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Purpose: In the United States, brain metastases (BMs) affect 10% to 20% of patients with cancer, presenting a significant health care
challenge and necessitating intricate, high-cost treatments. Few studies have explored the comprehensive care cost for BMs, and none
have used real insurance claims data. Partnering with a northeastern health care insurer, we investigated the true costs of various brain-
directed radiation methods, aiming to shed light on treatment expenses, modalities, and their efficacy.

Methods and Materials: We analyzed medical claims from Highmark Health-insured patients in Pennsylvania, Delware, West
Virginia, and New York diagnosed with BMs (ICD-10 code C79.31) and treated with radiation from January 1, 2020 to July 1, 2022.
Costs for radiation techniques were grouped by specific current procedural terminology claim codes. We subdivided costs into
technical and physician components and separated hospital from freestanding costs for some modalities.

Results: From January 1, 2020 to July 1, 2022, 1048 Highmark Health members underwent treatment for BMs. Females (n = 592)
significantly outnumbered males (n = 456), with an average age of 64.4 years. Each member had, on average, 5.309 claims costing
$2015 per claim. Total cost totaled $10,697,749. Per-treatment analysis showed that hippocampal avoidance intensity modulated
radiation therapy was the costliest treatment at $47,748, followed by stereotactic radiation therapy at $37,230, linear accelerator
stereotactic radiosurgery (SRS) at $30,737, Gamma Knife SRS at $30,711, and whole-brain radiation therapy at $5225.

Conclusions: Whole-brain radiation therapy was the least costly radiation technique. Similar per-treatment prices for Gamma Knife and linear
accelerator SRS support their use in treating BMs. Stereotactic radiation therapy in general was costlier on a per-use basis than SRS, prompting
further scrutiny on its frequent use. Hippocampal avoidance intensity modulated radiation therapy was the costliest radiation therapy on a
per-use basis by a moderate amount, prompting further discussion about its comparative cost effectiveness against other radiation modalities.
This study underscores the importance of multiple considerations in treating BMs, such as tumor control, survival, side effects, and costs.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

In the United States, brain metastases (BMs) are a criti-
cal health issue, impacting a significant number of
patients with cancer. Estimates show that 10% to 20% of

Research data are stored in an institutional repository and will be all patients with cancer will be affected by BMs. Lung
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The financial burden of treating these malignancies is
felt by both patients and the health care system as a whole.
The total cost of treating BMs has remained largely
unknown because few studies have incorporated insur-
ance claims data into total cost of care analyses. One study
analyzed cost effectiveness of stereotactic radiosurgery
(SRS) alone compared with whole-brain radiation therapy
(WBRT) plus SRS in treating 1 to 3 metastases and con-
cluded that SRS alone is more cost effective than WBRT
with SRS.” However, no studies to date have incorporated
real payer data into a comparative analysis of the cost of
using different radiation modalities to treat BMs.

A vpartnership with a major northeastern United States
health care insurer has allowed us to gain a better under-
standing of the total cost of care for treating BMs with
different forms of radiation therapy. Treatment often
includes radiation therapy, chemotherapy, surgical resec-
tion, or a combination of multiple therapies. Common
radiation modalities include WBRT, Gamma Knife (GK)
and linear accelerator (LINAC) SRS and stereotactic radia-
tion therapy (SRT), and hippocampal avoidance intensity
modulated radiation therapy (HA-IMRT), which involves
sparing the hippocampus of prescription doses of radia-
tion because it is believed to play a key role in mediating
neurocognitive recovery after brain-directed radiation.”®

Multiple studies have sought to compare effectiveness
between these radiation modalities. One such study found
that combining WBRT with SRS did not improve survival
for patients with 1 to 4 BMs compared with using SRS
alone. However, individuals who did not receive WBRT
experienced a significantly higher occurrence of intracranial
relapse.” Others have shown a higher incidence of cognitive
decline observed with WBRT in contrast to SRS, with no
significant variation in overall survival between the 2 treat-
ment modalities. SRS has emerged as a recommended stan-
dard of care, providing a less toxic yet equally effective
alternative to WBRT.”'® These studies emphasize the
importance of considering both the effectiveness and side
effects of various brain-directed radiation techniques when
treating BMs as well as the need for personalized treatment
strategies based on individual patient needs.

