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Novelty and impact statement: Our data challenges the belief that modern medical endocrine treatment is as 

effective as prophylactic surgery for endocrine ablation in breast cancer survivors. If our data can be 

replicated in another independent dataset, hysterectomy plus removal of the ovaries should be considered by 

premenopausal women diagnosed with breast cancer and could reduce their risk of death by 50%. 

Prophylactic surgery does not seem to be of benefit to postmenopausal women diagnosed with breast cancer. 
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Abstract  

Prophylactic surgery including hysterectomy and bilateral salpingo-oophorectomy (BSO) is recommended 

in BRCA positive women, while in women from the general population, hysterectomy plus BSO increases 

the risk of overall mortality. The effect of hysterectomy plus BSO on women previously diagnosed with 

breast cancer is unknown.  

We used data from a population-base data linkage study of all women diagnosed with primary breast cancer 

in Queensland, Australia between 1997 and 2008 (n=21,067).  We fitted flexible parametric breast cancer 

specific and overall survival models with 95% confidence intervals (also known as Royston-Parmar models) 

to assess the impact of prophylactic surgery (removal of uterus, one or both ovaries). We also stratified 

analyses by age 20-49 and 50-79 years, respectively. 

Overall, 1,426 women (7%) underwent prophylactic surgery (13% of premenopausal women and 3% of 

postmenopausal women). No women who had prophylactic surgery, compared to 171 who did not have 

prophylactic surgery developed a gynaecological cancer. Overall, 3,165 (15%) women died, including 2,195 

(10%) from breast cancer. Hysterectomy plus BSO was associated with significantly reduced risk of death 

overall (adjusted HR = 0.69, 95% CI 0.53-0.89; P =0.005). Risk reduction was greater among 

premenopausal women, whose risk of death halved (HR, 0.45; 95% CI, 0.25-0.79; P < 0.006). This was 

largely driven by reduction in breast cancer-specific mortality (HR, 0.43; 95% CI, 0.24-0.79; P < 0.006).  

This population-based study found that prophylactic surgery halved the mortality risk for premenopausal 

breast cancer patients. Replication of our results in independent cohorts, and subsequently randomised trials 

are needed to confirm these findings.  
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Introduction 

Breast cancer is the most frequently diagnosed cancer and the leading cause of cancer death among females 

globally, accounting for 23% of total cancer cases and 14% of cancer deaths in 2008 1. Breast cancer 

incidence has been rising in Asia and Africa 2, 3, while rates have largely stabilised in North America, 

Europe and Australia 4, 5, although in young women (25-39 years) an increase in breast cancer with distant 

involvement has been observed (United States SEER data 1996-2009; 6). 

Risk factors for breast and uterine cancers are well described and include prolonged exposure to and higher 

concentrations of endogenous estrogen 7, 8. Women in Queensland (QLD), Australia (including mutation 

carriers), who were diagnosed with breast cancer subsequently have a more than 150% increased risk of 

developing uterine cancer and also a higher than 40% increased risk of developing ovarian cancer compared 

to the general population 9. Prophylactic hysterectomy and bilateral salpingo-oophorectomy (BSO) could 

reduce the risk of subsequent gynaecological and breast cancers in these patients.  

In breast cancer susceptibility gene (BRCA) carriers, prophylactic risk-reducing BSO significantly reduces 

ovarian cancer risk 10 and incidence of new breast cancers in premenopausal women 11-13. Consequently, in 

BRCA carriers BSO decreases all-cause, breast cancer-specific, and ovarian cancer-specific mortality11-13. 

However, only 5 to 6% of all breast cancers are directly attributable to inheritance and the cumulative risk of 

developing breast cancer by age 70 for a mutation carrier in Australia is approximately 40% 14, less than had 

been estimated from studies in other countries 15. Furthermore, the cumulative risk of ovarian cancer by age 

70 is estimated at 40 to 50% for BRCA1 mutation carriers and 10 to 25% for BRCA2 carriers 16-19.  

In women at average cancer risk without a previous diagnosis of breast cancer, two large prospective studies 

and one retrospective population-based cohort study found that BSO reduced risk of ovarian cancer by more 

than 96% and the risk of breast cancer in women 45 years or younger by 40%.  However, these benefits 

were counteracted by a significantly increased risk of death from other causes (e.g. cardiovascular disease) 

compared with women who preserved their ovaries, particularly among premenopausal women 20-27. In a 

meta-analysis of 12 case-control studies and a recent case-control study, hysterectomy alone without BSO 

was reported to reduce the risk of ovarian cancer by 34% 28 and breast cancer risk by 16% 29, respectively. 
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The exact mechanism of this is unknown but it is suspected to be induced by reduced follicle stimulating 

hormone levels.   

