Cost-utility analysis of breast reduction surgery for
women with symptomatic breast hypertrophy
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The known: Breast hypertrophy causes physical and psycho-social
impairment in women, and breast reduction surgery is the most
effective treatment. However, access to surgery is often restricted
by health policies that deem it non-therapeutic, including in
Australia.

The new: The first economic evaluation in Australia of breast
reduction for women with symptomatic breast hypertrophy
indicated that it is cost-effective for improving their health-related
quality of life (57808 per quality-adjusted life-year).

The implications: Healthcare systems in all Australian states
should support access to breast reduction surgery for both private
and public patients with symptomatic breast hypertrophy.

cal and psycho-social problems for women. Breast reduc-

tion surgery is highly effective for relieving the pain and
functional problems associated with breast hypertrophy and im-
proves health-related quality of life."” However, breast reduction
is often regarded as a cosmetic rather than a functional proce-
dure, and health care funders and third party providers restrict
access to surgery, despite evidence of its therapeutic benefit.

Breast hypertrophy affects quality of life and causes physi-

The Australian Medicare Benefits Schedule subsidises breast
reduction surgery undertaken in private hospitals,’ thereby
recognising it as a functional procedure that warrants public
subsidy. Access to breast reduction surgery in public hospitals,
however, is restricted by state-specific policies. In Victoria, it is
deemed an aesthetic procedure available in public hospitals only
for women with a body mass index less than 30 kg/m?” and sig-
nificant clinical symptoms;” in New South Wales, breast reduc-
tion surgery is classed as a cosmetic surgical procedure to be
performed in public hospitals only in cases of severe disability
caused by breast size. Breast reduction is an excluded procedure
(with few exceptions) in Western Australia’ and the Australian
Capital Territory;8 in South Australia it is a restricted procedure.9
These differences in access are not compatible with the national
right of access to surgical procedures for all Australians “based
on their needs, not ability to pay, regardless of where they live
in the country.”'’

While the clinical effectiveness of breast reduction surgery is
documented, high quality evaluations of its cost-effectiveness
have not been published. Cost—utility analysis compares the
incremental costs and incremental health outcomes (measured
as quality-adjusted life-years [QALYs] or disability-adjusted life-
years [DALYs]) of an intervention with usual practice or a con-
trol group. As this analysis provides a consistent unit of outcome
measurement (cost per QALY gained), the cost-effectiveness of
different health care interventions can be compared. For this
reason, cost-utility analysis is recommended by the Medical
Services Advisory Committee (MSAC)."" The primary objective
of our study was to determine whether breast reduction surgery
in Australian public hospitals is cost-effective.
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Abstract

Objective: To assess the cost-effectiveness of breast reduction
surgery for women with symptomatic breast hypertrophy in
Australia.

Design: Cost-utility analysis of data from a prospective cohort
study.

Setting, participants: Adult women with symptomatic breast
hypertrophy assessed for bilateral breast reduction at the
Flinders Medical Centre, a public tertiary hospital in Adelaide,
April 2007 - February 2018. The control group included women
with breast hypertrophy who had not undergone surgery.

Main outcome measures: Health care costs (for the surgical
admission and other related hospital costs within 12 months of
surgery) and SF-6D utility scores (measure of health-related quality
of life) were used to calculate incremental costs per quality-
adjusted life-year (QALY) gained over 12 months, extrapolated to a
10-year time horizon.

Results: Of 251 women who underwent breast reduction, 209
completed the baseline and at least one post-operation assessment
(839%; intervention group); 124 of 350 invited women waiting for
breast reduction surgery completed the baseline and 12-month
assessments (35%; control group). In the intervention group,

the mean SF-6D utility score increased from 0.313 (SD, 0.263) at
baseline to 0.626 (SD, 0.277) at 12 months; in the control group,

it declined from 0.296 (SD, 0.267) to 0.270 (SD, 0.257). The mean
QALY gain was consequently greater for the intervention group
(adjusted difference, 1.519; 95% Cl, 1.362-1.675). The mean hospital
cost per patient was $11 857 (SD, $4322), and the incremental
cost-effectiveness ratio (ICER) for the intervention was $7808 per
QALY gained. The probability of breast reduction surgery being
cost-effective was 100% at a willingness-to-pay threshold of

$50 000 per QALY and 88% at $28 033 per QALY.

