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Like many areas in oncology, gynecologic oncology has made several important recent advances in both the prevention and the treatment of reproductive malignancies. New knowledge related to risk factors for endometrial and ovarian cancer has led to novel strategies to reduce risks through diet, contraception choices, and other factors. Important advances have also occurred in the understanding of genetic risks for gynecologic cancers and genetic testing can now identify individuals at substantial risk. Patients at genetic risk can reduce their risk through the use of oral contraception and other choices if they have not completed their families or undergo definitive prophylactic surgery when they no longer desire future pregnancies. Cervical cancer is an area of particular advancement in prevention due to cytologic screening, human papillomavirus (HPV) testing, and HPV vaccination. Globally, cervical cancer can be dramatically reduced with currently available technology. An important area in the innovative treatment of gynecologic malignancy is the application of new findings concerning the molecular biology of these cancers and utilizing new biologic therapies. Both surgical and radiation therapy have made important progress in using new technologies such as minimally invasive surgery and radiologic imaging to guide radiation treatment to maintain high cure rates while minimizing morbidity. The desire to assure that the quality of the life of patients is importantly considered in all treatment decisions has been strengthened by the increased interest and valuation of quality-of-life research in gynecologic cancer. Gynecologic oncology is strongly committed to maintaining and improving cure rates while limiting the morbidity of therapy and considering all aspects of patients’ well-being including emotional and sexual health in treatment decisions.

This issue of the Hematology/Oncology Clinics of North America provides both a broad and an in-depth review of the many important advances that have occurred in gynecologic cancer in recent years. I would like to thank all of the contributors due to their scholarly and thoughtful contributions. While much progress has been made, much more progress needs to be achieved. The enclosed articles not only insightfully review current progress but also point to a better future where less women suffer from reproductive malignancy.





Hematology Oncology Clinics of North America, Vol. 26, No. 1, February 2012

ISSN: 0889-8588

doi: 10.1016/j.hoc.2011.10.009




The Epidemiology of Endometrial and Ovarian Cancer


Daniel W. Cramer, MD, ScD




Department of Obstetrics and Gynecology, Obstetrics and Gynecology Epidemiology Center, Brigham and Women’s Hospital, 221 Longwood Avenue RFB 365, Boston, MA 02115, USA

E-mail address: DCRAMER@PARTNERS.ORG




Abstract

Late menarche, giving birth, breastfeeding, oral contraceptive use, IUD use, and tubal ligation decrease risk for both endometrial and ovarian cancer, while more ovulatory cycles, obesity, use of talc in genital hygiene, and late menopause increase risk. Despite these similarities, different explanations are proposed: estrogen excess for endometrial and incessant ovulation for ovarian cancer. Common pathways could include reproductive tissue turnover with accumulation of PTEN or p53 mutations or an immunebased explanation involving mucin proteins. Seeking unified explanations for risk factors common to both cancers could lead to new perspectives on how to prevent these common and lethal gynecologic cancers.
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The epidemiology of ovarian cancer and endometrial cancer is closely entwined. Age-specific incidence curves and the international rates for both sites parallel each other, and histologic subtypes of cancer arising from the endometrium mirror types found in the ovary. Most of the personal factors that increase or decrease risk for one of these cancers act in the same direction for the other. For these reasons, this article considers the epidemiology of ovarian and endometrial cancer together, with the goal of providing a more unified perspective. The author does not address the epidemiology of cervical cancer in this article, though this is not for lack of importance. Worldwide cervical cancer is a greater source of morbidity and mortality than endometrial and ovarian cancer combined (Table 1). However, there are far fewer epidemiologic uncertainties related to cervical cancer, and the means of its prevention and early detection are in hand, if not yet fully implemented where they are most needed.