For patients diagnosed with breast cancer, the benefits and risks of BSO are unknown, especially for the 

majority (>90%) of patients who are BRCA1/2 negative. We therefore used a population-based data linkage 

approach to examine if patients with a personal history of breast cancer who had prophylactic BSO with or 

without hysterectomy experienced different overall and breast cancer specific survival compared to women 

with breast cancer who did not have prophylactic gynaecological surgery.  

 

Methods 

Data 

All cases of invasive breast cancer (ICD-O-3 code C50) diagnosed among women 20-79 years, in 

Queensland (QLD) between 1997 and 2008 were selected from the population-based QLD Cancer Registry 

(QCR).  Cases based on autopsy or death certificate only were excluded. Other data items available from the 

QCR included breast cancer cell type (morphology), Indigenous status (self-identified), laterality and size of 

the tumour, number of lymph nodes surgically excised, number of lymph nodes positive, as well as 

information regarding second primary cancers. Cause of death was ascertained through routine matching 

with the Australian National Death Index, with follow up to the 31st December 2009.  

The QCR also holds a record of the most recent admission to every public and private hospital within QLD 

for each cancer patient.  This facilitated a deterministic linkage between the QCR data and the QLD Hospital 

Admitted Patient Data Collection for all admissions on or after the date of diagnosis of breast cancer until 

the end of 2009 as well as any gynaecological surgery that occurred between 1995-2009. Matching was 

performed using a unique hospital record number that was stored in both datasets. Once this link was in 

place we could then identify all admitted episodes of care for each woman during the study period. In 

particular, we were able to obtain details of breast-cancer related surgical treatment as well as any 

gynaecological surgery (BSO +/-hysterectomy).  Data on selected comorbidities (atherosclerosis, 
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cerebrovascular disease, cholesterol (hypercholesterolemia), dementia, deep vein thrombosis, diabetes, heart 

disease, osteoporosis/bone fractures and pulmonary embolism) that were documented during admission were 

also obtained (see Table 1 for definitions).  After the data linkage was completed, de-identified data was 

extracted by the data custodians for analysis.   

 

Surgical procedures 

Relevant gynaecological and breast-cancer related surgical codes are shown in Table 1, classified by type of 

procedure.  For the aim of this study we defined “prophylactic” gynaecological surgery as those surgical 

procedures that were performed electively at least 30 days prior to a diagnosis of gynaecological cancer.   

Four procedure groups were formed: (i) hysterectomy only (including hysterectomy plus unilateral salpingo-

oophorectomy (USO)); (ii)  BSO only (including two separate USOs); (iii) both hysterectomy and BSO; and 

(iv) neither (including single USO only). Procedures were conservatively classified as “hysterectomy only” 

in situations where it was unclear whether a hysterectomy also involved a USO or BSO (see Table 1).   

Some women with breast cancer did not have a matching hospital treatment record.  The reasons for this are 

unclear, but may include those who received treatment either interstate or overseas.  As we could not be sure 

that these cases did not undergo any prophylactic gynaecological surgery, they were excluded from the study 

to ensure that they were not incorrectly included in the group who did not have surgery. 

 

Statistical analyses 

Survival time was calculated as the number of days between diagnosis and either death or 31st December 

2009, whichever came first.. The follow-up period for each patient was divided between the four 

prophylactic gynaecological surgical procedure groups, depending on what type and timing of procedures. 

For instance, if a patient who survived for eight years had a prophylactic hysterectomy without BSO two 

years after her breast cancer diagnosis, then the first two years of her follow up were assigned to the group 

with no surgery, while the remaining six years were assigned to the group of “hysterectomy only”.    
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Flexible parametric survival models (also known as Royston-Parmar models) were used for this analysis30, 

31.  The baseline survival distribution is represented as a restricted cubic spline function in Royston-Parmar 

models. This leads to several advantages over the traditional Cox proportional hazard models, particularly 

the ease with which non-proportional effects can be handled. 

Royston-Parmar models may be fitted using various scales for the restricted cubic spline function, including 

hazards (Weibull models), odds (loglogistic models) and normal (probit models).  A differing number of 

internal “knot points” (where the pieces of the spline function join) can also be defined. The aim is to choose 

the scale and number of knot points which result in the best proportionality assumption for the covariates, 

and is determined by the combination that minimizes the Bayes information criterion statistic.  Significant 

covariates are selected via backward elimination using a multivariable fractional polynomial approach31.   