Conclusions: Breast reduction surgery for women with
symptomatic breast hypertrophy is cost-effective and should
be available to women through the Australian public healthcare

Vystem.

Methods

We analysed data collected for a prospective cohort study that
included adult women with symptomatic breast hypertrophy
(aged 18 years or older) assessed for bilateral breast reduction at
the Flinders Medical Centre, Adelaide, during 1 April 2007 — 28
February 2018.” Participating women who underwent surgery
completed assessments before surgery and three, six and twelve
months after surgery. A control group of women with breast
hypertrophy, who had sought but not yet undergone breast re-
duction surgery, completed study questionnaires at baseline and
twelve months after enrolment.

Health care costs

Direct hospital costs for the surgical intervention were de-
termined from the perspective of the South Australian public
health system. Costs data for individual women were obtained
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from hospital finance departments, based on surgical procedure
codes for the surgical admission and all related hospital costs
within twelve months of surgery for outpatient clinical care,
return-to-theatre admissions, and revision procedures. Costs
were adjusted for inflation to 2021 Australian dollars.

Health-related quality of life

Health-related quality of life was quantified as individual
Short Form six dimensions (SF-6D) utility scores derived from
responses to the SF-36 (version 2).'*'" The SF-6D defines utility
values for 18 000 possible health states of the SF-36 on the QALY
scale (1 = full health; 0 = death).

Cost-utility analysis

The health quality of life-related effectiveness of breast reduc-
tion surgery was measured as QALY gain over twelve months,
calculated at the patient level using SF-6D utility values and
the area-under-the-curve method."* We estimated unadjusted
and regression-adjusted QALYs (for differences in SF-6D utility
scores at baseline).12 For the base case analysis, baseline and 12-
month SF-6D data were used to estimate QALYs. As we assumed
that health-related quality of life gains would be maintained be-
yond twelve months, 12-month QALYs were extrapolated to a 10-
year time horizon. As recommended by MSAC guidelines,11 we
applied a discount rate of 5% per year to QALY gains beyond one
year. We assumed that the direct costs of surgery were confined
to the 12-month study period, and they were not discounted.

Secondary outcomes of the cost-utility analysis were the incre-
mental costs per QALY gained (the incremental cost-effectiveness
ratio, ICER), defined as the differences in costs between the
intervention and control groups divided by the difference in
QALY gain. We used published willingness-to-pay thresholds of
$28 033" and $50 000 per QALY gained'” for cost-effectiveness
decision-making. We employed bootstrapping to account for un-
certainty related to sampling variation in the ICER; 5000 paired
estimates of mean differences in costs and outcomes were de-
rived, and the bootstrapped pairs plotted in a cost-effectiveness
plane. The probability of the intervention being cost-effective at
different willingness-to-pay thresholds is presented in a cost-
effectiveness acceptability curve.

Multiple imputation was used to account for any missing cost or
outcome values. Imputed values were generated using predictive
mean matching.'® A total of 50 multiple imputed complete datasets
were generated, and are presented as the base case analysis.

Sensitivity analyses

We tested the robustness of our base case estimates in a series of
sensitivity analyses. In the first, we restricted the economic evalu-
ation to complete cases (women for whom complete outcomes in-
formation at baseline and 12 months was available). In the second
sensitivity analysis, QALY estimates for the intervention group
were derived from data for all four time point assessments. In
the third sensitivity analysis, we extrapolated 12-month QALYs
to a 40-year horizon, assuming that the health-related quality of
life gain would be maintained until the end of life (life expec-
tancy for women in Australia: 84.6 years).17 The fourth sensitiv-
ity analysis conservatively assumed that baseline control group
SF-6D utility scores were maintained at twelve months.