Our study serves to uncover the costs incurred by a
major Northeast United States insurance company in
both planning for and treating BMs using the aforemen-
tioned modalities of radiation. We also sought to distin-
guish the number of patients with BMs (ICD-10 C79.31)
treated with various radiation techniques by year, age,
sex, physical location where procedure was performed,
specialty, and geography as well as determine cost per
claim and cost per year (2020-2022).

Methods and Materials

This study was a secondary data analysis of the cost of
care for BMs using medical claims data from commercial

members insured by Highmark Health in Pennsylvania,
Delaware, West Virginia, and New York. The use of dei-
dentified patient data in this study was approved under
Highmark Health’s institutional review board number
2021 to 121 titled “Outcomes of Medical Policy CED/
New Technology, QM &QA COVID-19 and Underlying
Conditions, SDoH, Health Equity Program Mitigations
Among Insured Members Using Claims Data.”""

Patients with medical claims filed under the ICD-10
code C79.31 (secondary malignant neoplasm of brain)
from January 1, 2020 to July 1, 2022 who received radia-
tion treatment were included in the study. Patient demo-
graphic data were collected and totaled on the basis of
year of treatment, age, sex, physical location, and geogra-
phy. Total number of medical claims filed under C79.31
in the study date range was then tabulated, and an aver-
age number of claims filed per patient was calculated.
The total cost for treating BMs across all covered
patients was then calculated by totaling the cost of
each individual claim. Average cost per claim was cal-
culated by dividing the total cost by the number of
individual claims.

To better understand how the costs of the individual
components of each patient’s radiation treatments factor
into total cost of treatment across all patients, we devised
a grouping system that sought to uncover how cost of
care differed across various radiation modalities. Types of
radiation modality used include GK SRS, GK SRT,
LINAC SRS, LINAC SRT traditional WBRT, and HA-
IMRT. This differentiation was accomplished by creating
groups and assigning certain current procedural terminol-
ogy (CPT) claim codes to each group. For example, only
the CPT codes used to bill for GK SRS under the “High-
mark Radiation Therapy Authorization Program”''
guidelines were assigned to the GK SRS group. This same
grouping protocol was applied to each individual radia-
tion modality used to treat BMs in our patient cohort.
These groups were then subdivided into subgroups based
on type of service billed (technical component or physi-
cian component of treatment). For instance, certain CPT
codes are used to bill for the technical components of
radiation treatment such as CPT code 77290, “Therapeu-
tic Radiology Simulation; complex,”11 while others are
used to bill for the physician components of radiation
treatment such as CPT code 77263, “Therapeutic Radiol-
ogy treatment planning; complex.”'' Multiple CPT claim
code groups were created for the radiation modalities
LINAC SRT, traditional WBRT, and HA-IMRT because
they were implemented in both hospital and freestanding
locations. This additional grouping allowed for the dis-
tinction of the cost of care in hospital versus freestanding
settings.

Specific CPT code groupings can be found in Table 1.
Claim counts for each CPT code were tallied and can be
found in Table 2 along with individual CPT codes used in
the study.
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Table 1

Complete list of radiation modalities used to treat brain metastases in this study, as well as the current proce-

dural terminology (CPT) codes used to bill for each radiation modality

free standing

HA-IMRT, hospital

HA-IMRT, free standing N/A

Radiation Modality Technical component CPT Physician component CPT
GK SRS hospital 77290, 77280, 77295, 77334, 77370, 77300, 77263, 77290, 77280, 77295, 77432, 77334,
77371, 77470 77300, 77470
GK SRT hospital 77290, 77280, 77295, 77334, 77370, 77300, 77263, 77290, 77280, 77295, 77435, 77334,
77373, 77470, 77336 77300, 77470
LINAC SRS hospital 77301, 77338, 77334, 77300, 77372, 77470 77263, 77301, 77338, 77432, 77334, 77300,
77470
LINAC SRT hospital 77301, 77338, 77334, 77300, 77373, 77470, 77263, 77301, 77338, 77435, 77334, 77300,
77336 77470
LINAC SRT, freestanding N/A 77301, 77338, 77300, 77334, 77373, 77470,
77336, 77263, 77435
Traditional WBRT, 77290, 77334, 77307, 77280, 77412, 77336, 77263, 77334, 77290, 77307, 77427, 77280
hospital 77417
Traditional WBRT, N/A 77263, 77290, 77334, 77307, 77300, 77280,