We conducted modelling for all-cause survival, breast-cancer specific survival and survival due to causes 

other than breast cancer.  The analysis of breast-cancer specific survival was further stratified for “pre-

menopausal” and “post-menopausal” women (20-49 years and 50-79 years).  For the all-cause and breast-

cancer specific survival models, the normal scale with 3 degrees of freedom (2 internal knot points) 

provided the best fit, while for non-breast cancer survival the optimum model was on the odds scale also 

with 3 degrees of freedom.   

The main variable of interest was prophylactic gynaecological procedure group.  Delayed entry survival 

models were utilised to account for the fact that the prophylactic gynaecological procedure group for an 

individual could alter during their time at risk. Other covariates that were considered included age group at 

diagnosis of first primary breast cancer, Indigenous status, area-based socioeconomic status, locality of 

residence, morphology, tumour size, lymph node ratio, laterality, type of breast cancer surgery, hospital 

type, diagnosis of second primary cancer (breast, gynaecological, and other), and the comorbidities listed 

above.  In addition, significant covariates (p <= 0.20), including prophylactic gynaecological procedure 

group, were tested for time dependency within each model, by fitting interactions between the covariates 

and time using additional spline functions.      
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Unadjusted and adjusted estimates of 10-year survival with 95% confidence intervals were calculated.  

Differences in survival by prophylactic gynaecological procedure group were determined using the model 

coefficients (β), with the reference group being “neither hysterectomy nor BSO”.  The significance of the 

overall effect for prophylactic gynaecological surgery group was also assessed using the Wald test and 

expressed in terms of a chi-square statistic. Individual estimates were only considered significant if p <= 

0.05 for the overall effect.  Adjusted survival curves were produced by averaging the predicted survival 

curve for each subject in a particular stratum.     

Propensity score analysis was retrospectively applied to breast cancer specific survival among younger 

women, in an attempt to minimise selection bias that could have explained survival differences by 

prophylactic gynaecological procedure group 32, 33. The propensity score is defined as the probability of 

treatment assignment conditional on observed baseline covariates. Covariates recorded at the time of breast 

cancer diagnosis and known to influence survival were age, tumour size and positive lymph node ratio 

expressed as continuous variables along with categorical groupings for Indigenous status, locality of 

residence and cell type/morphology (as shown in Table 2). Observations were randomly sorted prior to 

matching. Propensity scores for treatment ranged from 0.056 to 0.319 for breast cancer patients aged 20-49 

years.  Those who had some form of prophylactic gynaecological surgery were matched with three others 

who did not have surgery using nearest neighbour matching without replacement, with a maximum absolute 

difference of 0.01 allowed in the propensity score for each matched pair (one woman was excluded as there 

were only 2 suitable matches). Paired t-tests were used to ensure that there were no biases in the distribution 

of the matching variables between the treated and untreated subjects. 

The survival analysis described above was then repeated for the matched cohort. The optimum Royston-

Parmar model was on the the normal scale with 2 degrees of freedom.  Variables used in the matching 

process were not included as covariates; rather, Austin [ref] suggests that survival models should be 

stratified on the matched groups to account for the matched nature of the cohort.  As it is not possible to 

stratified a parametric model when the numbers in each strata are so small (n=4), instead we divided the 

matched groups into deciles based on the propensity score of the treated case, and the model was then 

stratified by these deciles (n~340 in each strata).  
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All data analyses were performed using Stata/SE version 12.1 for Windows. Human Research and Ethics 

approval for this study was obtained from the Human Research Ethics Committee at the Royal Brisbane and 

Women’s Hospital (HREC/10/QRBW/425).  

 

Results 

Of the 25,536 patients diagnosed with primary female breast cancer in QLD between 1997 and 2008, 21,067 

(82%) were eligible.  The remaining 4,467 women were excluded due to not having a matching hospital 

record (2,736 cases, 11%), being younger than 20 years or older than 79 years at the time of diagnosis 

(1,726 cases, 7%), or where the basis of diagnosis was either autopsy or death certificate only (7 cases, 

0.03%).  Those who were eligible amassed a total of 119,340 years at risk (median follow-up of 4.6 years; 

interquartile range 3.0 to 8.6 years). Overall, 3,165 (15%) women died during follow-up, including 2,195 

(10%) from breast cancer. Key demographic, clinical and treatment characteristics of the study cohort are 

summarised in Table 2.   