Table 1 Age-adjusted incidence ratesa for endometrial and ovarian cancers in different regions of the world
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Tumor heterogeneity as it may affect epidemiologic associations

Before discussing the epidemiology of endometrial and ovarian cancer, it must be pointed out that neither of these cancers is homogeneous from a histopathologic standpoint. Cancer registries often include endometrial cancer under the broader category “cancers of the uterine corpus,” which includes sarcomas that arise from the endometrial stroma or from the smooth muscle of the uterus. Adenocarcinomas comprise the vast majority of cancers of the uterine corpus, and most epidemiologic studies are restricted to these. In turn, endometrial adenocarcinomas may be further subdivided, with endometrioid (or Type I) cancers accounting for majority, about 85%, and the remainder designated Type II and including adenosquamous, serous papillary, clear cell, and undifferentiated types, similar to those found in the ovary.1,2

There is an even greater degree of heterogeneity for ovarian cancer. Ovarian malignancies may arise from germ cell, stromal, or epithelial compartments. Counting benign neoplasms, about 25% of all ovarian tumors are of germ cell origin. Most common is the mature teratoma (dermoid), which accounts for nearly one-third of all benign ovarian neoplasms, but only 2% to 3% of germ cell tumors are malignant.3 Ovarian stromal tumors account for 6% of all benign and malignant ovarian tumors with the most common being the granulosa cell tumor, which accounts for approximately 10% of malignant ovarian cancers. The most common types of malignant ovarian cancers are epithelial and parallel the same types arising in the endometrium. Four major histologic subtypes of epithelial ovarian cancer have been described, each resembling different types of epithelia found in the female reproductive tract.4 Features associated with fallopian tube, endocervical epithelium, or endometrial epithelium are observed in serous, mucinous, and endometrioid forms of ovarian cancer, respectively. Clear cell tumors are the fourth major histologic subtype and are identified by clear, peglike cells that resemble the lining of the endometrial glands during pregnancy. The majority of malignant ovarian tumors fall into the invasive serous category followed by endometrioid, clear cell, and mucinous types.

A distinction made for ovarian cancer that does not have an exact parallel in endometrial cancer is the designation of borderline or low malignant potential (LMP) ovarian tumor types that may spread beyond the ovary, yet generally have an indolent course and account for about 17% to 18% of ovarian cancers. The Surveillance, Epidemiology, and End Result (SEER) agency at the National Cancer Institute decided to no longer count LMP ovarian tumors as cancers after January 1, 2004. As a consequence, about a 20% “decrease” in the incidence of ovarian cancer and a 5% decrease in mortality occurred between 2004 and 2006.

In conclusion, then, epidemiologic patterns observed for endometrial cancer are most likely to pertain to the Type I cancers whereas those for ovarian cancer tend toward invasive serous. However, because of the greater heterogeneity of ovarian cancer, the mix of cases from study to study may influence epidemiologic associations reported for ovarian cancer, especially if LMP tumors are included.




Age and geographic distribution

In the United States endometrial cancer is the most common gynecologic cancer, accounting for 40,100 new cases and 7470 deaths.5 Ovarian cancer accounts for fewer cases (21,650) but more deaths (15,520).5 Ovarian cancer is the leading cause of death from a gynecologic cancer and the fifth leading cause of cancer deaths overall in the United States. Endometrial and ovarian cancer share similar patterns of distribution by age and geography. The incidence of both cancers increases sharply during the perimenopausal years and reaches a peak well after the menopause (Fig. 1). Endometrial cancer rates drop after age 70 years, but ovarian cancer rates continue to increase into a woman’s eighties. It should be appreciated that the age-specific rates for ovarian cancer calculated by SEER are based on the entire United States population of females, including those who have had hysterectomy or hysterectomy and oophorectomy.6 Except when the surgery was done for endometrial or ovarian cancer, women who have had such operations are virtually at no future risk for these cancers. For this reason it is estimated that rates overall are about 33% higher for endometrial cancer and about 15% higher for ovarian cancer, although the exact percentages differ somewhat by age.7 The corresponding dashed lines in Fig. 1 illustrate the predicted higher incidence rates for women who still have their uterus or ovaries. Using these corrected incidence rates, the lifetime risk for endometrial cancer is about 5.7% if women with hysterectomy for benign conditions are excluded and about 2.5% for ovarian cancer if women with hysterectomy and oophorectomy are excluded.


[image: image]
Fig. 1 Age-specific incidence rates of endometrial and ovarian cancers. Age-specific cancer incidence rates are per 100,000 and are age-adjusted. Rates include all races and pertain to invasive cancers only.

(Data from Ries L, Melbert D, Krapcho M, et al. SEER cancer statistics review, 1975–2005. 2008. Available at: http://seer.cancer.gov/csr/1975_2005.)



