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ABSTRACT

Ovarian aging is associated with significant changes in the structural organization
of collagen, resulting in ovarian fibrosis. In many other tissues, fibrosis increases
risks associated with tumorigenesis and metastasis. Thus, it is possible that ovarian
fibrosis increases the risk of ovarian cancer by creating a microenvironment more
permissive to tumor growth. In this research perspective, we review the impact of
female reproduction on the development of ovarian fibrosis and the contributions
of genetic and hormonal disruptions such as BRCA mutation, polycystic ovarian
syndrome, and infertility to structural changes in the ovary and their relative risk of
ovarian cancer. We also explore new fundamental questions in the field of ovarian
fibrosis and possible prevention strategies such as metformin.

INTRODUCTION

Increasing age in women has long been understood
to be associated with the gradual loss of fertility due to the
shrinking ovarian reserve. In a recent article published in
"Clinical Cancer Research", McCloskey et al. [1] provided
the first evidence that human ovaries undergo additional
structural changes with age, including a significant change
in the collagen architecture similar to fibrosis. Notably,
we also reported preliminary data on the possible role of
metformin in abrogating age-related ovarian fibrosis.

The general fertility rate in America has declined
dramatically over the past decade [2]. With the modern life
trend to delay motherhood, birth rates have increased for
women between 3544 years of age, raising the concept
of ovarian aging as a new challenge to reproduction.
Regrettably, a large portion of these women will have
difficulties to conceive and will be recognized as sub-
fertile or infertile. It is well known that fertility drastically
declines after the age of 35, mainly by reducing the egg
quality (reviewed in [3]). Mechanisms underlying ovarian
aging and declines in fertility are well studied [4-6];
however, the relationship between ovarian fibrosis and
fertility is not clear. In this current research perspective,
we discuss more in depth the possible consequences of
ovarian fibrosis on the risk for ovarian cancer with a
specific focus on contributing factors associated with
reproduction.

Fibrosis in the aging ovary

In McCloskey et al, we reported that
postmenopausal ovaries have higher coherence or collagen
linearization (characteristic of organ fibrosis) compared to
premenopausal ovaries that have an isotropic organization
of collagen (characteristic of normal tissue). Further,
age-associated ovarian fibrosis correlated with enhanced
M2-like macrophage polarization, an observation that
has recently been confirmed in mice and monkeys [7, 8].
Interestingly, postmenopausal women taking metformin
have ovaries similar to premenopausal women with
less apparent fibrosis, enhanced M1-like macrophage
polarization and fewer features of chronic inflammation.

In women, many anatomical and physiological
changes occur during each ovarian cycle, including
growth of follicles (folliculogenesis), hormone production,
ovulation and stromal tissue remodeling [9, 10]. Normal
folliculogenesis is accompanied by an increase in pro-
inflammatory cytokines which are associated with the
acquisition of oocyte developmental competence during
follicle growth, and allow the remodeling of the ovarian
stroma to weaken the ovarian wall for follicular rupture
and participate in wound repair after ovulation [11, 12].
Chronic inflammation is associated with development of
fibrosis in other tissues [13, 14], and most chronic fibrotic
disorders have a persistent irritant that will enhance
fibrogenic cytokines and the deposition of connective
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tissue altering the normal tissue organization [15]. In the
ovarian context, the repeated inflammation process of
ovulation and wound healing over a reproductive lifetime
could be that persistent irritant that leads to age-related
ovarian fibrosis associated with higher permanent collagen
deposition and increased risk to develop ovarian cancer.

Given the known contributions of general tissue
fibrosis to tumorigenesis and metastasis and the 'seed and
soil' hypothesis [16, 17], it is strongly anticipated that
ovarian fibrosis is a risk factor for ovarian cancer. Moreover,
fibrosis in cancer has been shown to increase tissue matrix
stiffness, which promotes tumor progression and confers
chemoresistance [16]. In a mouse model of ovarian cancer,
cancer stroma with higher fibrotic gene expression was
associated with a significantly lower survival rate [18].
As a matter of fact, not only ovarian stromal fibrosis is
capable of creating a permissive 'soil' for metastasis, but
fibrosis within ovarian tumors promotes cancer progression
[18], supporting the urgent need for an ovarian fibrosis
management strategy in aging women and ovarian cancer
patients. In McCloskey et al., we provided new data on
the possible effect of metformin on ovarian fibrosis and
suggest that reducing the risk of ovarian cancer may be
achieved by modulating ovarian fibrosis. A more detailed
study evaluating how metformin can prevent and/or reverse
ovarian fibrosis as a new potential non-invasive strategy to
modulate age-associated fibrosis is warranted.

