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Abstract

Purpose We aimed to compare Australian health system costs at 12 months for adjuvant whole-brain radiotherapy (WBRT)
treatment after stereotactic radiosurgery (SRS) and/or surgery versus observation among adults with one to three melanoma
brain metastases. We hypothesized that treatment with adjuvant WBRT and subsequent healthcare would be more expensive
than SRS/surgery alone.

Methods The analysis was conducted alongside a multicentre, randomized phase III trial. A bespoke cost questionnaire
was used to measure healthcare use, including hospitalizations, specialist and primary care visits, imaging, and medicines
over 12 months. Mean per-patient costs were calculated based on the quantity of resources used and unit costs, reported in
Australian dollars ($AU), year 2018 values. Skewness of cost data was determined using normality tests and censor-adjusted
costs reported using the Kaplan—Meier sample average method. The analysis of difference in mean costs at each 2-month
time point and at 12 months was performed and checked using Kruskal-Wallis, generalized linear models with gamma
distribution and log link, modified Park test, ordinary least squares, and non-parametric bootstrapping.

Results In total, 89 patients with similar characteristics at baseline were included in the cost analysis (n = 43 WBRT; n =
46 observation). Hospitalization cost was the main cost, ranging from 63 to 89% of total healthcare costs. The unadjusted
12-monthly cost for WBRT was $AU71,138 + standard deviation 41,475 and for observation $AU69,848 + 33,233; p =
0.7426. The censor-adjusted 12-monthly cost for WBRT was $AU90,277 + 36,274 and $AU82,080 + 34,411 for observa-
tion. There was no significant difference in 2-monthly costs between groups (p > 0.30 for all models).

Conclusions Most costs were related to inpatient hospitalizations associated with disease recurrence. Adding WBRT after
local SRS/surgery for patients with one to three melanoma brain metastases did not significantly increase health system
costs during the first 12 months.

Trial Registration ACTRN12607000512426, prospectively registered 14 September 2007.

1 Background and seizures and are difficult to treat [1-3]. For patients with
only a few melanoma brain metastases, a high rate of local
Melanoma is one of the most serious forms of skin cancer, ~ control can be achieved with surgery and/or stereotactic

with incidence rising worldwide among fair-skinned popula- radiosurgery (SRS) [4]. However, the risk of progression
tions. Brain metastases, a frequent complication of advanced within the brain during the first 12 months can reach 70%, so
stage IV melanoma and a common cause of death, produce ~ an effective therapy is needed to reduce the risk of subse-

disabling symptoms such as headaches, nausea, vomiting, ~ quent failure.
Investigators from the Melanoma Institute Australia

designed a trial to investigate the effectiveness of adjuvant
whole-brain radiotherapy (WBRT) following SRS/sur-
gery for adults with one to three melanoma brain metas-
tases (ACTRN 12607000512426) [5]. A cost-effectiveness
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Key Points for Decision Makers

The 12-monthly cost for whole-brain radiotherapy
(WBRT) was Australian dollars ($AU)90,277 + standard
deviation 36,274 and $AU82,080 + 34,411 for observa-
tion.

Adding WBRT after local stereotactic radiosurgery/
surgery for patients with one to three melanoma brain
metastases did not significantly increase health system
costs during the first 12 months.

A traditional approach to costing without adjustment for
censoring may underestimate total healthcare costs.

analysis of WBRT at 12 months was planned alongside this
trial [6]. The main findings of the trial showed that WBRT
did not significantly improve distant intracranial control at
12 months or survival or preserve performance status [7].
Clinical practice is now changing as a result of these find-
ings, with adjuvant WBRT not recommended.

Important economic data, including health system costs
for those randomized to WBRT versus observation, were
carefully collected alongside this trial. These data are very
useful for clinicians and health service managers to under-
stand the healthcare resources and costs of care associated
with advanced melanoma, as well as the likely impact on
their budgets and any differences in costs between treatment
options.

In melanoma, economic evaluation studies are mostly
model based, with the cost inputs obtained from published
literature or government reports [8—11]. Taking aggregated
costs from published literature without taking into account
censoring (i.e., due to study withdrawal or death) can result
in underestimating or overestimating costs, biasing compara-
tive assessments. Some costing studies have been under-
taken alongside melanoma randomized controlled trials
[12-16]; however, to our knowledge, no studies have been
undertaken alongside randomized trials examining the costs
among patients with melanoma brain metastases. We there-
fore aimed to assess the differences in healthcare costs over a
12-month period for adults with melanoma brain metastases
using traditional (unadjusted) and censor-adjusted methods.