Worldwide, higher rates of endometrial and ovarian cancer are observed in industrialized and northern European populations, and lower rates in Third World countries (Table 1).8 There is a positive correlation between the occurrence of endometrial cancer and ovarian cancer that is significant (Pearson correlation = 0.76, P<.001). For comparison, the rates of cervical cancer are also shown, and are inversely correlated with both endometrial cancer (Pearson correlation = −0.64, P<.001) and ovarian cancer (Pearson correlation = −0.57, P = .003).




Risk factors

This section considers personal risk factors for endometrial and ovarian cancers organized under the following headings: menstrual and reproductive events, medical history, and habits and environment (Table 2). Genetic risk for these cancers is treated in a separate article by Karen Lu elsewhere in this issue.


Table 2 Risk factors for endometrial, breast, and ovarian cancersa
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Menstrual and Reproductive Events

Personal risk factors for endometrial and ovarian cancer often operate in the same direction, and many of these relate to menstrual and reproductive events. Factors that decrease risk for both endometrial and ovarian cancer include a late age at menarche,9,10 early age at first birth9-12 as well as last pregnancy at a later age,12-14 a greater number of children,9-14 and longer period of breastfeeding children.15-19 With the exception of estrogen-dominant sequential oral contraceptives, which have been linked to endometrial cancer, in case reports20 longer use of combination oral contraceptives reduces the risk for both endometrial and ovarian cancer.21-24 Short or irregular cycles9,10 and a late age at menopause are associated with increased risk for both endometrial cancer and ovarian cancers.13,25 These events can be fit into a composite variable that estimates years of ovulation or, when average cycle length is included, number of ovulatory cycles. An increasing number of ovulatory cycles clearly correlates with increased risk for ovarian cancer.26,27 Though less well studied, ovulatory cycles also appear to correlate directly with endometrial cancer risk.28

Despite the appeal of an ovulatory cycles model for consolidating many of the reproductive factors, it is also true that other contraceptive methods not associated with cessation of ovulation may also affect endometrial and ovarian cancer. Intrauterine device (IUD) use, even hormonally inert types, decreases the risk for endometrial cancer,29,30 and studies suggest that IUD use (at least short term) may also decrease the risk for ovarian cancer.31,32 Similarly, tubal ligation is a strong protective risk factor for ovarian cancer that may also decrease the risk for endometrial cancer.33-36 Another risk factor for endometrial and ovarian cancer is menopausal hormone use, with higher risk largely confined to users of estrogen-only forms unopposed by a progestin.37-42




Medical History

High body mass index (BMI) is a well-established risk factor for Type I endometrial cancer and has been linked to elevated levels of estrogen, particularly in postmenopausal women for whom adipose tissue is the main site of estrogen production from androgen precursors.43-45 High BMI also appears to be associated with increased ovarian cancer risk, possibly through similar hormonal mechanisms, although the risk is not as strong as that for endometrial cancer.46-48 Polycystic ovarian syndrome, a condition characterized by ovarian hyperandrogenism, chronic anovulation, and progesterone deficiency, has also been associated with increased risk for both ovarian and endometrial cancer.49-51 A history of bone fracture may decrease the risk for endometrial and possibly ovarian cancer32,52,53 and may reflect long-term hypoestrogenic status. For reasons not entirely clear, systemic lupus erythematosus may decrease the risk for endometrial and ovarian cancer.54




Habits and Environmental Factors

Current smoking is associated with a reduced risk for endometrial cancer, particularly in postmenopausal women, possibly due to the antiestrogenic effects of smoking such as reduced body weight, lower age at menopause, and differences in estrogen metabolism.55 Current smoking has also been associated with a decreased risk for clear cell ovarian tumors; however, no association was observed with serous and endometrioid tumors, and smoking doubled the risk of mucinous ovarian cancers.56 Talc use is another factor found to consistently increase the risk for ovarian cancer57 and has been recently reported to increase the risk for endometrial cancer as well,58 raising intriguing questions related to the pathogenic mechanism underlying these associations. Increased exercise and physical activity decreases the risk for endometrial59-61 and possibly ovarian cancer.62

In summary, this brief review of epidemiologic risk factors for endometrial and ovarian cancers reveals a surprising number of similarities, which suggests that there are also shared mechanisms in their pathogenesis.