77334, 77301, 77338, 77300, 77386, 77336

77336, 77427, 77417, 77412, G6012

77263, 77334, 77301, 77338, 77300, 77427,
77387,77014

77263, 77334, 77301, 77338, 77300, 77427,
77336, 77386, G6017, 77387, 77014

Abbreviations: GK = Gamma Knife; HA-IMRT = hippocampal avoidance intensity modulated radiation therapy; LINAC = linear accelerator; N/
A = not applicable; SRS = stereotactic radiosurgery; SRT = stereotactic radiation therapy; WBRT = whole-brain radiation therapy.

CPT codes are used to either bill for a technical component, such as for equipment or execution of radiation delivery, or for a physician component,
such as for planning or continuing education, and are grouped accordingly.

Results

For the period of the study, January 1, 2020 to July
1, 2022, there were a total of 1048 Highmark Health
members treated for BMs with the various radiation
techniques previously described. There were signifi-
cantly more females (n = 592) than males (n = 456)
treated (P = .003), and the average age was 64.4 years.
The number of medical claims per member was 5.309,
and the average cost per claim was $2015. The com-
bined total cost of treating BMs across the 4 states
totaled $10,697,749.

In analyzing the total cost for each individual radiation
modality and differentiating this cost by technical versus
professional (physician) component, there was notable
overlap in CPT code sharing. For example, many CPT
codes billed under ICD-10 code C79.31 can be applied to
multiple of the radiation modalities included in this study.
Therefore, the calculation of total cost for each radiation
modality includes an intrinsic redundancy so that the
actual total cost across all modalities is lower than the
sum of the cost of each radiation modality as calculated
by totaling the cost of all CPT codes that apply to that
modality. Using this protocol to calculate the cost of
employing each radiation modality yields GK SRS
(hospital) as the most expensive overall radiation

treatment at $6,387,882, followed by GK SRT (hospital;
$4,814,449), LINAC SRT (hospital; $4,032,990), LINAC
SRS  (hospital;  $2,889,359), HA-IMRT (hospital;
$2,724,946), traditional WBRT (hospital; $2,011,506), tra-
ditional WBRT (freestanding; $104,591), HA-IMRT (free-
standing; $93,007), and LINAC SRT (freestanding;
$87,688). Although GK modalities constituted the 2 most
expensive overall treatment techniques, the most expen-
sive physician components of any treatment modality
came from LINAC SRS and SRT ($751,381 and $718,200,
respectively), followed by HA-IMRT (hospital; $684,086),
GK SRT and SRS ($522,189 and $507,513, respectively),
and traditional WBRT (hospital; $472,907). The most
expensive technical component across all radiation
modalities was that for GK SRS ($5,880,369), and the least
expensive technical component was for traditional WBRT
(hospital; $1,538,599).

The most commonly billed CPT codes were 77334
(treatment devices; complex), 77300 (basic radiation
dosimetry), 77263 (therapeutic radiology treatment
planning; complex), 77295 (3-dimensional radiation
therapy plan, including dose-volume histograms), and
77290 (therapeutic radiology simulation; complex). The
entire list of CPT codes billed for along with their corre-
sponding descriptions and billing frequencies can be
found in Table 1.
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Table2 Complete collection of all current procedural terminology (CPT) codes used by the health insurer to bill for the
planning and delivery of radiation treatments targeting brain metastases using various radiation modalities

