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1. Microsimulation Model Structure for BC Patients and Relatives.
1.1. Patients in Unselected Testing Arm

In the unselected testing arm, all breast cancer (BC) patients are offered genetic test-
ing and get classified as path var carriers, VUS, or non-carriers. A proportion of VUS pa-
tients (8.7%) get subsequently reclassified as path var carriers.

BRCA1/BRCA2 BC path var carriers are offered contralateral prophylactic mastec-
tomy (CPM) and risk-reducing salpingo-oophorectomy (RRSO). PALB2 BC path var car-
riers can undergo CPM. Depending on the probability of patients undertaking a CPM
and/or RRSO they may progress to either germline contralateral BC or both BC and OC.
Additionally they have a probability of dying from germline BC. Patients who do not pro-
gress or die stay in the state of germline ipsilateral BC and undertake the next cycle.

BRCA1/BRCA2/PALB2 negative patients have sporadic BC. Age-dependent probabil-
ities allow them to develop sporadic OC and progress to the health state of ‘BC and OC’.
They have a probability of dying from sporadic BC. Women who do not progress to BC
and OC or die would stay in the health state of sporadic BC to undertake the next cycle.

1.2. Patients in Clinical Criteria/FH Testing Arm

In the clinical criteria/FH testing arm, patients with positive FH undergo genetic-test-
ing and get classified as path var carriers, VUS, or non-carriers. A proportion of VUS pa-
tients (8.7%) get subsequently get reclassified as path var carriers.

Patients with negative FH do not undergo genetic testing. They can be undetected
BRCA1/BRCA2 path var carriers, undetected PALB2 path var carriers, or
BRCA1/BRCA2/PALB2 negative non-carriers.

Options of CPM/RRSO and disease progression for identified BRCA1/BRCA2/PALB2
BC path var carriers and disease progression for BRCA1/BRCA2/PALB2 negative BC pa-
tients, is the same as those in the unselected testing arm and are described above.

Undetected BRCA1/BRCA2 path var carriers are not offered CPM or RRSO, and un-
detected PALB2 path var carriers are not offered CPM. Depending on their baseline risk
they progress to either germline contralateral BC or both BC and OC. Also they have a
probability of dying from germline BC. Patients who do not progress or die would stay in
the state of germline ipsilateral BC and undertake the next cycle.

1.3. Relatives in the Unselected Testing Arm

In the unselected testing arm, relatives of BC path var carriers are offered
BRCA1/BRCA2/PALB2 genetic testing and classified as path var carriers or non-carriers.
Relatives of BC patients with BRCA1/BRCA2/PALB2 VUS (8.7%) who get reclassified as
path var carriers also get offered predictive testing.

Relatives identified with BRCA1/BRCA2 path vars are offered options of risk-reduc-
ing mastectomy (RRM) and RRSO, and those with PALB2 path vars are offered RRM. Un-
affected relatives can also opt for chemoprevention for BC. Depending on the probability
of path var carriers undertaking an RRM and/or RRSO (+/- chemoprevention) they pro-
gress to either germline BC (BRCA1/BRCA2/PALB2) or germline OC (BRCA1/BRCA2), or
stay in a health state of no cancer. They have a probability of dying from the background
all-cause mortality.
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BRCA1/BRCA2/PALB2 negative women progress to sporadic BC or sporadic OC, or
stay in the health state of no cancer. They have a probability of dying from the background
all-cause mortality.

1.4. Relatives in the Clinical-Criteria/FH Testing Arm

In the clinical-criteria/FH testing arm, relatives of identified BRCA1/BRCA?2 path var
patients undergo predictive BRCA1/BRCA?2 genetic testing. They are classified as path var
carriers, or non-carriers. Relatives of BC patients with VUS who get reclassified as path
var carriers also undergo predictive BRCA1/BRCA2 testing.

PALB? path var carriers cannot be detected with only FH based BRCA1/BRCA2 ge-
netic testing being offered. Relatives of patients with negative FH may be undetected
BRCA1/BRCA2 path var carriers, undetected PALB2 path var carriers, or
BRCA1/BRCA2/PALB?2 negative.