Mechanisms

An ultimate goal of epidemiology is to clarify the biological basis for observations made about a disease, leading to a better understanding of its pathogenesis and strategies for its control. For endometrial cancer, it has been accepted for many years that its epidemiology is largely explained by conditions that lead to an excess of estrogen relative to progesterone. A natural experiment that tested this explanation was the increase in endometrial cancer incidence that followed the increased use of unopposed estrogen to treat menopausal symptoms during the 1970s.63 The strong link between obesity and endometrial cancer is likely explained by the fact that fat possesses aromatase capable of converting androstenedione into estrone, a biologically active estrogen.43 That endometrial cancer increases dramatically during the perimenopause when anovulatory cycles become more common provides further physiologic support. The protective effect of smoking on endometrial cancer risk may relate to the possible antiestrogenic effects of smoking. However, it is more difficult to explain how estrogen excess fits with the association between endometrial cancer and ovulatory cycles, and even less clear how IUD use, tubal ligation, or talc use fits with estrogen excess.

The most popular explanation for ovarian cancer risk factors is the “incessant ovulation” theory,64 and this may be relevant to the connection between ovulatory cycles and endometrial cancer. For ovarian cancer, it has been proposed that the monthly disruption and repair of the surface epithelium of the ovary may lead to genetic damage due to the accumulation of mutations of the tumor suppressor, p53, in the ovarian and, possibly, fallopian tube epithelium65,66; however, this mechanism would not explain the association with endometrial cancer. One possibility is that incessant ovulation largely equates with incessant menstruation, involving repeated disruption and regrowth of the uterine lining. A greater number of cycles of endometrial regeneration may increase the likelihood of random genetic mutations because DNA replication errors occur during cell division, and thus are more likely to occur in tissues undergoing many cell divisions. Estimates of the rate of sporadic mutagenesis in human cells, on the order of 10−7 mutations per gene per cell division,67 suggest that the number of cells with “first hits” on a multistep carcinogenesis pathway68 may number in the hundreds for every gram (109 cells/g) of proliferative tissue. It is no surprise, then, to find that sporadic mutations of another tumor suppressor gene, PTEN, are observed in almost half (43%) of histologically normal endometria of naturally cycling premenopausal women.69 Thus, accumulation of mutations in p53 or PTEN associated with reproductive tissue turnover could be the common explanation that links ovulatory cycles with risk for both endometrial and ovarian cancer.

Another popular theory offered to explain ovarian cancer risk factors is inflammation associated with ovulation, talc use, or endometriosis.70 This theory could explain why tubal ligation would be protective by blocking talc or menstrual debris from reaching the ovaries. However, this theory would not explain why tubal ligation may also protect against endometrial cancer or why IUD use protects against endometrial and possibly ovarian cancer as well. No existing theory readily explains an inverse association between mumps (parotitis) and ovarian cancer reported in early studies.71,72

Recently, the author’s group proposed a new paradigm32 for ovarian cancer that may also explain aspects of endometrial cancer risk. Risk factors for ovarian cancer may be determined by factors affecting the immune system: acute events in younger life that primed the immune system to recognize and eliminate ovarian cancer precursors, and/or chronic events that led to persistent antigen challenge and immune tolerance of an emerging cancer.32 The acute events include mumps, mastitis, tubal ligation, and others that affect tissues which express surface glycoproteins known as mucins (MUC), especially MUC1, including salivary glands, breast ducts, fallopian tubes, and others. Normally MUC1 is expressed at low levels in a highly glycosylated form, whereas in cancer, MUC1 is expressed at high levels in a less glycosylated form whereby backbone peptides are exposed to the immune system and evoke anti-MUC1 antibodies described in a variety of cancers73 as well as certain inflammatory conditions such as ulcerative colitis.74 The “inflammatory” form of MUC1 is similar to the tumorlike form of MUC1, and hence might prime the immune system to recognize nascent cancer cells or precursor lesions that express this form of MUC1.73 The number and diversity of these acute events, their age at occurrence, and whether their benefits are negated by chronic inflammatory events determine whether effective, long-term immune surveillance is created. The chronic events, such as incessant ovulation, talc use, and endometriosis, also affect tissues that express MUC1 and may also lead to expression of an inflammatory form of mucins. However, because the events are chronic, the author hypothesizes that they lead to immune tolerance of an emerging cancer.