2 Methods
2.1 Trial Design and Participants

This costing study was undertaken alongside a prospec-
tive multinational centre, open-label, stratified, two-arm
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randomized controlled phase III trial comparing adju-
vant WBRT with observation following local treatment
with SRS/surgery of one to three melanoma brain metas-
tases [17]. The trial was registered with the Australian
and New Zealand Clinical Trials Registry (ANZCTR;
#12607000512426). The protocol was approved by the
Cancer Institute NSW Clinical Research Ethics Commit-
tee #2007C/11/032 and relevant hospital ethics commit-
tees in each trial centre. Patients were eligible if they
were aged > 18 years, had one to three melanoma brain
metastases treated by SRS/surgery, and had an Eastern
Cooperative Oncology Group (ECOG) performance status
between 0 and 2. WBRT was a multicentre, internation-
ally recruiting (Australia, Norway, and USA), prospec-
tive, open-label, phase III randomized controlled trial
designed to investigate the safety and efficacy of using
WBRT to treat one to three brain metastases in patients
with advanced melanoma. The study design has been
described in detail [5]. Primary findings indicated that
WBRT did not improve survival, distant intracranial con-
trol, and performance status and was not recommended
as a standard treatment for one to three brain metastases
following local treatment [7].

An economic evaluation was approved by the trial man-
agement committee and added to the protocol amendment in
2014, to enrol all prospectively randomized participants in
the costing substudy. Between 2009 and 2017, 215 patients
with one to three melanoma brain metastases were enrolled
in the trial after surgery and/or SRS; 107 were randomly
allocated to the WBRT group and 108 were allocated to
observation alone. After the protocol amendment, 89 con-
secutive patients were randomized and included in the cost-
ing substudy (43 to WBRT, 46 to observation).

2.2 Costing

The costing analysis was conducted from a health system
perspective and reported according to the relevant items
on the CHEERS checklist for economic evaluations. Final
results were inflated to Australian dollars ($AU), year 2018
values using the consumer price index (https://www.abs.gov.
au/statistics/economy/price-indexes-and-inflation/consumer-
price-index-australia/latest-release). A purpose-built cost
questionnaire was designed to capture inpatient and outpa-
tient costs, from randomization to 12 months, administered
at each 2-monthly follow-up visit up (see Appendix S8 in
the electronic supplementary material [ESM]). The ques-
tionnaire was submitted to the Database of Instruments for
Resource Use Measurement website: https://www.dirum.
org/. The cost questionnaire consisted of multiple items
that identified outpatient visits, procedures and imaging, and
inpatient hospitalizations, including length of stay. Based
on case report forms and questionnaire responses, Medical
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Benefits Schedule (MBS) items and diagnosis-related groups
(DRGs) were assigned by trained study staff in consulta-
tion with clinicians. For activities that required intensive
care unit (ICU) stays, an ICU adjustor was used to calculate
hospitalization costs [18]. Any differences in coding items
were resolved through consensus between clinicians and
researchers.

Outpatient costs were calculated based on the 2018
MBS items [19]. Inpatient costs were calculated based
on the DRG items and length of stay reported in trial
records. The inlier weight costs, national weighted activ-
ity unit, short- and long-stay weight were taken from the
Independent Hospital Pricing Authority 2018 Austral-
ian National Efficiency Price [18]. Inlier weight is the
weight of the hospitalization cost when the length of stay
is within the average length of stay. Any 2-monthly visits
with a missing count for healthcare use were excluded
from the analysis as costs could not be calculated. Data
imputation for costs was not undertaken, and discounting
was not required.

2.3 Statistical Analysis

Costs were calculated based on the quantity of resource
used and their unit cost ($AU, year 2018 values), using the
formula cost = resource use x unit cost. Costs of inpatient
and outpatient services were calculated and tabulated for
the WBRT and observation groups. Total costs were cal-
culated using the sum of inpatient and outpatient costs.
The skewness of cost data was determined using sev-
eral normality tests, including Shapiro—Wilk, Kolmogo-
rov—Smirnov, Cramer—von Mises, and Anderson—Darling.
The 2-monthly costs were reported using the traditional
method (unadjusted) and a censor-adjusted method using
the Kaplan—Meier sample average (KMSA) approach. Unad-
justed annual costs were calculated by summing all the costs
from month 2 to month 12 for each patient. If a patient died
or was censored at month 8, the total annual cost was the
sum of total costs in month 2, month 4, and month 6. The
total annual cost was then calculated by averaging the annual
cost of all patients in the cohort.