The options of RRM and RRSO for identified carriers are the same as in the unselected
testing arm. For identified BRCAI1/BRCA2/PALB2 path var carriers and non-carries
(BRCA1/BRCA2/PALB2 negative), the disease progression is the same as relatives in the
unselected testing arm.

Undetected BRCA1/BRCA2 path var carriers do not undergo RRM or RRSO, and un-
detected PALB2 path var carriers do not undergo RRM. Depending on their baseline risk
they progress to either germline BC or germline OC, or stay in ‘no cancer’ health state.
They also have a probability of dying from the background all-cause mortality.

2. Probabilities of Different Pathways in the Model and Explanations

Table S1. Probabilities of different pathways in the model and explanations.

Probability Value (95% CI) (Range) Description Source
BRCA1/BRCA2 mutation prevalence in unselected breast
P1 0.053 (0.049,0.058) ) [1]
cancer patients
PALB2 mutation prevalence in unselected breast cancer
P2 0.007 (0.005, 0.009) [1]
patients
Probability of having a positive FH among unselected
P3 0.100 (0.093,0.106) [1]
patients
P4 0.181 (0.155,0.210) BRCA1/BRCA2 mutation prevalence in FH-positive patients [1]
P5 0.024 (0.014,0.037) PALB2 mutation prevalence in FH-positive patients [2]
Pé6 0.0453 (0.0350,0.0585) BRCA1/BRCA2 VUS prevalence in breast cancer patients [3]
P7 0.0186 (0.0130,0.0264) PALB2 VUS prevalence in breast cancer patients [3]
P8 0.0869 (0.0755,0.0999) Reclassification rate of VUS [4]
P9 0.47 (0.34,0.56) Uptake of RRM in unaffected mutation carriers [5]
P10 0.539 (0.442,0.636) Uptake of CPM in carriers with breast cancer [6]
P11 0.55 (0.45,0.64) Uptake of RRSO in unaffected carriers [7]
P12 0.567 (0.506,0.629) Uptake of RRSO in carriers with breast cancer [8]
Reduction in breast cancer risk from RRM without RRSO in
P13 0.911 (0.62,0.98) [9]
unaffected mutation carriers
Reduction in breast cancer risk from RRM with RRSO in
P14 0.95 (0.78,0.99) [9]
unaffected mutation carriers
HR for breast cancer from RRSO alone in unaffected mutation
P15 0.49 (0.37,0.65) [10]

carriers
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HR for contralateral breast cancer risk from CPM after breast
(0.07,0.45) [6]
cancer diagnosis

HR for contralateral breast cancer risk from RRSO after breast

(0.20,0.61) [11]
cancer diagnosis

(0.8,0.96) Reduction in ovarian cancer risk from RRSO [10,12]
(0.27,0.79) HR for breast cancer survival from RRSO [13]
(0.17,0.80) HR for breast cancer survival from CPM [6]
(0.76,0.83) Compliance of HRT [14]
(0.60,0.83) HR of breast cancer risk from chemoprevention [15]
(0.136,0.19) Uptake of breast cancer chemoprevention [16]
(0.0068,0.0076) Annual excess risk of developing CHD after RRSO [17]
(0.011,0.043) Cumulative mortality from CHD after RRSO without HRT [17]

95%CI - 95% confidence interval, CHD - coronary heart disease, CPM - contralateral prophylactic mastectomy, FH - family
history, HR - Hazard Ratio, HRT - hormone replacement therapy, RRSO - risk-reducing salpingo-oophorectomy, RRM -
risk-reducing mastectomy, VUS - variant of uncertain significance.

Explanations:

P1-P2: The probabilities of carrying a BRCA1/BRCA2 (P1) or PALB2 (P2) Pathogenic
variant (path var) in unselected breast cancer patients are taken from a population based
Chinese study (Sun et al 2017) of 8,085 consecutive unselected breast cancer patients[1].