Supporting this theory are findings that events such as tubal ligation and mastitis, which raised anti-MUC1 antibody levels in controls from the New England Case Control study, are associated with lower risk for ovarian cancer; and, conversely, factors that decreased anti-MUC1 antibody levels (eg, talc use and estimated ovulatory cycles) increased the risk for ovarian cancer.32,75 Prospective data from the Nurses Health Studies (NHS) confirmed the importance of tubal ligation raising antibodies and ovulatory cycles lowering them.76 Of importance, the NHS study found that the presence of anti-MUC1 antibodies in blood drawn at least 3 years before a clinical diagnosis of ovarian cancer predicted lower risk for ovarian cancer in women younger than 64 years at blood draw. In women older than 64 at blood draw, a protective association was not apparent for two reasons. First, anti-MUC1 antibody levels in controls declined after age 64, likely due to aging of the immune system (immunosenescence), a well-described phenomenon in vaccine literature.77 Second, it would appear that women with the lowest anti-MUC1 antibody levels may develop ovarian cancer soonest, leaving older women destined to develop ovarian cancer with relatively higher (but ineffective) levels of antibodies. As a final piece of evidence, the author and colleagues78 found that individuals going through a mumps infection have significantly higher anti-MUC1 antibody levels than blood-bank or community controls, providing evidence that mumps may have exerted its protective effect through MUC1 immunity.

In summary, reproductive tissue turnover and mucin-related immunity both offer more comprehensive explanations for endometrial and ovarian cancer risk factors than the separate models currently proposed. As Cramer and Finn79 recently argued in an article addressing immune surveillance in cancer, an appeal of an immune-based model is that it is capable of explaining risk factors for many types of cancer based on possible deleterious effects of aging, obesity, smoking, lack of childhood illness, and even talc use on the immune system.




Strategies for prevention

Epidemiologists are primarily concerned with ways to prevent disease from occurring in the first place or detecting the disease at an earlier stage so that it can be more successfully treated. Because many of the risk factors for endometrial and ovarian cancer are similar, suggestions for preventing endometrial cancer may pertain to ovarian cancer as well. Maintenance of a healthy weight and a lifetime commitment to exercise would be beneficial in the prevention of both ovarian and endometrial cancer. Breastfeeding after pregnancy and use of birth-control pills are two equally important recommendations to reduce risk. Avoiding talc in pelvic hygiene is good advice to women to lower ovarian cancer risk, which may also help lower endometrial cancer risk. Many women come to hysterectomy for benign conditions and are obviously no longer at risk for endometrial cancer. Careful selection of women for incidental oophorectomy would prevent them from developing ovarian cancer as well. The author’s group have recently described a risk-scoring scheme to help physicians and patients decide who might be advised to have an oophorectomy.80

There are currently no recommendations regarding general population screening for either endometrial or ovarian cancer, although screening may be warranted in groups at high risk for ovarian or endometrial cancer. Should more sensitive and specific screening tests become available, the sharply rising incidence of these cancers in the 50- to 65-year age range suggests this would be a good age group to target screening efforts.




Summary

This review highlights similarities in the epidemiology of endometrial and ovarian cancer, including highly correlated incidence rates and similar risk factor profiles. Factors that decrease risk for both cancers include a late menarche, early age at first birth, giving birth and breastfeeding, and use of oral contraceptives. Short or irregular cycles and late menopause are associated with increased risk for both. Other risk factors that appear to operate in a similar direction include decreased risk associated with IUD use or a tubal ligation, and increased risk associated with obesity, lack of exercise, and use of talc powders in genital hygiene. Estrogen excess is proposed as the underlying mechanism for most endometrial cancers, whereas incessant ovulation has been suggested as the explanation for ovarian cancer. However, an increased number of estimated ovulatory cycles correlates directly with risk for both endometrial and ovarian cancer, suggesting that reproductive tissue turnover with an accumulation of PTEN or p53 mutations represents a possible common mechanism. An immune-based explanation involving mucin proteins represents another common mechanism that could explain additional risk factors. Maintenance of ideal weight, breastfeeding children, use of oral contraceptives, and avoidance of talc powders in genital hygiene are measures that could lower the risk for both types of cancer. Careful selection of patients for prophylactic oophorectomy for those women who are coming to hysterectomy for benign disease is an additional measure to consider for ovarian cancer.




References


   1. J.V. Bokhman. Two pathogenetic types of endometrial carcinoma. Gynecol Oncol. 1983;15(1):10-17.

   2. L. Deligdisch, C.F. Holinka. Endometrial carcinoma: two diseases? Cancer Detect Prev. 1987;10(3–4):237-246.

   3. R. Scully. Tumors of the ovary and maldeveloped gonads. Vol Second Series. Washington, DC: Armed Forces Institute of Pathology; 1979.