In KMSA, the follow-up period is divided into inter-
vals. Total costs in each interval are multiplied by the
individual patient’s survival probability at the beginning
of each interval and then summed across the intervals
[20]. KMSA produces estimates more reflective of actual
patient-level healthcare costs compared with traditional
methods, by accounting for the effect of censoring [20].
For example, the adjusted cost at month 2 = S(#) X aver-
age unadjusted cost at month 2. S(¢) is probability of sur-
vival at time . The adjusted annual cost was the sum of
the adjusted monthly cost exported from the KMSA, from
month 2 to month 12 [20].

The analysis of difference in costs between groups was
performed using a number of statistical methods to examine
the consistency in findings, including (1) Kruskal-Wallis
test for the difference in mean costs at 12 months, (2) gen-
eralized linear models (GLM) with gamma distribution and
log link, (3) modified Park test, (4) ordinary least squares
method (OLS), and (5) non-parametric bootstrapping for dif-
ference in 2-monthly costs over 12 months. The five methods
were chosen because they are popular methods to model
costing data [20].

3 Results
3.1 Patient Characteristics

Patient baseline characteristics were balanced in both groups
and are reported in Table 1. The mean age was 62 years,
and the majority were males (61% for WBRT and 65% for
observation). Patient characteristics in the costing substudy
were not significantly different from those in the whole trial
except for ECOG performance status and Breslow thickness
of the primary lesion (Table S1 in the ESM). Specifically,
compared with the whole trial, patients in the costing sub-
study receiving WBRT had significantly better ECOG per-
formance status (p = 0.05), and patients in the costing sub-
study receiving SRS/surgery had significantly lower Breslow
thickness (p = 0.002) (Table S1 in the ESM).

3.2 Health Resource Use and Cost Every 2 Months

Healthcare resource use is presented in Table S7 in the ESM.
Costs are presented and compared between the two groups
at months 2, 4, 6, 8, 10, and 12 and are presented in Table 2
and Fig. 1. Most of the costs were incurred during the first
few months and at the time of intracranial recurrence. The
skewness of costs for the follow-up period is shown in Fig.
S1in the ESM and indicates substantial positive skewness.

Between 60 and 90% of the total healthcare costs were
related to inpatient hospitalizations, 2—-6% related to outpa-
tient consultations, 4-20% related to surgical or radiother-
apy procedures and diagnostic imaging, and 5-7% related
to prescribed medicines. Treatment-related costs associated
with intracranial recurrence were higher in the first 2 months
after randomization for both groups than in later months
(Table 2).

The 2-monthly unadjusted costs for patients in the WBRT
group over the follow-up period ranged between $AU17,754
and 22,679 (mean 19,466). The 2-monthly unadjusted
costs for patients in the observation group ranged between
$AU16,163 and 20,733 (mean 18,517) (Table S2 in the
ESM). The GLM indicated that there was no significant dif-
ference in costs between the two groups at each time point
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Table 1 Baseline characteristics

. . - Characteristics Adjuvant WBRT (n  SRS/surgery (n p value
of participants in the costing = 43) = 46)
sub-study, stratified by
treatment allocation Sex 0.64
Male 26 (60) 30 (65)
Female 17 (40) 16 (35)
Age, years 62 + 13 62+ 11 0.72
ECOG performance status 0.57
0 30 (73) 28 (68)
1 11 (27) 12 (29)
2 0(0) 1(2)
Breslow thickness of the primary lesion (mm) 0.81
<1 19 (45) 22 (51)
1.01-2 8 (19) 9(21)
2.014 8 (19) 5(12)
>4 7(17) 7(16)
Number of brain metastases 0.18
1 22 (56) 31 (70)
2-3 17 (44) 13 (30)
Presence of extracranial disease at baseline 0.49
Yes 25 (61) 30 (68)
No 16 (39) 14 (32)

Data are presented as n (%) or mean =+ standard deviation unless otherwise indicated

ECOG Eastern Cooperative Oncology Group, SD standard deviation SRS stereotactic radiosurgery, WBRT

whole-brain radiotherapy

(p > 0.05) (Table S3 in the ESM). Other statistical analyses,
including the modified Park test, OLS, and non-parametric
bootstrapping, showed no significant difference between
groups (p > 0.30) (Tables S3-S6 in the ESM).

3.3 Annual Costs

The unadjusted annual cost for the WBRT group was
$AU71,138 + standard deviation 41,475 and for the SRS/
surgery group was $AU69,848 + 33,233; p = 0.74. The
censor-adjusted annual cost for WBRT was $AU90,277
+ 36,274 and $AU82,080 + 34,411 for SRS/surgery
(Table 3).