P3: The proportion of having a positive family history is obtained from the Chinese
study by Sun et al 2017.[1] 805 patients among 8,085 unselected breast cancer cases have
a positive family history.

P4: The overall BRCA1/BRCA2 mutation prevalence among FH positive breast cancer
patients is taken from Sun et al 2017[1].

P5: The probability of carrying a PALB2 mutation in breast cancer patients with a
positive FH is calculated based on Sun et al 2017[1].

P6-P7: We obtained the BRCA1/BRA2/PALB2 VUS prevalence from a systematic re-
view and meta-analysis by van Marcke et al 2018 including 1,870 breast cancer patients(®.
VUS rate to be 1.23% for BRCA1, 3.29% for BRCA2 and 1.86% for PALB2 in high-risk breast
cancer patients.[3] This gives a total VUS rate of 6.4%|3].

P8: The reclassification rate of VUS is taken from Mersch et al 2018 [4]. 8.69% of VUS
(178 of 2048) were upgraded to pathogenic or likely pathogenic variants.

P9: The probability that unaffected carriers will undergo RRM is taken from an anal-
ysis of UK BRCA1/2 carriers by Evans et al 2009 [5]. A composite uptake rate for BRCA1
(60% RRM rate) and BRCA?2 (43% RRM rate) carriers weighted for the relative prevalence
of BRCA1 and BRCA2 mutations was computed [5].

P10: The uptake of CPM in BRCA1/BRCA2 women diagnosed with unilateral breast
cancer is obtained from a cohort study by Evans et al 2013 in the UK [6].

P11: The uptake of RRSO in unaffected BRCA1/BRCA?2 carriers is taken from a study
among high-risk UK women [7].

P12: The uptake of RRSO in women with BRCA1/BRCA2 breast cancer is taken from
Kauff et al 2008[8].

P13: The reduction in breast cancer risk from RRM in BRCA1/BRCA2 mutation carri-
ers not undergoing RRSO is taken from the PROSE study data by Rebbeck et al 2004 [9].

P14: The reduction in breast cancer risk in BRCA1/BRCA2 mutation carriers under-
going RRM and RRSO is taken from the PROSE study data by Rebbeck et al 2004 [9].

P15: The Hazard Ratio for breast cancer in pre-menopausal unaffected
BRCA1/BRCA2 women undergoing RRSO alone is taken from a meta-analysis by Rebbeck
et al 2009 [10].
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P16: The Hazard Ratio for contralateral breast cancer risk from CPM in women with
BRCA1/BRCA2-associated breast cancer is obtained from Evans 2013 [6].

P17: The Hazard Ratio for contralateral breast cancer risk from RRSO in
BRCA1/BRCA2 mutation carriers after breast cancer diagnosis is obtained from a UK
study by Basu 2015 [11], using data from the regional genetics service and the family his-
tory clinic at the Genesis Breast Cancer Prevention Centre in Manchester.

P18: The reduction in ovarian cancer risk obtained from RRSO is taken from previous
studies which report a 4% residual-risk of primary peritoneal cancer following RRSO [12].

P19: The Hazard Ratio for breast cancer survival from RRSO is obtained from
Metcalfe 2015 [13].

P20: The Hazard Ratio for breast cancer survival from CPM is obtained from Evans
2013 [6].

P21: HRT compliance rate is obtained from a UK cohort (Read et al, 2010) [14].

P22: The Hazard Ratio for breast cancer risk from chemoprevention in high-risk
women is obtained from the extended long-term follow-up of the IBIS-I breast cancer pre-
vention trial (Cuzick et al 2015) [15].

P23: The uptake of breast cancer chemoprevention is obtained from a recent meta-
analysis by Smith et al 2016 [16].

P24: Excess risk of CHD after RRSO is estimated using data from Parker 2013 [17].
The absolute excess CHD incidence is obtained by subtracting CHD incidence in women
undergoing RRSO from those not.

P25: The risk of CHD mortality is obtained from the Nurses Health Study (Parker et
al 2013) [17]. Death from CHD is reported in 1 in 33 pre-menopausal women undergoing
RRSO and not taking HRT [17].