   4. P. Russell. Surface epithelial-stromal tumors of the ovary. In: R.J. Kurman, editor. Blaustein’s pathology of the female genital tract. 4th edition. New York: Springer-Verlag; 1994:705-782.

   5. American Cancer Society. Cancer Facts & Figures, 2008, Atlanta: American Cancer Society; 2008.

   6. Ries L, Melbert D, Krapcho M, et al. SEER Cancer statistics review, 1975-2005. 2008. Available at: http://seer.cancer.gov/csr/1975_2005. Accessed May 10, 2011.

   7. R.M. Merrill. Impact of hysterectomy and bilateral oophorectomy on race-specific rates of corpus, cervical, and ovarian cancers in the United States. Ann Epidemiol. 2006;16(12):880-887.

   8. J. Ferley, H.R. Shin, F. Bray, et al. GLOBOCAN 2008 v1.2, cancer incidence and mortality worldwide: IARC cancer base no. 10. Lyon (France): International Agency for Research on Cancer; 2010. Available at: http://globocan.iarc.fr Accessed October 5, 2011

   9. L.A. Brinton, M.L. Berman, R. Mortel, et al. Reproductive, menstrual, and medical risk factors for endometrial cancer: results from a case-control study. Am J Obstet Gynecol. 1992;167(5):1317-1325.

  10. L. Titus-Ernstoff, K. Perez, D.W. Cramer, et al. Menstrual and reproductive factors in relation to ovarian cancer risk. Br J Cancer. 2001;84(5):714-721.

  11. B.E. Henderson, J.T. Casagrande, M.C. Pike, et al. The epidemiology of endometrial cancer in young women. Br J Cancer. 1983;47(6):749-756. 2011352

  12. A.S. Whittemore, R. Harris, J. Itnyre. Characteristics relating to ovarian cancer risk: collaborative analysis of 12 US case-control studies. II. Invasive epithelial ovarian cancers in white women. Collaborative Ovarian Cancer Group. Am J Epidemiol. 1992;136(10):1184-1203.

  13. L. Dossus, N. Allen, R. Kaaks, et al. Reproductive risk factors and endometrial cancer: the European Prospective Investigation into Cancer and Nutrition. Int J Cancer. 2010;127(2):442-451.

  14. M. Lambe, J. Wuu, E. Weiderpass, et al. Childbearing at older age and endometrial cancer risk (Sweden). Cancer Causes Control. 1999;10(1):43-49.

  15. P.A. Newcomb, A. Trentham-Dietz. Breast feeding practices in relation to endometrial cancer risk, USA. Cancer Causes Control. 2000;11(7):663-667.

  16. C. Okamura, Y. Tsubono, K. Ito, et al. Lactation and risk of endometrial cancer in Japan: a case-control study. Tohoku J Exp Med. 2006;208(2):109-115.

  17. K.A. Rosenblatt, D.B. Thomas. Prolonged lactation and endometrial cancer. WHO Collaborative Study of Neoplasia and Steroid Contraceptives. Int J Epidemiol. 1995;24(3):499-503.

  18. E. Salazar-Martinez, E.C. Lazcano-Ponce, G. Gonzalez Lira-Lira, et al. Reproductive factors of ovarian and endometrial cancer risk in a high fertility population in Mexico. Cancer Res. 1999;59(15):3658-3662.

  19. V. Siskind, A. Green, C. Bain, et al. Breastfeeding, menopause, and epithelial ovarian cancer. Epidemiology. 1997;8(2):188-191.

  20. S.G. Silverberg, E.L. Makowski. Endometrial carcinoma in young women taking oral contraceptive agents. Obstet Gynecol. 1975;46(5):503-506.

  21. C. La Vecchia. Oral contraceptives and ovarian cancer: an update, 1998-2004. Eur J Cancer Prev. 2006;15(2):117-124.

  22. G.L. Maxwell, J.M. Schildkraut, B. Calingaert, et al. Progestin and estrogen potency of combination oral contraceptives and endometrial cancer risk. Gynecol Oncol. 2006;103(2):535-540.

  23. J.J. Schlesselman. Risk of endometrial cancer in relation to use of combined oral contraceptives. A practitioner’s guide to meta-analysis. Hum Reprod. 1997;12(9):1851-1863.