Impact of ovarian fibrosis on fertility

Aside from surgical prophylactic oophorectomy-
salpingectomy, it is not yet possible to efficiently prevent
ovarian cancer; however, interrupting the ovarian cycle
such as by pregnancies, lactation and/or use of oral
contraceptives has been strongly associated with a reduced
ovarian cancer risk, so much so that these measures are
highly recommended to women at high risk [19, 20].
Pregnancies, breastfeeding and oral contraceptives
all have in common their ability to prevent the ovarian
cycle resulting in no antral follicle growth and no LH
surge, subsequently preventing ovulation [10, 21, 22]. In
McCloskey et al. [1], we found 2 of 11 postmenopausal
women who are not taking metformin showed no signs
of ovarian fibrosis. Unfortunately, the lack of information
on the reproductive status of these women only allows us
to speculate on the causes. Since parity, breastfeeding and
oral contraception prevent ovulation, it is possible that
postmenopausal women with no apparent fibrosis had had
multiple pregnancies and/or took oral contraceptives for
an extended period of time. Interestingly, recent studies
demonstrated a significant effect of pregnancies on age-
associated circulating cytokines, proposing that parity
would enhance the immuno-surveillance and protect the
ovary as a long-term 'imprint' against typical ovarian
aging. Unfortunately, those studies did not explore if
ovarian fibrosis was developed in multiparous mouse

ovaries [23, 24]. However, based on those studies, we
hypothesize that ovarian fibrosis is less apparent in women
who have had multiple pregnancies and/or were on oral
contraceptives, and that reduced fibrosis is central to the
observed ovarian cancer risk reduction in these women.
Future studies should evaluate the impact of reproductive
decisions on the development of ovarian fibrosis in the
longer term and their subsequent risk for ovarian cancer.
On the other hand, a large retrospective analysis
demonstrated that in-vitro fertilization, including ovulation
stimulation regimens, increased the incidence of ovarian
cancer [25], although this remains controversial [26].
The potential impact of repeated ovulations on ovarian
cancer risk opens a new window of association between
fertility and ovarian fibrosis. In McCloskey et al. [1], we
found 3 out of 11 premenopausal women with ovarian
fibrosis. While the lack of information about their fertility
history prevents us from drawing conclusions, it opens
the door to proposing new hypotheses on the causes of
premature ovarian fibrosis in premenopausal women.
A recent study showed that more than 30% of infertile
couples are diagnosed with unexplained infertility [27].
Moreover, several studies have reported that women with
fertility issues are at increased risk of ovarian cancer [19,
28-30]. By deduction, would it be possible that some
cases of infertility are directly caused by ovarian fibrosis
which simultaneously also increases their risk for ovarian
cancer? Would these women with unknown infertility
issues be more at risk of ovarian cancer than women with
known causes of infertility? Interestingly, there are several
known pathologies characterized by ovarian fibrosis such
as the ovarian chocolate cyst, polycystic ovarian syndrome
(PCOS), and premature ovarian failure, all of which are
more susceptible to infertility and early menopause
(reviewed in [31]). As a common cause of infertility in
women, PCOS is characterized by a persistent chronic
inflammation in the ovaries but also by ovarian cysts,
hyperandrogenism, inhibition of folliculogenesis and in
some cases, anovulation [32]. Surprisingly, studies have
shown conflicting data on the potential risk of PCOS
ovaries to develop into ovarian cancer [33]. One long-term
study showed no increase in mortality rates from ovarian
cancer in women with PCOS compared to the general
population [34]. On the contrary, a case-control study
demonstrated a 2.5-fold increase in ovarian cancer risk in
self-reported PCOS women [35]. More thorough studies
are needed to better address the classes of PCOS and their
respective risk for developing premature ovarian fibrosis
or ovarian cancer. Based on the different grades and
symptoms of PCOS, we hypothesize that ovarian fibrosis
is lower in PCOS women diagnosed with anovulation
(because of the lack of chronic ovulation), while PCOS
women with higher chronic inflammation might be more
susceptible to premature ovarian fibrosis and consequently
be at higher risk of ovarian cancer. It is notable that
women with PCOS are commonly treated with metformin
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to alleviate their metabolic symptoms; it remains to be
determined whether metformin in this context also reduces
ovarian fibrosis.