3. Generating Cohort of Relatives

Table S2. Generating cohort of relatives.

First-degree relatives Mother Father Siblings Children
Average number 1 1 0.69 1.69
Age relative to index case 28 30 0 -28
Sex, probability female 100% 0% 48.68% 48.68%
Probability mutation 50% 50% 50% 50%
Second-degree relatives Grandparents Uncle/aunts Nieces/nephews Grandchildren
Average number 4 1.38 1.17 2.86
Age relative to first-degree
relatives 2 0 2 2
Sex, probability female 50% 48.68% 48.68% 48.68%
Probability mutation 25% 25% 25% 25%
Reference United Nations World Population Prospects [18]

The average number of first or second-degree relatives, ages relative to index cases,
and the probability of being female are derived from the United Nations World Popula-
tion Prospects [18]. The number of breast cancer cases by age group is reported by the
World Health Organisation (GLOBOCAN-2018) [19]- Based on the average number of rel-
atives and the age relative to the index cases (see table above), we calculated the number
of first-/second-degree relatives at different ages. Then we used the lifetables based on age
and gender [20] to obtain the probability of being alive for relatives at different ages and
to calculate the number of relatives that need to be tested. The probability of carrying a
path-var/mutation in a first-degree relative of a known mutation carrier (following pre-
dictive testing) is 50%. The probability of carrying a path-var/mutation in a second-degree
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relative of a known mutation carrier (following predictive testing) is 25%. The number of
unaffected female relative path var carriers identified through cascade testing is calcu-
lated to be 1.27 per index path var carrier with BC in China. Male first-degree relatives
were tested to inform the need to test second-degree relatives but they were not followed
in the model. Long-term outcomes-&-costs were only modelled for females.

4. Summary of Medical Costs Used in the Model (2019 Prices) and Explanation

Table S3. Summary of medical costs used in the model (2019 prices) and explanation.

Item RMB UsSD
Cost of genetic testing 2534 367
Cost of RRSO (and HRT and osteoporosis prevention) 26,881 3896
Cost of ovarian cancer diagnosis and initial treatment 14,907 2161
Yearly cost of ovarian cancer treatment and follow-up: years 1-2 55,651 8065
Yearly cost of ovarian cancer treatment and follow-up: years 3-5 55,109 7987
Terminal care cost with ovarian cancer 11,545 1673
Cost of breast cancer screening general 1223 177
Cost of breast cancer screening mutation carriers 12,767 1850
Cost of RRM (and reconstruction and complications) 5414 785
Cost of CPM (and reconstruction and complications) 4045 586
Cost of chemoprevention 536 78
Cost of breast cancer diagnosis and initial treatment (Sporadic, PALB2) 82,148 11,905
Cost of breast cancer diagnosis and initial treatment (BRCA1/BRCAZ2) 73,368 10,634
Yearly cost of breast cancer follow-up and adjuvant treatment: years 1-5
13,275 1925
(Sporadic)
Yearly cost of breast cancer follow-up and adjuvant treatment: years 1-5
(BRCA1/BRCA2) HA46d 1eez
Yearly cost of breast cancer follow-up and adjuvant treatment: years 1-5
13,496 1955
(PALB2)
Terminal care cost with breast cancer 11,545 1673
Cost of fatal CHD 12,881 1867
Cost of excess CHD 13,025 1888

CPM - contralateral prophylactic mastectomy, HRT — hormone replacement therapy, RRSO - risk-
reducing salpingo-oophorectomy, RRM - risk-reducing mastectomy. Model costs are estimated at
2016 prices.

Explanations:

We collected primary data on relevant direct medical costs from the Urban Basic
Medical Insurance Database in China[21]. All costs are adjusted for 2019 price index. We
convert Chinese RMB values to 2019 USD dollars using purchasing-power-parity (PPP)
factor[22] and consumer price index (CPI). Costs of breast cancer (BC), ovarian cancer
(OC) and excess coronary heart disease (CHD) are included. In line with NICE recom-
mendations, future healthcare costs not associated with BC, OC, or CHD were not consid-
ered[23].