Overall, 1,426 women (7%) underwent prophylactic gynaecological surgery (Table 2). However, this varied 

by age, with 13% of breast cancer patients in the 20-39 age group having prophylactic gynaecological 

surgery compared to only 3% who were aged 70-79 years old at diagnosis. Apart from younger age, women 

were more likely to have prophylactic gynaecological surgery if they were non-Indigenous, diagnosed with 

infiltrating ductal and lobular carcinoma, if they had positive axillary lymph nodes and attended both a 

public and private hospital for breast cancer treatment. Women who lived in a major city, or who had 

cerebrovascular disease, diabetes mellitus or heart disease were less likely to undergo prophylactic 

gynaecological surgery. 

A total of 171 women developed gynaecological cancer subsequent to breast cancer, all in women who did 

not have prophylactic gynaecological surgery (p = 0.006, Table 2). Of those, 23 cancers developed in 

premenopausal women (including 8 ovarian cancers), and 148 in postmenopausal women, respectively. In 

addition, 1,006 women developed new primary breast cancers and 868 were diagnosed with at least one 
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other cancer following their initial breast cancer. There were no significant differences in the distribution of 

subsequent new breast cancers (p = 0.094) or other cancers (p = 0.123) by final prophylactic surgery status.  

After adjustment for the covariates listed in Table 3, breast cancer patients who had both a hysterectomy and 

BSO had a significantly higher survival rate 10 years after diagnosis for all causes of mortality (85%) 

compared to those who did not have any prophylactic gynaecological surgery ( 79%, p = 0.002; Table 4 and 

Figure 1).  The differential was similar for breast cancer specific mortality (adjusted 10 year survival of 89% 

and 85% respectively, p = 0.005).  However, for both all cause and breast cancer specific mortality, there 

was no statistically significant evidence of a survival benefit among women who had either a prophylactic 

hysterectomy only or BSO only compared to the non-surgery group.  There was also no disparity in survival 

by prophylactic gynaecological surgery group due to causes other than breast cancer, including other types 

of cancer (Table 4 and Figure 1), or for non-cancer deaths only (data not shown). 

Further analysis by age at diagnosis for breast cancer specific survival indicated that the improvement in 

prognosis among those who had both a hysterectomy and BSO was only significant among younger women 

(Table 5, Figure 2).  Premenopausal women (20-49 age group) had significantly better survival after 10 

years (93%) compared to women of the same age who had neither procedure (83%, p = 0.001).   In contrast, 

there were no significant differences in breast cancer specific survival by type of prophylactic 

gynaecological surgery for women 50-79 years. 

When we repeated the breast cancer specific survival analysis for women aged 20-49 using the matched 

sample, results were similar (Supplementary Table).  Again, a significant survival advantage was only seen 

for women who had hysterectomy plus BSO compared to those who did not have any prophylactic 

gynaecological surgery (p=0.002).      

 

Discussion 

In premenopausal women diagnosed with primary breast cancer, prophylactic hysterectomy and BSO 

increased breast cancer-specific survival from 83% to 93% after 10 years. This effect remained after 
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matching for some characteristics that are known to influence prognosis. In contrast, no significant survival 

benefit of prophylactic gynaecologic surgery was observed for postmenopausal women.  

It is generally accepted that estrogen can stimulate breast cancer growth 7. Endocrine treatments suppressing 

circulating estrogens via action on the hypothalamic-pituitary-ovarian axis improve survival outcomes in 

premenopausal hormone receptor-positive breast cancer patients 28. Ovarian ablation either by radiation 

treatment or through surgical removal of the ovaries has been advocated in the past but has become less 

commonly used due to the availability of a modern array of non-invasive endocrine treatment options 34. 

These modern treatments are widely thought to be at least as effective as surgical removal of the ovaries 35.  