Statistical analysis

Statistical analyses were performed in SPSS for Windows 25.0
(IBM) or Stata 16. Data for continuous variables are summarised

1 Baseline characteristics of the intervention and control
groups*
Intervention Control
Characteristic group group
Number of women 209 124
Age (years), mean (SD) 42.6 (13.4) 45.3(13.)
Body mass index (kg/m?), mean (SD) 32.7(6.0) 321(6.0)
<30 kg/m? 71 (34%) 48 (39%)
>30 kg/m? (obese) 138 (66%) 74 (61%)
Smoking status
Non-smoker 108 (52%) 78 (63%)
Current smoker 35(17%) 14 (11%)
Ceased in the past 12 months 15 (7%) 5 (5%)
Ceased at least one year ago 47 (23%) 25 (20%)
SD = standard deviation.
* Women who had completed the baseline questionnaire and at least one follow-up
assessment. ¢

as means with standard deviations (SDs), and differences be-
tween groups as mean differences with 95% confidence in-
tervals (Cls). The statistical significance of differences for
socio-demographic variable was assessed in independent sam-
ples t tests. Data for categorical variables are summarised as
frequencies and proportions, and the statistical significance of
differences were assessed in y2 or Fisher exact tests.

Ethics approval

The study was approved by the Southern Adelaide Clinical
Human Research Ethics Committee (references 118.056, 73.17).

Results

Two hundred and fifty-one women who underwent bilateral
breast reduction were included in the intervention group, of
whom 209 completed the baseline questionnaire and at least
one post-operation assessment (83%): 191 at three months (91%),
183 at six months (88%), and 193 at twelve months (92%). SF-6D
utility scores were generated for 141 of the 159 participants who
completed all four assessments (63%) without any missing re-
sponses to SF-36 items.

In the control group, study questionnaires were mailed to 350
women on the breast reduction surgery waiting list; 160 completed
the baseline questionnaire (46%), of whom 124 also completed 12-
month assessments; SF-6D utility scores could be generated for
119 participants. The baseline demographic characteristics of the
intervention and control groups were similar (Box 1).

Health-related quality of life

The mean SF-6D utility score for the intervention group was
higher at three months than at the baseline assessment, and was
similar at the 3-, 6- and 12-month assessments; the mean value
for women in the control group was slightly lower at twelve
months than at baseline (Box 2; Supporting Information, table
1). A sensitivity analysis restricted to women with complete
outcomes data yielded a similar result (Box 2). In the base case
analysis, the mean QALY gain over ten years was higher for the
intervention than the control group (adjusted difference, 1.519
QALYs; 95% CI, 1.362-1.675 QALYs) (Box 3).



Analysis Intervention group

2 Health utility (SF-6D) scores for the intervention and control groups, 0-12 months

Mean difference (bootstrapped)

Control group (95% Cl)

Base case analysis (imputed cases)
Number of women* 209

SF-6D scores, mean (SD)

Baseline 0.313(0.263)
3 months 0.575(0.287)
6 months 0.616 (0.294)
12 months 0.626 (0.277)
Sensitivity analysis (complete cases)
Number of women' 141
SF-6D scores, mean (SD)
Baseline 0.314 (0.259)
3 months 0.570 (0.270)
6 months 0.612 (0.280)
12 months 0.628 (0.265)

124

0.296 (0.267) 0.017 (-0.011 to 0.045)

0.270 (0.257) 0.356 (0.322 to 0.390)
119

0.295 (0.262) 0.017 (~0.011 to 0.045)

0.270 (0.256) 0.356 (0.322 to 0.390)

Cl = confidence interval; SD = standard deviation.