Can ovarian cancer risk be reduced by inhibiting
ovarian fibrosis?

While the risk of ovarian cancer in women with
fertility issues, including PCOS, is not well established,
women carrying a BRCA mutation are known to be at
higher risk. Further, women carrying a BRCA mutation
are at higher risk of developing ovarian cancer with a
median age of diagnosis of 9 years earlier than non-
carriers [36]. In addition to the consequences of BRCA
mutation on ovarian cancer risk, there are various reports
on its negative effect on female reproduction, most
consistently its association with early menopause [37].
Since the BRCA gene functions in maintaining genomic
stability and DNA damage repair [38], the impact of a
lifetime of chronic inflammation and wound healing
during the ovarian cycle in BRCA carriers may cause
cellular damage that results in premature ovarian fibrosis
leading to early menopause and increased risk of early
ovarian cancer. In fact, our preliminary data suggest that
BRCA ovaries are more fibrotic at an earlier stage in
life compared to non-carriers. More work is needed to
determine if BRCA-mutant ovaries have earlier onset of
fibrosis than non-carriers and if metformin could be an
appropriate strategy to reduce the ovarian cancer risk in
these women.

Many ovarian diseases, mutations and natural
processes, including PCOS, BRCA mutation, aging and
ovulation may result in ovarian fibrosis. Our evidence
that metformin may act as a preventive measure calls for
further investigation. By preventing the ovarian cycle
using oral contraceptives or pregnancies or delaying
it by breastfeeding, it is possible to protect the ovaries
on a long-term basis, which may directly lower ovarian
cancer risk. Metformin potentially offers a new strategy
to reduce ovarian cancer risk in high risk women who
want to keep their reproductive choices open. This
emerging field of study on ovarian fibrosis needs more
work and faces a number of challenges. Obtaining human
ovarian tissue to investigate the impact of reproduction,
contraceptives, infertility and BRCA1/2 mutations on
ovarian fibrosis at different time points is not really
feasible and alternative approaches such as functional
imaging need to be explored. The use of molecular
probes for imaging fibrosis in preclinical models of liver
and lung fibrosis is a new and promising non-invasive
assessment of organ fibrosis [39]. However, more work
is needed to adapt and optimize those methods to small
organs such as the ovaries. Without doubt, functional
imaging of ovarian fibrosis will revolutionize the field
and improve the diagnosis, prevention and treatment of
ovarian fibrosis.

ACKNOWLEDGMENTS

We thank Curtis McCloskey for his careful review
of this manuscript.

CONFLICTS OF INTEREST

Authors have no conflicts of interest to declare.

FUNDING

Our research on ovarian aging is funded by a grant
from the Canadian Institutes of Health Research (PJT-
173503).

REFERENCES

1. McCloskey CW, Cook DP, Kelly BS, Azzi F, Allen CH, Forsyth
A, Upham J, Rayner KJ, Gray DA, Boyd RW, Murugkar S,
Lo B, Trudel D, et al. Metformin Abrogates Age-Associated
Ovarian Fibrosis. Clin Cancer Res. 2020; 26:632-42. https:/
doi.org/10.1158/1078-0432.CCR-19-0603. [PubMed]

2. Martin JA, Hamilton BE, Osterman MJK, Driscoll AK. Births:
Final Data for 2018. Natl Vital Stat Rep. 2019; 68:1-47.
[PubMed]