4.1. Cost of Genetic Testing/Counselling
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The cost of BRCA1/BRCA2/PALB? testing is $367 based on the pricing list of genetic
testing companies in China.

4.2. RRSO Costs

The RRSO cost and HRT cost are obtained from the Urban Basic Medical Insurance
Database. Costs include the cost of three follow up DEXA scans for monitoring bone
health and calcium and vitamin-D3 for additional osteo-protection. Costs assume HRT is
given from average age of RRSO to the average age of menopause (51 years). These costs
are calculated for the 80% assumed to be compliant with HRT.

4.3. RRM and CPM Costs

The RRM and CPM costs are obtained from the Urban Basic Medical Insurance Da-
tabase. Reconstruction rates of around 91% have been reported after RRM [24]. For RRM
and reconstruction we assume a 26.2% minor complication rate and 5.6% major compli-
cation rate [25], additional costs for which have been included for both minor and major
complications [25]. Reconstruction rate after contralateral prophylactic mastectomy
(CPM) is 90% [26]. Complication rates for contralateral mastectomy are higher than uni-
lateral mastectomy and the major complication rate with reconstruction is higher than
without reconstruction. The complication rate for contralateral mastectomy without re-
construction is 42.9% (40.9% minor and 2% major)[26] and the complication rate for con-
tralateral mastectomy and reconstruction is 41.6% (27.7% minor and 13.9% major) [26].

4.4. Costs of Ovarian Cancer Treatment

We assume that the costs of ovarian cancer diagnosis include a pelvic examination,
ultrasound scan, CA125 test, CT scan, percutaneous biopsy, and peritoneal cytology. The
costs of ovarian cancer treatment include the reference cost for a lower and upper genital
tract very complex major procedure and administration of chemotherapy based on 6 cy-
cles of carboplatin and paclitaxel treatment. It is assumed that in the first and second years
treated survivors would have a further three consultant visits, a CT scan and four CA125
tests each year. In the third to fifth years post-surgery, it is assumed that survivors would
have two consultant visits and two CA125 tests. Costs for ovarian cancer diagnosis, treat-
ment, and recurrence are derived from the Urban Basic Medical Insurance Database. In
line with NICE recommendations future healthcare costs not associated with ovarian can-
cer are not considered [23].

4.5. Cost of Breast Cancer Screening

For non-carriers, we assume routine biennial mammography between 45-69 years for
non-carriers according to the breast cancer screening guideline for Chinese women [27]
(13 mammograms on average). For BRCA1/BRCA2/PALB2 mutation carriers, we assume
annual mammogram and MRI starting at 30 years, and annual mammography only from
50 years [27].

4.6. Cost of Chemoprevention

BRCA1/BRCA2 mutation carriers are offered Tamoxifen (premenopausal) or Raloxi-
fene (postmenopausal) for 5 years [28,29] to reduce breast cancer risk. The drug costs are
obtained from the Urban Basic Medical Insurance Database. 16.3% uptake is assumed for
chemoprevention [16].

4.7. Costs of Breast Cancer Treatment

In the general population, 10% breast cancer is non-invasive DCIS and 90% is inva-
sive. 96.7% of invasive breast cancer is early and locally advanced (stage 1-3), and 3.3% of
invasive breast cancer is advanced breast cancer (stage 4) [30]. In BRCA1/2 carriers, 20%
of cancers are DCIS and 80% invasive [31,32].
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70% of invasive breast cancers are ER-positive [33,34], among which 49% are premen-
opausal. 15% of early/locally advanced breast cancers and 25% of advanced breast cancers
are HER2-positive. 27% BRCA1 and 67% BRCA2 breast cancers are ER-positive; 5% BRCA1
and 14% BRCA2 breast cancers are HER2-positive [35-40]. All costs are adjusted for
BRCA1/BRCA2 breast cancers for differences in stage at presentation, the proportion of
being non-invasive, and the proportion of being ER-positive or HER2-positive.