* Completed at least one post-operation assessment. T Completed four (intervention group) or two (control group) assessments. ¢

intervention and control groups

3 Health economic outcomes (quality-adjusted life-years and incremental cost-effectiveness ratios [ICERs]) over ten years for the

Quality-adjusted life-years, mean (SD)

Difference (bootstrapped) (95% Cl)

Intervention group Control group Unadjusted Adjusted* ICER (95% Cl)

Base case analysis (imputed cases) 4.094 2.467 1.627 1.519 $7808/QALY
(1.941) (2.050) (1.425-1.828) (1.362-1.675) ($7137-58040)

Sensitivity analyses

Complete cases only 4152 2.447 1.705 1.491 $7883/QALY
(1.927) (2.060) (1.307-2.102) (1.020-1.961) ($7456-$8131)

Four assessment time points 4.973 2.467 2.505 2.419 S$4901/QALY
(1.883) (2.050) (2.216-2.794) (2.201-2.637) ($4625-$5177)

Extrapolation to end of 8.523 5137 3.387 3162 $3750/QALY
projected lifetime (4.041) (4.269) (2.967-3.807) (2.836-3.488) ($3428-53861)

Control baseline utility score 4.094 2.579 1.515 1.396 $8493/QALY
maintained at 12 months (1.941) (2.329) (1.207-1.822) (1.207-1.585) ($8140-58615)

SD = standard deviation.
* Adjusted for SF-6D utility score at baseline.

A larger proportion of smokers (24 of 92, 26%) than of non-
smokers (11 of 117, 9%) had post-surgical complications, and the
mean tissue resection weight was greater for women who ex-
perienced complications (1506 g; SD, 974 g v 1192 g; SD, 637 g),
Other participant characteristics were not associated with sta-
tistically significant differences. The mean change in 12-month
SF-6D scores was similar for women with (0.29 points; SD, 0.27
points) and without complications (0.31 points; SD, 0.29 points)
(Supporting Information, table 2).

Cost-utility analysis

In the base case analysis, the mean total hospital cost for women
in the intervention group was $11 857 (SD, $4322) per patient
(Box 4); the ICER for the intervention was consequently $7808
per QALY gained (95% CI, $7137-$8040/QALY) (Box 3).

For the base case analysis, all bootstrapped paired estimates of
mean differences in costs and outcomes were located in the top
right quadrant of the cost-effectiveness plane, indicating that health
outcomes were better for the intervention than the control group,
and that costs were higher for the intervention group (Box 5).

The probability of breast reduction being cost-effective was 88%
at the willingness-to-pay threshold of $28 033 per QALY, and
100% at $50 000 per QALY (Box 6).

In the base case analysis, multiple imputation was used to esti-
mate missing costs data (13 observations, 6.2%) and SF-6D utility
scores at 12 months (16 observations, 7.7%).

Sensitivity analyses yielded similar results to the main analy-
sis; improvement in outcomes was consistently greater for the
intervention than the control group, and the estimated ICERs for
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4 Health care costs per participant over 12 months for the intervention and control groups
Costs: mean (SD)

Analysis Intervention group

Control group Difference (bootstrapped) (95% CI)

Base case analysis (imputed)

Number of women 209
Direct cost: hospital stay $10998 ($4208)
Outpatient clinic consultation $291(5122)
Plastic surgery outpatient treatment $569 ($372)
Total costs $11857 (54322)
Sensitivity analysis (complete cases)

Number of women 196
Direct cost: hospital stay $10 888 (54211)
Outpatient clinic consultation $291(5119)
Plastic surgery outpatient treatment §572 ($361)

Total costs S11751(54332)

124
— $10 998 ($10 742-511254)
_ $291($272-$309)

- $569 ($532-5607)

0 $11857 ($11598-512117)
124

— $10 888 (510 295-511 481)
— $291($274-5308)

— $572 (5521-$623)

0 $11751 ($11 461-512 039)

Cl = confidence interval; SD = standard deviation. #

5 Cost-effectiveness plane for differences between intervention
and control groups in breast reduction-related treatment
costs and outcomes (quality-adjusted life-years [QALYs]
gained over ten years)
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the intervention were considerably below the two recommended
willingness-to-pay thresholds (Box 3).