3. Broekmans FJ, Soules MR, Fauser BC. Ovarian aging:
mechanisms and clinical consequences. Endocr Rev. 2009;
30:465-93. https://doi.org/10.1210/er.2009-0006. [PubMed]

4. Chiang JL, Shukla P, Pagidas K, Ahmed NS, Karri S,
Gunn DD, Hurd WW, Singh KK. Mitochondria in Ovarian
Aging and Reproductive Longevity. Ageing Res Rev. 2020;
63:101168. https://doi.org/10.1016/j.arr.2020.101168.
[PubMed]

5. Kane AE, Sinclair DA. Epigenetic changes during aging and
their reprogramming potential. Crit Rev Biochem Mol Biol.
2019; 54:61-83. https://doi.org/10.1080/10409238.2019.15
70075. [PubMed]

6. Mikwar M, MacFarlane AJ, Marchetti F. Mechanisms of
oocyte aneuploidy associated with advanced maternal age.
Mutat Res. 2020; 785:108320. https://doi.org/10.1016/].
mrrev.2020.108320. [PubMed]

7. Zhang Z, Schlamp F, Huang L, Clark H, Brayboy L.
Inflammaging is associated with shifted macrophage

ontogeny and polarization in the aging mouse ovary.
Reproduction. 2020; 159:325-37. https://doi.org/10.1530/
REP-19-0330. [PubMed]

8. Wang S, Zheng Y, Li J, Yu Y, Zhang W, Song M, Liu Z,
Min Z, Hu H, Jing Y, He X, Sun L, Ma L, et al. Single-Cell
Transcriptomic Atlas of Primate Ovarian Aging. Cell. 2020;
180:585-600.€19. https://doi.org/10.1016/j.cell.2020.01.009.
[PubMed]

9. Mihm M, Gangooly S, Muttukrishna S. The normal menstrual
cycle in women. Anim Reprod Sci. 2011; 124:229-36.
https://doi.org/10.1016/j.anireprosci.2010.08.030. [PubMed]

www.oncotarget.com

4368

Oncotarget


https://doi.org/10.1158/1078-0432.CCR-19-0603
https://doi.org/10.1158/1078-0432.CCR-19-0603
https://www.ncbi.nlm.nih.gov/pubmed/31597663
https://www.ncbi.nlm.nih.gov/pubmed/32501202
https://doi.org/10.1210/er.2009-0006
https://www.ncbi.nlm.nih.gov/pubmed/19589949
https://doi.org/10.1016/j.arr.2020.101168
https://www.ncbi.nlm.nih.gov/pubmed/32896666
https://doi.org/10.1080/10409238.2019.1570075
https://doi.org/10.1080/10409238.2019.1570075
https://www.ncbi.nlm.nih.gov/pubmed/30822165
https://doi.org/10.1016/j.mrrev.2020.108320
https://doi.org/10.1016/j.mrrev.2020.108320
https://www.ncbi.nlm.nih.gov/pubmed/32800274
https://doi.org/10.1530/REP-19-0330
https://doi.org/10.1530/REP-19-0330
https://www.ncbi.nlm.nih.gov/pubmed/31940276
https://doi.org/10.1016/j.cell.2020.01.009
https://www.ncbi.nlm.nih.gov/pubmed/32004457
https://doi.org/10.1016/j.anireprosci.2010.08.030
https://www.ncbi.nlm.nih.gov/pubmed/20869180

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Richards JS. The Ovarian Cycle. Vitam Horm. 2018; 107:1—
25. https://doi.org/10.1016/bs.vh.2018.01.009. [PubMed]

Landry DA, Sirard MA. Follicle capacitation: A meta-analysis
to investigate the transcriptome dynamics following FSH
decline in bovine granulosa cells. Biol Reprod. 2018; 99:877—
887. https://doi.org/10.1093/biolre/ioy090. [PubMed]

Boots CE, Jungheim ES. Inflammation and Human Ovarian
Follicular Dynamics. Semin Reprod Med. 2015; 33:270-5.
https://doi.org/10.1055/5-0035-1554928. [PubMed]

Wynn TA, Ramalingam TR. Mechanisms of fibrosis:
therapeutic translation for fibrotic disease. Nat Med. 2012;
18:1028—40. https://doi.org/10.1038/nm.2807. [PubMed]