Diagnosis costs: Diagnosis in the breast clinic is made by triple assessment (clinical
assessment, mammography, and ultrasound imaging with core biopsy and/or fine needle
aspiration cytology) [33]. For all patients presented with suspected advanced breast can-
cer, MRI should be offered to assess for bone metastases [34].

Sentinel lymph node biopsy (SLNB) costs: SLNB is used for staging axilla for early
invasive breast cancer and no evidence of lymph node involvement on ultrasound or a
negative ultrasound-guided needle biopsy (73% of early and locally advanced invasive
cancers).

Pre-treatment axilla ultrasound costs: Pre-treatment ultrasound evaluation of the ax-
illa should be performed for all patients being investigated for early invasive breast cancer
and, if morphologically abnormal lymph nodes are identified, ultrasound-guided needle
sampling should be offered [33]. The commissioning cost of pre-treatment ultrasound
evaluation of the breast and axilla is the same as that of the breast only [41]. The costing
model considers the cost of ultrasound-guided needle sampling only.

Axillary lymph node dissection (ALND) costs: ALNB is undertaken for lymph node
positive cancers (~31% early and locally advanced invasive cancers [33,41,42]; 30% node
positive for BRCA1/2 breast cancer)[31,35-37,43]. Cost of ALND is assumed to be 25% of
the cost of breast surgery as per NICE guideline development group recommendation
[41].

Breast surgery costs include costs of breast conserving surgery (assumed for all non-
invasive cancers, and 75% of early/locally advanced invasive cancers) and costs of mas-
tectomy (for 25% early/locally advanced and all advanced cancers). Reconstruction rate
following mastectomy is assumed to be 34% [44]. The complication rate following mas-
tectomy alone is 21.5% (19.5% minor and 2% major) [26] and complication rate following
mastectomy and reconstruction is 28.6% (24.5% minor & 4.1% major)[26]. Costs are ob-
tained from the Urban Basic Medical Insurance Database.

Chemotherapy and radiotherapy costs: Invasive breast cancers who are not at low
risk [42,45,46] receive adjuvant treatment. Costs include radiotherapy costs for 60% of
early invasive/locally advanced, radiotherapy and chemotherapy costs for 40% early in-
vasive/locally advanced, and chemotherapy for all advanced cancers. Chemotherapy
costs based on polychemotherapy [43], include administration costs, costs of 1st and 2nd
line therapy and toxicity from NICE guidelines [34,41].

Endocrine therapy costs: ER-positive invasive breast cancers receive Tamoxifen
20mg/day (premenopausal) or Anastrazole Img/day (postmenopausal). 70% of invasive
breast cancers are ER-positive [33,34], among which 49% are premenopausal. We assume
the length of endocrine therapy is 5 years. The drug costs are obtained from the Urban
Basic Medical Insurance Database.

Target therapy costs: HER2-positive breast cancer patients can be given at 3-week
intervals for 1 year or until disease recurrence. Breast cancer patients with positive HER2
are eligible for treatment with trastuzumab [33,34]. 10% of the eligible patients are intol-
erant of trastuzumab. Among women suitable for this treatment, 80% receive trastuzumab
[41]. HER? testing costs are obtained from a Chinese tertiary hospital and included for all
invasive breast cancers. The trastuzumab cost per patient is obtained from the Urban Basic
Medical Insurance Database.

Follow up costs: Breast cancer patients are offered mammographic surveillance and
clinical follow-up. We assume patients are followed up every four months in the first two
years, and every six months from the third to the fifth year.
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Bisphosphonate costs: Bisphosphonates is considered to be offered to patients newly
diagnosed with bone metastases, to prevent skeletal-related events and reduce pain [34].
74% patients with advanced breast cancer will develop bone metastases and 65% patients
with bone metastases are offered bisphosphonates[41,47]. Bisphosphonates that are cur-
rently offered include oral sodium clodronate, ibandronic acid, zoledronic acid, and pami-
dronate. The proportions of patients receiving the four drugs are 20%, 30%, 25%, and 25%
respectively. We assume the average length of bisphosphonates treatment is 2.7 years,
which is the life expectancy of advanced breast cancers based on one-year survival rate
(63.2%) [48]. The bisphosphonate costs are obtained from the Urban Basic Medical Insur-
ance Database.