CPT code  Description Radiation modalities used Number of claims
77014* CT guidance for placement of radiation therapy fields =~ HA-IMRT* 360
77263 Therapeutic radiology treatment planning; complex GK SRS, GK SRT, LINAC SRS, 1047
LINAC SRT, WBRT, HA-IMRT
77280 Therapeutic radiology simulation; simple GK SRS, GK SRT, WBRT 520
77290 Therapeutic radiology simulation; complex GK SRS, GK SRT, WBRT 788
77295% 3D radiation therapy plan, including dose-volume GK SRS, GK SRT* 953
histograms
77300 Basic radiation dosimetry GK SRS, GK SRT, LINAC SRS, 1313
LINAC SRT, WBRT, HA-IMRT
77301 IMRT planning LINAC SRS, LINAC SRT, HA- 335
IMRT
77307* Teletherapy isodose plan; complex (multiple treat- WBRT* 302
ment areas, tangential ports, the use of wedges,
blocking, rotational beam, or special beam consid-
erations), includes basic dosimetry calculation(s)
77334 Treatment devices; complex GK SRS, GK SRT, LINAC SRS, 2158
LINAC SRT, WBRT, HA-IMRT
77336 Continuing medical physics consultation GK SRT, LINAC SRT, WBRT, HA- 368
IMRT
77338 Multileaf collimator device(s) for IMRT, design and LINAC SRS, LINAC SRT, HA- 357
construction per IMRT plan IMRT
77370* Special medical physics consultation GK SRS, GK SRT* 149
77371% Stereotactic radiosurgery treatment delivery, com- GK SRS* 208
plete course of treatment of cerebral lesion(s) 1 ses-
sion, multisource Cobalt 60 based
77372% Stereotactic radiosurgery treatment delivery, com- LINAC SRS* 94
plete course of treatment of cerebral lesion(s) 1 ses-
sion, LINAC based
77373 Stereotactic body radiation therapy delivery per frac- GK SRT, LINAC SRT 225
tion 1 or more lesions; including image guidance
not to exceed 5 fractions
77386* IMRT delivery, includes guidance and tracking, when HA-IMRT* 59
performed; complex
77387* Guidance for localization of target volume for deliv- HA-IMRT* 218
ery of radiation treatment delivery, includes intra-
fraction tracking, when performed
77412* Radiation treatment delivery, >1 MeV; complex WBRT* 404
77417% Therapeutic radiology port films WBRT* 101
77427 Radiation treatment management, 5 treatments WBRT, HA-IMRT 508
77432 Stereotactic radiation treatment management cere- GK SRS, LINAC SRS 430
bral lesion(s) complete course of treatment consist-
ing of 1 session
77435 Stereotactic body radiation treatment management GK SRT, LINAC SRT 240
per treatment course; 1 or more lesions, including
image guidance entire course not to exceed 5
fractions
(continued on next page)
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Table 2 (Continued)
CPT code  Description Radiation modalities used Number of claims
77470 Special treatment procedure (eg, total body radiation, GK SRS, GK SRT, LINAC SRS, 116
hemibody radiation, per oral endocavity or intrao- LINAC SRT
perative cone irradiation)
G6012* Radiation treatment delivery, 3 or more separate WBRT* 1
treatment areas, custom blocking, tangential ports,
wedges, rotational beam, compensators, electron
beam; 6-10MeV
G6017* Intrafraction localization and tracking of target or HA-IMRT* 0
patient motion during delivery of radiation therapy
(eg, 3D positional tracking, gating, 3D surface
tracking), each fraction of treatment
Abbreviations: 3D = 3-dimensional; CT = computed tomography; GK = Gamma Knife; HA-IMRT = hippocampal avoidance intensity modulated
radiation therapy; LINAC = linear accelerator; SRS = stereotactic radiosurgery; SRT = stereotactic radiation therapy; WBRT = whole-brain radiation
therapy.
*Specific CPT codes and radiation modalities in the study that were uniquely used to bill for 1 type of radiation modality.

A more in-depth analysis of CPT codes revealed that
a few of the CPT codes used to bill for treatment of
BMs were unique to certain radiation modalities. The
extremely narrow scope of these CPT codes allows for the
direct comparison of the frequency of use of GK, LINAC,
WBRT, and HA-IMRT. In addition, our CPT code analy-
sis showed that a specific CPT code unique for GK SRS
radiation treatment (77371) was billed 208 times while a
specific CPT code unique for LINAC SRS radiation treat-
ment (77372) was billed 94 times. It should still be noted
that, altogether, 240 claims were made for delivery of SRT
using the nonspecific CPT code 77435 (“Stereotactic body
radiation treatment management per treatment course;
1 or more lesions, including image guidance entire course
not to exceed 5 fractions”'') with a total cost of
$8,935,127 and an average cost per radiation therapy of
$37,230. However, difference in cost between GK SRT
and LINAC SRT could not be determined directly given
the aforementioned limitations of our data set. Given that
GK SRS radiation cost a total of $6,387,882 across 208
suspected treatments, the average cost per treatment,
including all other costs was approximately $30,711.
Given that LINAC SRS radiation cost a total of
$2,889,359 across 94 suspected treatments, the average
cost per treatment including all other costs was $30,737.
In addition, CPT codes 77307 and G6012 were billed a
total of 405 times and were unique to only WBRT treat-
ment delivery, while CPT code 77386 was unique to HA-
IMRT treatment delivery and was billed 59 times. Given
that the total overall cost for WBRT was $2,116,097, the
total overall cost for HA-IMRT was $2,817,953, and that
WBRT treatment was billed a total of 405 times compared
with 59 times for HA-IMRT, it can be extrapolated that
HA-IMRT is more expensive on a per-use basis, with