Rybinski B, Franco-Barraza J, Cukierman E. The
wound healing, chronic fibrosis, and cancer progression
triad. Physiol Genomics. 2014; 46:223-44. https://doi.
org/10.1152/physiolgenomics.00158.2013. [PubMed]

Wynn TA. Cellular and molecular mechanisms of fibrosis.
J Pathol. 2008; 214:199. https://doi.org/10.1002/path.2277.
[PubMed]

Cox TR, Erler JT. Remodeling and homeostasis of the

extracellular matrix: implications for fibrotic diseases
and cancer. Dis Model Mech. 2011; 4:165—78. https://doi.
org/10.1242/dmm.004077. [PubMed]

Cox TR, Erler JT. Molecular Pathways: Connecting Fibrosis
and Solid Tumor Metastasis. Clin Cancer Res. 2014;
20:3637-43. https://doi.org/10.1158/1078-0432.CCR-13-
1059. [PubMed]

Yeung TL, Leung CS, Yip KP, Sheng J, Vien L, Bover
LC, Birrer MJ, Wong STC, Mok SC. Anticancer
immunotherapy by MFAP5 blockade inhibits fibrosis
and enhances chemosensitivity in ovarian and pancreatic

cancer. Clin Cancer Res. 2019; 25:6417-28. https://doi.
org/10.1158/1078-0432.CCR-19-0187. [PubMed]

Tworoger SS, Fairfield KM, Colditz GA, Rosner BA,
Hankinson SE. Association of oral contraceptive use, other

contraceptive methods, and infertility with ovarian cancer
risk. Am J Epidemiol. 2007; 166:894-901. https://doi.
org/10.1093/aje/kwm157. [PubMed]

La Vecchia C. Ovarian cancer: epidemiology and risk
factors. Eur J Cancer Prev. 2017; 26:55-62. https://doi.
0rg/10.1097/CEJ.0000000000000217. [PubMed]

McNeilly AS. Effects of lactation on fertility. Br Med Bull.
1979; 35:151-154. https://doi.org/10.1093/oxfordjournals.
bmb.a071562. [PubMed]

Cooper DB, Mahdy H. Oral Contraceptive Pills. StatPearls
Publishing; 2020. https://www.ncbi.nlm.nih.gov/books/
NBK430882/.

Urzta U, Chacon C, Norambuena M, Lizama L, Sarmiento S,
Asaki E, Powell JI, Ampuero S. The Ovarian Transcriptome
of Reproductively Aged Multiparous Mice: Candidate Genes
for Ovarian Cancer Protection. Biomolecules. 2020; 10:113.
https://doi.org/10.3390/biom10010113. [PubMed]

Urzua U, Chacon C, Lizama L, Sarmiento S, Villalobos
P, Kroxato B, Marcelain K, Gonzalez MJ. Parity History

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Determines a Systemic Inflammatory Response to Spread
of Ovarian Cancer in Naturally Aged Mice. Aging Dis.
2017; 8:546-57. https://doi.org/10.14336/AD.2017.0110.
[PubMed]

Farhud D, Zokaei S, Keykhaei M, Zarif Yeganeh M. Strong
Evidences of the Ovarian Carcinoma Risk in Women after
IVF Treatment: A Review Article. Iran J Public Health.
2019; 48:2124-32. [PubMed]

Rizzuto I, Behrens RF, Smith LA. Risk of ovarian cancer in

women treated with ovarian stimulating drugs for infertility.
Cochrane Database Syst Rev. 2019; 6:CD008215. https://
doi.org/10.1002/14651858.CD008215.pub3. [PubMed]

Sadeghi MR. Unexplained Infertility, the Controversial
Matter in Management of Infertile Couples. J Reprod
Infertil. 2015; 16:1-2. [PubMed]

Kroener L, Dumesic D, Al-Safi Z. Use of fertility
medications and cancer risk: A review and update. Curr
Opin Obstet Gynecol. 2017; 29:195-201. https://doi.
org/10.1097/GCO.0000000000000370. [PubMed]