Our findings may provide a challenge to this belief.  The main effect of hysterectomy and BSO on breast 

cancer-specific survival limited to premenopausal women suggests that hysterectomy plus BSO provides 

advantage by combined hormone ablation 28. In Australia, endocrine treatment is well accepted and 

established in hormone receptor-positive breast cancer patients. Before the introduction of anti-estrogenic 

medication in the late 1970s, ovarian ablation was performed through surgical removal of the ovaries, 

radiation treatment, GnrH analogues and chemotherapy. Silencing of the ovaries using radiation treatment 

resulted in a 25% benefit compared to patients who had no adjuvant treatment 34. As has been highlighted 

elsewhere 34, we can also assume that BSO had a smaller impact in terms of hormonal ablation on breast 

cancer patients who were given chemotherapy. However, chemotherapy is variable in its effectiveness of 

silencing the ovaries with reported rates ranging between 10-98% 36, 37 and BSO may thus have an effect in 

addition to either chemotherapy or hormonal treatment. While the current study does not answer this 

important question, a three-arm randomised controlled clinical trial (SOFT) that assigned patients to receive 

either oral tamoxifen (control) or tamoxifen plus ovarian function suppression through triptorelin, surgical 

oophorectomy, or ovarian irradiation is in progress 38.  It remains to be researched further as to why only 

patients who had a BSO plus hysterectomy benefitted from improved survival but patients who had a BSO 

or hysterectomy alone did not. 

We did not find any difference in survival after 10 years from causes other than breast cancer by 

prophylactic gynaecological surgery status.  Our results therefore indirectly suggest that the effect of 
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combined prophylactic surgery on menopause-related risk factors such as cardiovascular health was minimal 

and appear to have been heavily outweighed by the survival advantages due to a decrease in breast cancer-

specific mortality. However, a significantly higher proportion of women in the “no surgery” group were 

identified as having cerebrovascular and/or heart disease comorbidities, and this may be part of the reason 

why they were not offered prophylactic surgery; only women with low risk of cardiovascular disease may 

have elected for prophylaxis. 

While population-based studies reflect “real” world scenarios, they do not provide definitive proof of 

mechanism of action leading to the observed outcomes. Overall, within the 10-year observation period of 

our study, 171 women who did not have prophylactic surgery developed gynaecological cancer. Of those 

only 23 patients were premenopausal (14 developed uterine cancer, eight ovarian cancers). In contrast, none 

of the women who had prophylactic gynaecological surgery developed gynaecological cancer. The small 

number of prevented cancers in premenopausal women indicates that it is unlikely that the significant 

survival advantage among premenopausal women is mainly a result of surgical prophylaxis of these 

potential gynaecological cancers. Our data did not provide details of women’s BRCA1/2 status and family 

history. Given that only eight premenopausal breast cancer patients who did not have prophylactic surgery 

developed a new primary ovarian cancer during the observation period, it is also unlikely that the results 

were largely driven by patients at high risk due to genetic mutations.  However, the possibility remains that 

the majority of those who were BRCA1/2 positive may have been offered risk-reducing prophylactic 

gynaecological surgery. 

As noted in the introduction, for women from the general population, the effect of hysterectomy plus BSO 

on overall survival is controversial. The prospective Nurses’ Health Study cohort study included 29,380 

women who had a hysterectomy for benign disease (mean age at surgery = 45 years; 28 years follow-up) 21-

23, 39. Women who additionally had a BSO had significant reductions in ovarian cancer incidence and 

mortality and reduced risk of breast cancer incidence for premenopausal women following hysterectomy and 

BSO. However, BSO at the time of hysterectomy was associated with increased overall mortality in women 

younger than 50 years who never used estrogen therapy, and at no time was BSO associated with increased 

overall survival 39, 40.  
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The prospective Women’s Health Initiative Observational Study included 25,448 women who had a 

hysterectomy for a benign condition (average age 49 years; follow-up eight years) 20. Women in this study 

were initially invited to participate in the Women’s Health Initiative randomized trial that evaluated 

postmenopausal hormone therapy, but were either found ineligible or declined participation in the trial. 

Women who had a BSO during hysterectomy had significant reductions in ovarian cancer incidence and 

mortality compared with women who conserved their ovaries. In contrast to the Nurses’ Health Study, breast 

cancer incidence was not reduced for women who had a BSO, nor was there an increased risk in all cause 

mortality among pre- or postmenopausal women who had a BSO at the time of hysterectomy.  

The retrospective population-based Mayo Clinic Cohort Study of Oophorectomy and Aging enrolled 2365 

women who underwent USO or BSO for benign disease in conjunction with hysterectomy 26. Every member 

of the cohort was matched by age to a referent woman in the same population who had not undergone 

oophorectomy. The median age at time of surgery was 44 years among premenopausal women who had a 

BSO and 62 years among postmenopausal women (average follow-up 25 years). Overall mortality was 

significantly higher in women who had received prophylactic BSO before the age of 45 years compared to 

referent women, while having a BSO made no difference to all-cause mortality in postmenopausal women.  