WBRT costing $5225 per treatment including all other
costs and HA-IMRT costing $47,748 per treatment
including all other costs (Fig. 1). The remainder of the
1048 patients treated for BMs had radiation treatments
billed 116 times under CPT code 77470 “Special Treat-
ment Procedure (eg, total body radiation, hemibody radi-
ation, per oral endocavity or intraoperative cone
irradiation),”"" a nonspecific code used to bill for both
forms of SRS and SRT that yielded 116 claims.

A complete list of defined CPT codes used in the study
as well as the number of times they were billed can be
found in Table 1. CPT codes were associated with billing
for a specific treatment type as outlined in Table 2 and
defined by the health care insurer.

Unfortunately, our study is unable to significantly elab-
orate on a cost-effectiveness analysis between the radia-
tion modalities being discussed due to the fact that we
lack individualized data on the subjects included in our
study. Accessible data for use in this study did not include
individual patient data on radiation modality received,
survival duration, adjunct treatments received, or dura-
tion of therapy. Therefore, our study serves to uncover
broader cost and spending trends in the treatment of BMs
rather than a true cost-effectiveness analysis of each radia-
tion modality.

Discussion

There are many factors to consider when choosing
a radiation modality to treat BMs. Local control of the
tumor, overall survival of patients after radiation
treatment, side effect profile, and potentially even cost of
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Cost of Radiation Therapy to Treat Brain Metastases

$60,000

$50,000 $47,748

Average cost per course of tradiation treatment

$40,000
$30,737

$30,000

$20,000

$10,000

S0

HA-IMRT LINAC SRS GK SRS WBRT GK SRT

$30,711

I $5,225

LINAC SRT

Type of radiation therapy

Figure 1 Average total cost per round of radiation therapy delivered across all radiation modalities used to treat brain
metastases in the patient cohort. Average cost for Gamma Knife (GK) stereotactic radiation therapy (SRT) and linear
accelerator (LINAC) SRT was unable to be calculated due to the lack of unique current procedural terminology codes, and
therefore lack of clarity in claim count, pertaining to each treatment technique. Abbreviations: HA-IMRT = hippocampal
avoidance intensity modulated radiation therapy; WBRT = whole-brain radiation therapy.

treatment are factors to consider when deciding on a
brain-directed radiation treatment plan.

GK SRS and LINAC SRS have shown comparable lev-
els of both local tumor control and patient overall survival
posttreatment.”® The similarity in effectiveness between
these radiation modalities is significant enough to urge an
analysis of the costs associated with their use in treating
patients with BMs. In addition, a recent study comparing
overall survival in patients receiving SRS or SRT for treat-
ment of BMs found a nonsignificant difference in survival
time between the 2 treatment strategies.'” Considering
our discovery that SRT has a higher average per-treatment
cost than both GK SRS and LINAC SRS, and given that no
significant differences in acute and late radiation-induced
injury between the 2 fractionation methods has been
observed,"” further scrutiny is warranted to assess the
clinical preference for SRT over SRS. One possible justifi-
cation for using SRT over SRS is that SRS is typically used
for lesions under 3 cm in diameter, while SRT becomes
advisable when the tumor is larger or near critical struc-
tures like optic nerves. In such cases, the benefit of SRT is
that the total radiation delivered is fractionated, allowing
for better safety and preservation of surrounding tissues."*