Recurrence costs: For non-invasive breast cancers, the non-invasive and invasive re-
lapse rates are both 12.5%. 35% of early and locally advanced invasive breast cancers pro-
gress to advanced disease [41]. The recurrence rates for early and locally advanced breast
cancer are 15.9% for node-positive [49] and 11% for node-negative disease [50]. Weighted
for 31% node positive and 69% node negative, the composite recurrence rate for early and
locally advanced breast cancer is 12.5%. The recurrence rate for the advanced disease is
66% (34% relapse-free five-year survival) [51].

Terminal care costs: The costs of terminal care for breast cancer are assumed to be the
same as the costs of terminal care for ovarian cancer. In line with NICE recommendations
future healthcare costs not associated with breast cancer ware not considered [23].

4.8. Cost of CHD

We used the ratio of breast cancer treatment costs in China compared to treatment
costs in the UK to impute the costs of excess CHD and fatal CHD in China based on the
cost of CHD in the UK.

5. Examination of Productivity Loss

The retirement ages for females are 50-55 in China and the female labour force par-
ticipation rates are 62.03%, obtained from the World Bank [52]. The hourly wage rate is 5
USD dollars (2016 value) [53] and converted to 2019 values based on CPI in China.

We categorised the productivity costs as three subcomponents: (1) temporary disa-
bility due to short-term work absences following diagnosis, (2) permanent disability due
to reduced working hours following a return to work or workforce departure; and (3)
premature mortality due to death before retirement [54], detailed below.

Table S4. Descriptive statistics for productivity loss in breast and ovarian cancer patients.

Variables Breast Cancer  Ovarian Cancer

(1) Temporary disability
Percentage of temporary disability cases 94.0% 98%!
Average time taken off work following diagnosis (weeks) 44.9 47.22?
(2) Permanent disability
Percentage of permanent disability: reduced hours 26% 40%°
Reduced hours per week after returning to work (hours) 55 5.5
(3) Premature mortality (before retirement)

Percentage of permanent disability: workforce departure 12.9% 30%?3

!We assume 98% ovarian cancer patients have cancer-related short-term work absences after diag-
nosis. 2We assume ovarian cancer patients experience four weeks for surgery, 24 weeks for chem-
otherapy, and 24 weeks for recurrence treatment with the recurrence rate of 80% [55]. > We assume
the percentages of permanent disability for ovarian cancer are 40% for reduced working hours and
30% for workforce departure. Temporary disability was calculated as time absent from work mul-
tiplied by age-specific gross earnings.
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The descriptive statistics for productivity loss in breast cancer patients are obtained
from Hanly et al. 2012 [54].

We calculated productivity costs due to permanent disability by applying age-spe-
cific gross earnings to the reduction in working hours, or the number of working hours if
permanent workforce departure, until retirement age. Regarding productivity loss from
premature mortality, we assumed that without cancer, the productive capacity of an indi-
vidual would continue from the age of diagnosis until age of retirement. We multiplied
the projected years of life lost by the age-specific gross earnings for the remainder of the
working life to generate monetary estimates.

6. Estimates for AGE of onset and Survival for Breast and Ovarian Cancers

Our analysis incorporates lifetime risks and long-term consequences providing a life-
time time-horizon. Female lifetables from the World Health Organisation [20] were used.

We assumed that the median age for undergoing RRM and RRSO in unaffected path
var carriers was 37 and 40 years respectively.[5] The uptake rates of RRSO and RRM are
obtained from established literature [5,7]. OC/BC outcomes were modelled using five-year
survival data. No statistically significant overall long-term survival differences between
germline and sporadic OC/BC have been reported [56-58]. Five-year survival rate for BC
is 83.2% (95% CI: 82.1, 84.3) and for OC is 41.8% (95% CI: 39.8, 43.7) [59]. After five-years,
we assumed the probability of death for all patients was same as the general-population.