The differences in outcomes of these studies compared to the results presented here are likely explained by 

the different groups of women enrolled. In particular, the three studies outlined above enrolled women from 

the general population who required a hysterectomy for benign conditions, whereas our study enrolled only 

patients diagnosed with primary breast cancer. The latter population clearly has a significantly increased risk 

of death, as well as a significantly increased risk of developing gynaecological cancers 9.  

While this population-based study uses innovative new statistical models, which better handle non-

proportional effects, the design employed within the present study inherits limitations that need to be 

acknowledged. First, the follow-up duration available to us was limited to a maximum of 10 years, due to 

the fact that health administrative data became available in Queensland only in 1997. Secondly, we were 

unable to determine whether pre-existing comorbidities were present at the time of breast cancer diagnosis; 

in most cases these could only be subsequently ascertained if they were recorded in the hospital chart during 
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treatment. On that basis we were unable to take comorbidities into account in the propensity score matching, 

which leaves open the possibility of some bias remaining in the matched cohort analysis. There was also 

some potential for misclassification of women regarding the prophylactic gynaecological surgery groups due 

to procedures that may have been performed prior to matched records being available.  Further, reasons for 

surgery were not recorded in the information provided by Queensland Health.  Information on postoperative, 

adjuvant treatment as well as hormonal replacement therapy (HRT) could not be obtained because these 

treatments do not require a hospital admission. Finally, data on hormone receptor status were not available, 

which would have been valuable to examine if prophylactic gynaecological surgery was effective in 

hormone-receptor positive patients only, or if the effect also extended to hormone-receptor negative breast 

cancer patients. Similarly we were not able to obtain patients’ BRCA status.  

In summary, the results indicate that premenopausal women with breast cancer may benefit from 

hysterectomy plus BSO in addition to the ovarian ablation provided by the adjuvant treatment they 

commonly receive. While the results of the present study are promising and important, the decision to 

undergo prophylactic gynaecological surgery obviously has major ramifications for younger women. 

Therefore, our findings need to be replicated in at least one other independent dataset before current 

treatment recommendations for premenopausal women diagnosed with breast cancer are reconsidered.  

 

 

Acknowledgments: This study was partly funded by a grant from the Cherish Foundation and the Royal 
Brisbane and Women’s Hospital Research Foundation.  Peter Baade and Monika Janda were supported by 
an Australian National Health and Medical Research Council Career Development Fellowships (#1005334 
and #1045247, respectively). 

  