Significantly more females compared with males were
treated for BMs under health insurance coverage from
the regional health care insurer used for this study,
potentially indicating that more females than males are
treated for BMs in general. Past studies have identified
this disparity, 1 of which investigated the impact of sex
on the presence of BMs at the time of diagnosis and sub-
sequent survival in midlife patients (40-60 years old)
with newly diagnosed malignancies. The study found
that middle-aged females had a higher risk of developing

BMs (odds ratio, 1.07) compared with males. However,
females with BMs at diagnosis exhibited a lower risk of
decreased all-cause mortality (hazard ratio, 0.86), indi-
cating a survival advantage over middle-aged males with
BMs.'” This gender disparity can plausibly be attributed
to the notion that breast cancer commonly metastasizes
to the brain and has the highest incidence among all
cancers in women, while prostate cancer rarely metasta-
sizes to the brain and has the highest incidence among
all cancers in men. The findings of our study support
the logical trend that females are more frequently treated
for BMs than males.'®"”

Our study sought to compare the costs of these treat-
ment techniques to determine whether cost of care
should be taken into consideration when choosing a
treatment technique. Data from a large regional health
care insurer showed that GK SRS was the most expensive
radiation modality of those included in the study. It also
showed that GK required the most expensive technical
component of spending, while LINAC required the most
expensive physician (ie, professional) component. It is
important to note that radiation oncologists and neuro-
surgeons bill for SRS with discrete CPT codes, and that
billing data pertaining to these neurosurgeon-specific
CPT codes (61796-61800) were neither included nor
analyzed in our study. As a result of this omittance, the
calculated overall cost for the treatment of BMs may be
slightly underestimated.

In addition, our CPT code analysis showed that a spe-
cific CPT code unique for GK SRS radiation treatment
delivery was billed 208 times across all 1048 patients being
treated for BMs. This particular CPT code 77371 is used
to bill “SRS treatment delivery, complete course of
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treatment of cerebral lesion(s) 1 session, multisource
Cobalt 60 based,”"" which specifies a component unique
to GK SRS. This indicates that either approximately one-
fifth of patients being treated for BMs underwent this spe-
cific type of radiation delivery as part of their treatment,
or that select patients required multiple treatment ses-
sions before completion of their treatment course. Simi-
larly, a specific CPT code unique for LINAC SRS
radiation delivery was billed 94 times. This CPT code,
77372, is defined as “Stereotactic radiosurgery treatment
delivery, complete course of treatment of cerebral lesion
(s) 1 session, linac based.”"" It is unclear given the data set
if these claims were spread across 94 patients or if select
patients required multiple LINAC treatments billed under
77372. The average cost per GK SRS treatment including
all other technical and physician costs was approximately
$30,711, while the average cost per LINAC SRS treatment
including all other costs was $30,737. The nearly identical
cost-per-treatment for GK SRS and LINAC SRS prevents
a conclusive judgment from being reached on the com-
parative costliness of these radiation modalities. Potential
justification for electing to treat with LINAC over GK
treatment may be attributed to the lower risk of radionec-
rosis associated with LINAC systems compared with GK
systems with similar rates of effectiveness at treating
BMs.'

While we lacked access to data describing the differ-
ence in cost between these 2 CPT code claims, the com-
parative frequency of claims paints the picture that GK
SRS radiation treatments were used more than twice as
frequently as LINAC SRS radiation treatments in this
patient population and had the highest overall cost of
implementation among the radiation treatment techni-
ques studied. It is important to be aware of other factors
that might influence the choice between using GK SRS
and LINAC SRS systems. Smaller community treatment
facilities likely find LINAC SRS more appealing because it
does not require neurosurgical involvement, it is more
widely applicable for nonintracranial targets than GK
SRS, and the regulatory constraints and higher costs asso-
ciated with cobalt-based machines like GK result in their
use mainly in larger academic centers or private referral
centers. A high concentration of large academic centers in
the northeastern United States, where our study is
focused, potentially explains the more frequent use of GK
SRS compared with the LINAC SRS for the treatment of
BMs."”