Mosgaard BJ, Lidegaard O, Kjaer SK, Schou G, Andersen
AN. Infertility, fertility drugs, and invasive ovarian cancer:
a case-control study. Fertil Steril. 1997; 67:1005—12. https:/
doi.org/10.1016/s0015-0282(97)81431-8. [PubMed]
Mosgaard BJ, Lidegaard O, Kjaer SK, Schou G, Andersen
AN. Ovarian stimulation and borderline ovarian tumors: a
case-control study. Fertil Steril. 1998; 70:1049-55. https://
doi.org/10.1016/s0015-0282(98)00337-9. [PubMed]

Zhou F, Shi LB, Zhang SY. Ovarian Fibrosis: A
Phenomenon of Concern. Chin Med J (Engl). 2017;
130:365-71. https://doi.org/10.4103/0366-6999.198931.
[PubMed]

Xiong Y, Liang X, Yang X, LiY, Wei L. Low-grade chronic
inflammation in the peripheral blood and ovaries of women

with polycystic ovarian syndrome. Eur J Obstet Gynecol
Reprod Biol. 2011; 159:148-50. https://doi.org/10.1016/].
ejogrb.2011.07.012. [PubMed]

Dumesic DA, Lobo RA. Cancer risk and PCOS.
Steroids. 2013; 78:782-5. https://doi.org/10.1016/].
steroids.2013.04.004. [PubMed]

Pierpoint T, McKeigue PM, Isaacs AJ, Wild SH, Jacobs HS.
Mortality of women with polycystic ovary syndrome at long-
term follow-up. J Clin Epidemiol. 1998; 51:581-6. https:/
doi.org/10.1016/50895-4356(98)00035-3. [PubMed]
Schildkraut JM, Schwingl PJ, Bastos E, Evanoff A, Hughes
C. Epithelial ovarian cancer risk among women with

polycystic ovary syndrome. Obstet Gynecol. 1996; 88:554—
9. https://doi.org/10.1016/0029-7844(96)00226-8. [PubMed]
Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips KA,
Mooij TM, Roos-Blom MJ, Jervis S, van Leeuwen FE,
Milne RL, Andrieu N, Goldgar DE, Terry MB, Rookus MA,
et al, and BRCA1 and BRCA2 Cohort Consortium. Risks of
Breast, Ovarian, and Contralateral Breast Cancer for BRCA 1
and BRCA2 Mutation Carriers. JAMA. 2017; 317:2402-16.
https://doi.org/10.1001/jama.2017.7112. [PubMed]