14 
 

References 
 
 1. Cancer IAfRi. Globocan Cancer fact sheet: Breast cancer vol. 2013: 
http://globocan.iarc.fr/factsheets/cancers/breast.asp, 2008. 
 2. Shin HR, Boniol M, Joubert C, Hery C, Haukka J, Autier P, Nishino Y, Sobue T, Chen CJ, You 
SL, Ahn SH, Jung KW, et al. Secular trends in breast cancer mortality in five East Asian populations: Hong 
Kong, Japan, Korea, Singapore and Taiwan. Cancer Sci 2010;101:1241-6. 
 3. Shin HR, Joubert C, Boniol M, Hery C, Ahn SH, Won YJ, Nishino Y, Sobue T, Chen CJ, You SL, 
Mirasol-Lumague MR, Law SC, et al. Recent trends and patterns in breast cancer incidence among 
Eastern and Southeastern Asian women. Cancer causes & control : CCC 2010;21:1777-85. 
 4. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin 2013;63:11-30. 
 5. Youlden DR, Cramb SM, Dunn NA, Muller JM, Pyke CM, Baade PD. The descriptive 
epidemiology of female breast cancer: an international comparison of screening, incidence, survival and 
mortality. Cancer epidemiology 2012;36:237-48. 
 6. Johnson RH, Chien FL, Bleyer A. Incidence of breast cancer with distant involvement among 
women in the United States, 1976 to 2009. JAMA : the journal of the American Medical Association 
2013;309:800-5. 
 7. Breast cancer and breastfeeding: collaborative reanalysis of individual data from 47 
epidemiological studies in 30 countries, including 50302 women with breast cancer and 96973 women 
without the disease. Lancet 2002;360:187-95. 
 8. Calle EE, Kaaks R. Overweight, obesity and cancer: epidemiological evidence and proposed 
mechanisms. Nat Rev Cancer 2004;4:579-91. 
 9. Youlden DR, Baade PD. The relative risk of second primary cancers in Queensland, Australia: a 
retrospective cohort study. BMC Cancer 2011;11:83. 
 10. Kramer JL, Velazquez IA, Chen BE, Rosenberg PS, Struewing JP, Greene MH. Prophylactic 
oophorectomy reduces breast cancer penetrance during prospective, long-term follow-up of BRCA1 
mutation carriers. Journal of clinical oncology : official journal of the American Society of Clinical Oncology 
2005;23:8629-35. 
 11. Domchek SM, Friebel TM, Singer CF, Evans DG, Lynch HT, Isaacs C, Garber JE, Neuhausen 
SL, Matloff E, Eeles R, Pichert G, Van t'veer L, et al. Association of risk-reducing surgery in BRCA1 or 
BRCA2 mutation carriers with cancer risk and mortality. JAMA : the journal of the American Medical 
Association 2010;304:967-75. 
 12. Kauff ND, Satagopan JM, Robson ME, Scheuer L, Hensley M, Hudis CA, Ellis NA, Boyd J, 
Borgen PI, Barakat RR, Norton L, Castiel M, et al. Risk-reducing salpingo-oophorectomy in women with a 
BRCA1 or BRCA2 mutation. N Engl J Med 2002;346:1609-15. 
 13. Rebbeck TR, Lynch HT, Neuhausen SL, Narod SA, Van't Veer L, Garber JE, Evans G, Isaacs 
C, Daly MB, Matloff E, Olopade OI, Weber BL. Prophylactic oophorectomy in carriers of BRCA1 or BRCA2 
mutations. N Engl J Med 2002;346:1616-22. 
 14. Hopper JL, Southey MC, Dite GS, Jolley DJ, Giles GG, McCredie MR, Easton DF, Venter DJ. 
Population-based estimate of the average age-specific cumulative risk of breast cancer for a defined set of 
protein-truncating mutations in BRCA1 and BRCA2. Australian Breast Cancer Family Study. Cancer 
Epidemiol Biomarkers Prev 1999;8:741-7. 
 15. Ford D, Easton DF, Stratton M, Narod S, Goldgar D, Devilee P, Bishop DT, Weber B, Lenoir G, 
Chang-Claude J, Sobol H, Teare MD, et al. Genetic heterogeneity and penetrance analysis of the BRCA1 
and BRCA2 genes in breast cancer families. The Breast Cancer Linkage Consortium. Am J Hum Genet 
1998;62:676-89. 
 16. Antoniou A, Pharoah PD, Narod S, Risch HA, Eyfjord JE, Hopper JL, Loman N, Olsson H, 
Johannsson O, Borg A, Pasini B, Radice P, et al. Average risks of breast and ovarian cancer associated 
with BRCA1 or BRCA2 mutations detected in case Series unselected for family history: a combined 
analysis of 22 studies. Am J Hum Genet 2003;72:1117-30. 
 17. Chen S, Iversen ES, Friebel T, Finkelstein D, Weber BL, Eisen A, Peterson LE, Schildkraut JM, 
Isaacs C, Peshkin BN, Corio C, Leondaridis L, et al. Characterization of BRCA1 and BRCA2 mutations in a 
large United States sample. Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology 2006;24:863-71. 
 18. Narod SA. BRCA mutations in the management of breast cancer: the state of the art. Nat Rev 
Clin Oncol 2010;7:702-7. 
 19. Schorge JO, Modesitt SC, Coleman RL, Cohn DE, Kauff ND, Duska LR, Herzog TJ. SGO White 
Paper on ovarian cancer: etiology, screening and surveillance. Gynecol Oncol 2010;119:7-17. 