One study comparing treatment options for BMs
showed that, compared with SRS with WBRT, SRS with
observation alone had a higher average effectiveness
(measured in life years saved), higher average cost, and
resulted in an incremental cost-effectiveness ratio within
the generally accepted cost-effectiveness range of $50,000
to $100,000 per quality-adjusted life year. The researchers
concluded that SRS with observation, followed by neuro-
surgical management of recurrences, is a reasonable and

cost-effective treatment modality for BMs.”” The data
available for our study was unequipped to elaborate on
this cost-effectiveness analysis due to lack of information
on which study subjects received only single-modality
radiation therapy and which subjects received multimodal
radiation therapy, nor does it provide individualized cost
data for each study subject. While our analysis shows that
WBRT costs an additional $5225 per treatment, it did not
include an analysis on the cost of repeated neurosurgical
interventions to treat metastases. Future analysis elaborat-
ing on per-treatment neurosurgery costs for managing
BMs would add to the cost-effectiveness debate between
using only SRS and WBRT versus SRS and neurosurgical
management.

Our analysis showed that HA-IMRT is more expen-
sive on a per-use basis than WBRT. Further analysis
showed that HA-IMRT had both a more expensive phy-
siclan and technical component than did traditional
WBRT, supporting the hypothesis that HA-IMRT is
more costly than traditional WBRT.”' The use of HA-
IMRT has increased in recent use due to its proposed
neuroprotective effects. A prospective study by Tsai et al
found a significant correlation between radiation therapy
dose to the hippocampus and the occurrence of radia-
tion-induced cognitive decline. To prevent radiation-
induced cognitive decline, WBRT techniques were devel-
oped to spare the hippocampus’ dentate gyrus and
became known as HA-IMRT. The Radiation Therapy
Oncology Group 0933 trial compared 40 patients treated
with hippocampal avoidance WBRT (HA-WBRT) to a
historical WBRT group and demonstrated reduced cog-
nitive decline by 4 months post radiation therapy and
improved quality of life after 6 months, confirming HA-
IMRT’s neuroprotective effect.”” *® Increased cost asso-
ciated with HA-IMRT may be linked to the supplemen-
tal use of memantine with HA-IMRT, an additional
medication not commonly used in conjunction with ste-
reotactic radiation techniques, which has demonstrated
effectiveness in preventing cognitive impairment caused
by radiation by counteracting deleterious synaptic
changes.””** However, our study did not directly observe
the cost or frequency of use of memantine because a
CPT code for memantine administration was not evalu-
ated.

In addition, in a study of cost-effectiveness traditional
radiation therapies such as WBRT were found to be cost
effective for patients with shorter prognoses (3 and 6
months), while HA-WBRT and SRS plus HA-WBRT
demonstrated cost effectiveness for cohorts with longer
prognoses (12 and 24 months).”” The study underscores
the significance of considering patient life expectancy in
determining the cost effectiveness of different treatments
and in highlighting the value of controlling late brain tox-
icity with novel therapies.

On a per-use basis, WBRT costs far less than HA-
IMRT, GK SRS, LINAC SRS, and SRT. Cost-effectiveness
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analyses have shown that both SRS alone and SRS plus
WBRT were both found to be cost effective compared
with WBRT alone. It would be of great value to under-
stand if SRS and WBRT were being used in isolation or in
conjunction to treat BMs in our patient population;
however, our data set is limited to cost data rather than
individualized treatment courses. While our study cannot
directly comment on cost effectiveness accounting for
patient life expectancy, it does provide a real-world look
into how spending is currently being allotted to different
radiation techniques.

Conclusion

In conclusion, the choice of radiation modality for
treating BMs should account for factors such as local
tumor control, overall patient survival, side effect profile,
and cost of treatment. SRS, including GK LINAC-based
systems, have become standard treatment options,
offering fewer side effects and comparable overall survival
rates to WBRT. Moreover, HA-IMRT has gained popular-
ity due to its neuroprotective effects, reducing cognitive
decline and improving quality of life posttreatment.

Our comprehensive analysis of BM treatment costs
presents a nuanced understanding of the challenges in
balancing clinical efficacy and economic considerations.
Our deduction of true per-treatment costs associated
with HA-IMRT, WBRT, SRS, and SRT prompts a careful
reevaluation of each modality’s cost effectiveness. While
our study acknowledges limitations in the data set that
prevent us from conducting such an analysis on our study
cohort, it provides valuable insights into current spending
patterns for different radiation techniques. This pragmatic
exploration highlights the need for informed decision
making, considering both clinical outcomes and economic
efficiency in the landscape of BM treatment.
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