The excess risk of CHD following premenopausal oophorectomy is incorporated in
the analysis [17,60]. We incorporated the fact that contralateral BC is associated with a
higher risk of dying from BC [61].

7. Quality-Adjusted Life YEARS (QALYs) and Utility Scores.

QALY is a measurement of health-outcomes in economic evaluations recommended
by NICE. It equals time spent in the relevant health states multiplied by an appropriate
utility-score. Utility-score is an indication of individual preferences for specific health-
states where 1 = perfect health and 0 = death. Utility-score is an adjustment for quality-of-
life and QALY adjusts changes in length-of-life by potential alterations in quality-of-life.
The utility-scores for early, advanced, recurrent, remittent, and end-stage BC are 0.79,
0.69, 0.45, 0.81, and 0.16 respectively[34,62]. The utility-scores for early, advanced, recur-
rent, remittent, and end-stage OC are 0.81, 0.55, 0.50, 0.83, and 0.16 respectively [63]. In
addition, women undergoing RRM or RRSO also experience negative health-ef-
fects[64,65]. We used utility-scores of 0.88 (SD = 0.22) for RRM, 0.95 (SD = 0.10) for RRSO,
and 0.84 (SD = 0.02) for CHD to account for the disutility[66,67].

8. Tornado Diagram — One-Way Sensitivity Analysis
(@)



Cancers 2022, 14, 1839

S10 of S14

T

B upper value

E lower value &

EX

i)
=

Cozm
bz

$2,000/QALY $4,000/QALY $6,000/QALY

ICER=$4,506/QALY

HR for BC survival from CPM

Cost of genetic testing

Cost of RRSO (and HRT and osteoporosis prevention)

HR for BC survival from RRSO

Cost of BC screening mutation carriers

Uptake of CPM in carriers with BC

Reduction in BC risk from RRM without RRSO in unaffected mutation carriers
Cost of BC diagnosis and initial treatment (BRCA1/BRCA2)

Reduction in BC risk from RRM with RRSO in unaffected mutation carriers

Reduction in OC risk from RRSO

$8,000/QALY

Incremental cost-effectiveness ratios - China societal perspective

m EE. HR for breast cancer survival from CPM
Z\Wm Cost of genetictesting
mFm Cost of breast cancer screening general
mm Clinical remission OC - utility score
e utility RRSO
& upper value mm HR for contralateral breast cancer risk from RRSOafter breast cancer diagnosis
@ lower value mFm Costof RRSO
mm Annual excess risk of developing CHD after RRSO
Mm Cost of fatal CHD
= JCER=$7,266/QALY Yearly cost of breast cancer follow-up and adjuvant treatment: years 1-5 (PALB2)
$4,000/QALY $6,000/QALY $8,000/QALY $10,000/QALY $12,000/QALY

References

Incremental cost-effectiveness ratios - China payer perspective

Figure S1. Tornado diagram — One-way Sensitivity Analysis. (a) One-way sensitivity analysis from
societal perspective; (b) One-way sensitivity analysis from payer perspective.

BC - breast cancer, CPM - contralateral prophylactic mastectomy, HR — hazard ratio, ICER- incre-
mental cost-effectiveness ration, OC — ovarian cancer, RRSO - risk-reducing salpingo-oophorec-
tomy, RRM - risk-reducing mastectomy.

X-axis: Incremental cost-effectiveness ratio (ICER, $/QALY) (discounted).

Y-axis: Probability, cost and utility parameters in the model. The model is run at both
lower and upper values/limits of the 95% confidence interval or range of all probability
parameters described in Supplementary Table-1; and both lower and upper values/limits
of the cost and utility-score parameters given in methods and Supplementary Table 3 and
Table 6. Costs are varied by +/- 30%.

‘Upper value’ represents outcomes for upper limit and ‘Lower value’ represents out-
comes for lower limit of the parameter.
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