4 Discussion

Our study showed no significant difference in mean per
patient healthcare costs for those receiving adjuvant WBRT
or observation after SRS/surgery up to 12 months after ran-
domization. Treatment-related costs associated with recur-
rence were higher in the first 2 months after randomization
than in the latter months in both groups, and the majority
of healthcare costs were associated with hospitalizations.
Therefore, the cost of hospitalization will be an important
consideration alongside drug costs in the overall assessment
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of the economic burden of metastatic melanoma. Total
healthcare costs were somewhat lower using a traditional
(unadjusted) approach than a censor-adjusted approach,
likely underestimating true costs.

Although we hypothesized that people receiving adju-
vant WBRT would incur higher healthcare costs at 12
months than those in the observation group, we found the
rate of inpatient hospitalizations was the major contribu-
tor to health system costs (63—-89%) and not the upfront
WBRT. The mean annual costs per patient were some-
what lower in our study than previously reported in an
Australian decision analytic study [10]. In that study, the
mean annual cost per patient for stage III unresectable
or stage IV melanoma was $AU115,109 in 2017 (equal
to ~ $AU117,307 in year 2018 values). Our study cap-
tured the costs after randomization, therefore costs for
the initial management of brain metastases (i.e., SRS/sur-
gery) were not included in this analysis. It should also be
noted that our study among patients with stage IV mela-
noma brain metastases used actual patient-level data and
adjusted for patient survival, whereas the abovementioned
study included patients with stage III cancer with a better
prognosis (hence longer survival time to accrue costs) and
used a decision analytic model with model inputs from
secondary data sources.
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Fig. 1 The 2-monthly unadjusted treatment costs in WBRT and SRS/surgery (observation) groups. Error bars represent 95% confidence inter-

vals. SRS stereotactic radiosurgery, WBRT whole-brain radiotherapy

Table 3 2-Monthly treatment costs for adjuvant whole-brain radiotherapy and stereotactic radiosurgery/surgery alone adjusted for censored data

Time At risk Death Censored H() P(1) S(r) 2-Monthly cost (unadjusted) 2-Monthly
cost KMSA
(adjusted)

WBRT

Month 2 43 0 0 0 1 1 22,679 22,679

Month 4 43 3 5 0.07 0.93 0.93 17,754 16,515

Month 6 35 6 1 0.17 0.83 0.77 18,611 14,345

Month 8 28 3 2 0.11 0.89 0.69 19,176 13,197

Month 10 23 2 3 0.09 0.91 0.63 18,559 11,661

Month 12 18 1 4 0.06 0.94 0.59 20,019 11,880

Total annual cost 71,138 + 41,475 90,277 + 36,274

SRS/surgery

Month 2 46 0 0 0 1 1 19,384 19,384

Month 4 46 7 2 0.15 0.85 0.85 17,898 15,174

Month 6 37 3 3 0.08 0.92 0.78 20,733 16,153

Month 8 31 5 4 0.16 0.84 0.65 16,163 10,561

Month 10 22 2 0 0.09 0.91 0.59 17,960 10,669

Month 12 20 2 0 0.10 0.90 0.53 18,964 10,139

Total annual cost 69,848 + 33,233 82,080 + 34,411

Costs are presented in Australian dollars, year 2018 values + standard deviations. Unadjusted annual costs of $AU71,138 for WBRT and

$AU69,848 for SRS/surgery were calculated in two steps: (1) sum total cost from month 2 to 12 for each patient to obtain annual costs for each

patient, (2) average the annual cost for all patients in the cohort

H(t) Nelson—Aalen cumulative hazard, KMSA Kaplan—Meier survival analysis, P(#) product-limit survival rate, SRS stereotactic radiosurgery,
S(t) probability of surviving past time t calculated by survival function, WBRT whole-brain radiotherapy
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large proportion of people with advanced melanoma who
develop brain metastases, these cost estimates are particu-
larly useful to inform health services about the subsequent
healthcare use and likely costs of care. Healthcare costs in
this study could also be used to update our published pre-
trial model [24].

5 Conclusion

Healthcare costs in the first 12 months following local treat-
ment for one to three melanoma brain metastases is substan-
tial, in the order of $AU82,080-90,277 per patient. The larg-
est costs were related to inpatient hospitalizations associated
with disease recurrence. Our study found the provision of
adjuvant WBRT did not significantly increase health sys-
tem costs and that a traditional approach to costing without
adjustment for censoring may underestimate total healthcare
costs.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s41669-022-00332-8.
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