healthcare perspective of the model views the benefits of 
reduced toxicities, borne primarily by the payor and patient, as 
compensation for the added costs of MR- IGRT, borne primarily 
by the institution delivering radiotherapy. A narrower perspec-
tive, such as a patient or institution perspective, is likely to see an 
uneven distribution of costs and benefits within the healthcare 
system that could result in vastly different thresholds for cost- 
effectiveness. A broader societal perspective is unlikely to change 
the results significantly as most prostate radiotherapy patients 
are retired (median age 66), and therefore are not contributing to 
the workforce.17 The few societal factors that could be included, 
such as transportation related to side- effect treatment, were 
unlikely to substantially change overall outcomes and warrant 
a separate analysis. This is supported by the sensitivity analysis 
demonstrating that even a 25% increase in side- effect costs had 
minimal influence on thresholds for cost- effectiveness (<1% 
for each toxicity, Figure 3). Results can therefore be considered 
similar to a societal perspective.

The findings in this study on prostate cancer may apply to treat-
ment of cancer at other sites. MR- IGRT’s enhanced soft tissue 
contrast and capability to pause, or even adjust, the beam when 
targets move beyond treatment margins has been speculated to 
enable PTVs to be safely reduced to ≤3 mm.8,64,65 In head/neck 
cancer, a dosimetric study predicted these advances will reduce 
incidences of dysphagia ≥Grade 2 by 11%, feeding tube depen-
dence by 4%, xerostomia by 1%, and hypothyroidism by 5%.66 
Similar benefits may also be realized in advanced pancreatic 
cancer where high doses of IMRT have been shown to improve 

overall survival, but can cause high toxicity to radiosensitive 
organs surrounding the pancreas.5,67 The smaller treatment 
margins with MR- IGRT may increase the total tolerable radia-
tion dose delivered to improve survival. Given the findings in 
our prostate cancer study demonstrating that slight reductions in 
toxicity can be cost- effective, the potential for toxicity reductions 
and possibly even improved oncologic outcomes at other sites 
would expand the cost- effective feasibility of MR- IGRT.

One primary limitation of this study is the lack of a universal 
“standard therapy” definition. Cone beam CT with or without 
fiducials, X- ray methods with fiducials, no image guidance with 
lower radiotherapy doses, and ranges of fractionation are used in 
practice. Any of these techniques could be considered standard 
therapy so the CT- IGRT standard used in this study may not 
apply to all institutions. A randomized clinical trial comparing 
MR- IGRT to CT- IGRT would better control for variations in 
treatment and a host of other assumptions required to produce 
this model. The assumptions described in this study will need 
to be updated as more data regarding prostate cancer treatment 
become available.

CONCLUSION
MRI- IGRT can easily be cost- effective for stereotactic pros-
tate cancer treatment as only a slight reduction in overall side- 
effects is required (7% using $100,000/QALY). Conventional 
fractionation would require a greater side- effect reduction (50% 
using $100,000/QALY), but cost- effectiveness remains possible. 
Thresholds for both of these regimens are low compared to a 
previous report on PBT’s added cost, which would require >100% 
toxicity reduction to be cost- effective. The costs and equations 
reported in this study can be used to tailor threshold estimates 
to individual institutions and to update cost- effective estimates 
as future clinical trials report outcomes of prostate cancer radio-
therapy with MR- IGRT.
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