www.oncotarget.com

4369

Oncotarget


https://doi.org/10.1016/bs.vh.2018.01.009
https://www.ncbi.nlm.nih.gov/pubmed/29544627
https://doi.org/10.1093/biolre/ioy090
https://www.ncbi.nlm.nih.gov/pubmed/29668885
https://doi.org/10.1055/s-0035-1554928
https://www.ncbi.nlm.nih.gov/pubmed/26132931
https://doi.org/10.1038/nm.2807
https://www.ncbi.nlm.nih.gov/pubmed/22772564
https://doi.org/10.1152/physiolgenomics.00158.2013
https://doi.org/10.1152/physiolgenomics.00158.2013
https://www.ncbi.nlm.nih.gov/pubmed/24520152
https://doi.org/10.1002/path.2277
https://www.ncbi.nlm.nih.gov/pubmed/18161745
https://doi.org/10.1242/dmm.004077
https://doi.org/10.1242/dmm.004077
https://www.ncbi.nlm.nih.gov/pubmed/21324931
https://doi.org/10.1158/1078-0432.CCR-13-1059
https://doi.org/10.1158/1078-0432.CCR-13-1059
https://www.ncbi.nlm.nih.gov/pubmed/25028505
https://doi.org/10.1158/1078-0432.CCR-19-0187
https://doi.org/10.1158/1078-0432.CCR-19-0187
https://www.ncbi.nlm.nih.gov/pubmed/31332047
https://doi.org/10.1093/aje/kwm157
https://doi.org/10.1093/aje/kwm157
https://www.ncbi.nlm.nih.gov/pubmed/17656616
https://doi.org/10.1097/CEJ.0000000000000217
https://doi.org/10.1097/CEJ.0000000000000217
https://www.ncbi.nlm.nih.gov/pubmed/26731563
https://doi.org/10.1093/oxfordjournals.bmb.a071562
https://doi.org/10.1093/oxfordjournals.bmb.a071562
https://www.ncbi.nlm.nih.gov/pubmed/387162
https://www.ncbi.nlm.nih.gov/books/NBK430882/
https://www.ncbi.nlm.nih.gov/books/NBK430882/
https://doi.org/10.3390/biom10010113
https://www.ncbi.nlm.nih.gov/pubmed/31936467
https://doi.org/10.14336/AD.2017.0110
https://www.ncbi.nlm.nih.gov/pubmed/28966800
https://www.ncbi.nlm.nih.gov/pubmed/31993380
https://doi.org/10.1002/14651858.CD008215.pub3
https://doi.org/10.1002/14651858.CD008215.pub3
https://www.ncbi.nlm.nih.gov/pubmed/31207666
https://www.ncbi.nlm.nih.gov/pubmed/25717428
https://doi.org/10.1097/GCO.0000000000000370
https://doi.org/10.1097/GCO.0000000000000370
https://www.ncbi.nlm.nih.gov/pubmed/28538003
https://doi.org/10.1016/s0015-0282(97)81431-8
https://doi.org/10.1016/s0015-0282(97)81431-8
https://www.ncbi.nlm.nih.gov/pubmed/9176436
https://doi.org/10.1016/s0015-0282(98)00337-9
https://doi.org/10.1016/s0015-0282(98)00337-9
https://www.ncbi.nlm.nih.gov/pubmed/9848294
https://doi.org/10.4103/0366-6999.198931
https://www.ncbi.nlm.nih.gov/pubmed/28139522
https://doi.org/10.1016/j.ejogrb.2011.07.012
https://doi.org/10.1016/j.ejogrb.2011.07.012
https://www.ncbi.nlm.nih.gov/pubmed/21908093
https://doi.org/10.1016/j.steroids.2013.04.004
https://doi.org/10.1016/j.steroids.2013.04.004
https://www.ncbi.nlm.nih.gov/pubmed/23624028
https://doi.org/10.1016/s0895-4356(98)00035-3
https://doi.org/10.1016/s0895-4356(98)00035-3
https://www.ncbi.nlm.nih.gov/pubmed/9674665
https://doi.org/10.1016/0029-7844(96)00226-8
https://www.ncbi.nlm.nih.gov/pubmed/8841217
https://doi.org/10.1001/jama.2017.7112
https://www.ncbi.nlm.nih.gov/pubmed/28632866

37. Lambertini M, Goldrat O, Toss A, Azim HA, Peccatori 39. Montesi SB, Désogére P, Fuchs BC, Caravan P. Molecular

FA, Ignatiadis M, Del Mastro L, Demeestere 1. Fertility imaging of fibrosis: recent advances and future directions.
and pregnancy issues in BRCA-mutated breast cancer J Clin Invest. 2019; 129:24-33. https://doi.org/10.1172/
patients. Cancer Treat Rev. 2017; 59:61-70. https://doi. JCI122132. [PubMed]

org/10.1016/j.ctrv.2017.07.001. [PubMed]

38. WuJ, Lu LY, Yu X. The role of BRCA1 in DNA damage
response. Protein Cell. 2010; 1:117-23. https://doi.
0rg/10.1007/s13238-010-0010-5. [PubMed]

www.oncotarget.com 4370 Oncotarget


https://doi.org/10.1016/j.ctrv.2017.07.001
https://doi.org/10.1016/j.ctrv.2017.07.001
https://www.ncbi.nlm.nih.gov/pubmed/28750297
https://doi.org/10.1007/s13238-010-0010-5
https://doi.org/10.1007/s13238-010-0010-5
https://www.ncbi.nlm.nih.gov/pubmed/21203981
https://doi.org/10.1172/JCI122132
https://doi.org/10.1172/JCI122132
https://www.ncbi.nlm.nih.gov/pubmed/30601139