Discussion

We report one of the most comprehensive economic evalua-
tions undertaken in any country of the cost-effectiveness of
breast reduction surgery for women with symptomatic breast
hypertrophy. Few studies have previously assessed its cost-
effectiveness.”*”” Our findings indicate that breast reduction
surgery is cost-effective at implicit willingness-to-pay thresh-
olds of $28 033 and $50 000 per QALY gained.

The 10-year time horizon in our analysis is conservative. In a
long term study, we found that the benefits of surgery do not
decline over longer follow-up (up to 12 years),” suggesting that
the cost-effectiveness of surgery may be even more favourable.

Quantifying the effectiveness of breast reduction as incremental
cost per QALY gain facilitates direct comparisons with medical
interventions for other chronic health conditions. Assessment of
the cost-effectiveness of orthopaedic arthroplasty procedures in
Australia found that both total hip and total knee replacement
were cost-effective, with respective estimated costs of $7500 and
$10 000 per QALY.* Bariatric surgery for the treatment of obe-
sity was found to be less cost-effective in Australia, but its cost
was still below willingness-to-pay thresholds.'*'>?* Cost-utility
analysis indicated that cochlear implantation was cost-effective
for Australian adults with hearing loss compared with bilateral
hearing aids, with an ICER of $11 160 per QALY.” Laser-assisted
cataract surgery is not cost-effective compared with alternative
medical interventions, including conventional cataract surgery,
because of the higher costs of the newer technology.”” In sum-
mary, the cost per QALY for breast reduction surgery compares
favourably with those for other medical interventions widely ac-
cepted in Australian public health care.

6 Cost-effectiveness acceptability curve for breast reduction
surgery: differences between intervention and control groups
in quality-adjusted life-years gained over ten years

Probability of cost-effectiveness
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Strengths and limitations

A major strength of our study was the use of prospectively col-
lected health-related quality of life data, and our QALY estimates
were based on information supplied by the women affected, not
clinician opinion or literature review. In addition, our study as-
sessed costs at the patient level, and took into account factors
that influence total costs, including hospital length of stay, in-
hospital complications, and return-to-theatre re-admissions.
Further, hospital costs data included expenses incurred after
the initial hospital admission, including all hospital outpatient
clinic appointments and any revision procedures during the
subsequent 12 months. The participation rate in our study was
relatively high, and a sensitivity analysis restricted to complete
cases yielded similar results, suggesting that multiple imputa-
tion did not bias our estimates.

We included all direct hospital costs, but not indirect costs to
the participants and their families (such as loss of income be-
cause of time off work), primary and specialist care, physiother-
apy, or other expenses outside the hospital, nor did it include
costs for other relevant hospitalisations. However, indirect costs
at baseline would probably have been similar in both study
groups and would not have markedly influenced our analysis.
In addition, we did not evaluate a randomised clinical trial,
and the generalisability of the results of our single-institution
study is unclear. As the women in our study were not blinded
to treatment, reporting bias was possible. Estimated differ-
ences between the intervention and control groups were based

on prospective assessment of health-related quality of life in
both groups at baseline and 12 months. However, including all
four assessment time points for the intervention group to esti-
mate QALYs yielded conclusions similar to those of the main
analysis; the ICER was indeed more favourable in this analysis,
as the marked improvement in intervention group utility scores
between baseline and three months increased the area under
the curve for QALY calculations.

Conclusion

In our cost-utility analysis, we found that breast reduction sur-
gery for women with symptomatic breast hypertrophy is cost-
effective in Australian public health care; the incremental cost
per QALY gained is considerably lower than the implicit cost-
effectiveness threshold. This finding is strengthened by the fact
that the probability of the intervention being cost-effective was
high across a range of feasible willingness-to-pay values. Our
study provides evidence that healthcare systems in all Australian
states should support access to breast reduction surgery for both
private and public patients.
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