http://globocan.iarc.fr/factsheets/cancers/breast.asp


15 
 

 20. Jacoby VL, Grady D, Wactawski-Wende J, Manson JE, Allison MA, Kuppermann M, Sarto GE, 
Robbins J, Phillips L, Martin LW, O'Sullivan MJ, Jackson R, et al. Oophorectomy vs ovarian conservation 
with hysterectomy: cardiovascular disease, hip fracture, and cancer in the Women's Health Initiative 
Observational Study. Arch Intern Med 2011;171:760-8. 
 21. Parker WH. Bilateral oophorectomy versus ovarian conservation: effects on long-term women's 
health. J Minim Invasive Gynecol 2010;17:161-6. 
 22. Parker WH, Broder MS, Chang E, Feskanich D, Farquhar C, Liu Z, Shoupe D, Berek JS, 
Hankinson S, Manson JE. Ovarian conservation at the time of hysterectomy and long-term health 
outcomes in the nurses' health study. Obstet Gynecol 2009;113:1027-37. 
 23. Parker WH, Broder MS, Liu Z, Shoupe D, Farquhar C, Berek JS. Ovarian conservation at the 
time of hysterectomy for benign disease. Obstet Gynecol 2005;106:219-26. 
 24. Rivera CM, Grossardt BR, Rhodes DJ, Brown RD, Jr., Roger VL, Melton LJ, 3rd, Rocca WA. 
Increased cardiovascular mortality after early bilateral oophorectomy. Menopause 2009;16:15-23. 
 25. Rivera CM, Grossardt BR, Rhodes DJ, Rocca WA. Increased mortality for neurological and 
mental diseases following early bilateral oophorectomy. Neuroepidemiology 2009;33:32-40. 
 26. Rocca WA, Grossardt BR, de Andrade M, Malkasian GD, Melton LJ, 3rd. Survival patterns after 
oophorectomy in premenopausal women: a population-based cohort study. The lancet oncology 
2006;7:821-8. 
 27. Shuster LT, Gostout BS, Grossardt BR, Rocca WA. Prophylactic oophorectomy in 
premenopausal women and long-term health. Menopause Int 2008;14:111-6. 
 28. Whittemore AS, Harris R, Itnyre J. Characteristics relating to ovarian cancer risk: collaborative 
analysis of 12 US case-control studies. IV. The pathogenesis of epithelial ovarian cancer. Collaborative 
Ovarian Cancer Group. Am J Epidemiol 1992;136:1212-20. 
 29. Press DJ, Sullivan-Halley J, Ursin G, Deapen D, McDonald JA, Strom BL, Norman SA, Simon 
MS, Marchbanks PA, Folger SG, Liff JM, Burkman RT, et al. Breast cancer risk and ovariectomy, 
hysterectomy, and tubal sterilization in the women's contraceptive and reproductive experiences study. Am 
J Epidemiol 2011;173:38-47. 
 30. Lambert P, Royston P. Further development of flexible parametric models for survival analysis. 
The Stata Journal 2009;9:265-90. 
 31. Royston P, Lambert P. Flexible parametric survival analysis using Stata: beyond the Cox model. 
. Stata Press 2011. 
 32. Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects of 
Confounding in Observational Studies. Multivariate Behav Res 2011;46:399-424. 
 33. Brewster AM, Bedrosian I, Parker PA, Dong W, Peterson SK, Cantor SB, Crosby M, Shen Y. 
Association between contralateral prophylactic mastectomy and breast cancer outcomes by hormone 
receptor status. Cancer 2012. 
 34. Prowell TM, Davidson NE. What is the role of ovarian ablation in the management of primary 
and metastatic breast cancer today? Oncologist 2004;9:507-17. 
 35. Swain SM, Jeong JH, Geyer CE, Jr., Costantino JP, Pajon ER, Fehrenbacher L, Atkins JN, 
Polikoff J, Vogel VG, Erban JK, Rastogi P, Livingston RB, et al. Longer therapy, iatrogenic amenorrhea, 
and survival in early breast cancer. N Engl J Med 2010;362:2053-65. 
 36. Bines J, Oleske DM, Cobleigh MA. Ovarian function in premenopausal women treated with 
adjuvant chemotherapy for breast cancer. Journal of clinical oncology : official journal of the American 
Society of Clinical Oncology 1996;14:1718-29. 
 37. Reichman BS, Green KB. Breast cancer in young women: effect of chemotherapy on ovarian 
function, fertility, and birth defects. J Natl Cancer Inst Monogr 1994:125-9. 
 38. Zickl L, Francis P, Fleming G, Pagani O, Walley B, Price KN, Gelber RD, Regan MM, 
International Breast Cancer Study Group aNABCG. SOFT and TEXT: Trials of tamoxifen and exemestane 
with and without ovarian function suppression for premenopausal women with hormone receptor-positive 
early breast cancer Cancer Res 2012;72. 
 39. Parker WH, Feskanich D, Broder MS, Chang E, Shoupe D, Farquhar CM, Berek JS, Manson 
JE. Long-Term Mortality Associated With Oophorectomy Compared With Ovarian Conservation in the 
Nurses' Health Study Obstetrics & Gynecology 2013;121:709-16. 
 40. Parker WH, Shoupe D, Broder MS, Liu Z, Farquhar C, Berek JS. Elective oophorectomy in the 
gynecological patient: when is it desirable? Curr Opin Obstet Gynecol 2007;19:350-4. 
 