  24. E. Weiderpass, H.O. Adami, J.A. Baron, et al. Use of oral contraceptives and endometrial cancer risk (Sweden). Cancer Causes Control. 1999;10(4):277-284.

  25. F. Chiaffarino, C. Pelucchi, F. Parazzini, et al. Reproductive and hormonal factors and ovarian cancer. Ann Oncol. 2001;12(3):337-341.

  26. J.T. Casagrande, E.W. Louie, M.C. Pike, et al. “Incessant ovulation” and ovarian cancer. Lancet. 1979;2(8135):170-173.

  27. D.M. Purdie, C.J. Bain, V. Siskind, et al. Ovulation and risk of epithelial ovarian cancer. Int J Cancer. 2003;104(2):228-232.

  28. C.P. McPherson, T.A. Sellers, J.D. Potter, et al. Reproductive factors and risk of endometrial cancer. The Iowa Women’s Health Study. Am J Epidemiol. 1996;143(12):1195-1202.

  29. R.M. Beining, L.K. Dennis, E.M. Smith, et al. Meta-analysis of intrauterine device use and risk of endometrial cancer. Ann Epidemiol. 2008;18(6):492-499.

  30. D. Hubacher, D.A. Grimes. Noncontraceptive health benefits of intrauterine devices: a systematic review. Obstet Gynecol Surv. 2002;57(2):120-128.

  31. R.B. Ness, R.C. Dodge, R.P. Edwards, et al. Contraception methods, beyond oral contraceptives and tubal ligation, and risk of ovarian cancer. Ann Epidemiol. 2011;21(3):188-196.

  32. D.W. Cramer, L. Titus-Ernstoff, J.R. McKolanis, et al. Conditions associated with antibodies against the tumor-associated antigen MUC1 and their relationship to risk for ovarian cancer. Cancer Epidemiol Biomarkers Prev. 2005;14(5):1125-1131.

  33. X. Castellsague, W.D. Thompson, R. Dubrow. Tubal sterilization and the risk of endometrial cancer. Int J Cancer. 1996;65(5):607-612.

  34. A. Green, D. Purdie, C. Bain, et al. Tubal sterilisation, hysterectomy and decreased risk of ovarian cancer. Int J Cancer. 1997;71:948-951.

  35. J.V. LaceyJr., L.A. Brinton, R. Mortel, et al. Tubal sterilization and risk of cancer of the endometrium. Gynecol Oncol. 2000;79(3):482-484.

  36. K. Rosenblatt, D. Thomas. Association between tubal ligation and endometrial cancer. Int J Cancer. 1997;71(1):129-130.

  37. V. Beral, D. Bull, G. Reeves. Endometrial cancer and hormone-replacement therapy in the Million Women Study. Lancet. 2005;365(9470):1543-1551.

  38. P.P. Garg, K. Kerlikowske, L. Subak, et al. Hormone replacement therapy and the risk of epithelial ovarian carcinoma: a meta-analysis. Obstet Gynecol. 1998;92(3):472-479.

  39. D. Grady, T. Gebretsadik, K. Kerlikowske, et al. Hormone replacement therapy and endometrial cancer risk: a meta-analysis. Obstet Gynecol. 1995;85(2):304-313.

  40. C.L. Pearce, K. Chung, M.C. Pike, et al. Increased ovarian cancer risk associated with menopausal estrogen therapy is reduced by adding a progestin. Cancer. 2009;115(3):531-539.

  41. C. Rodriguez, A.V. Patel, E.E. Calle, et al. Estrogen replacement therapy and ovarian cancer mortality in a large prospective study of US women. JAMA. 2001;285(11):1460-1465.

  42. J.E. Rossouw, G.L. Anderson, R.L. Prentice, et al. Risks and benefits of estrogen plus progestin in healthy postmenopausal women: principal results From the Women’s Health Initiative randomized controlled trial. JAMA. 2002;288(3):321-333.

  43. E.E. Calle, R. Kaaks. Overweight, obesity and cancer: epidemiological evidence and proposed mechanisms. Nat Rev Cancer. 2004;4(8):579-591.

  44. C.A. Swanson, N. Potischman, G.D. Wilbanks, et al. Relation of endometrial cancer risk to past and contemporary body size and body fat distribution. Cancer Epidemiol Biomarkers Prev. 1993;2(4):321-327.

  45. E. Weiderpass, I. Persson, H.O. Adami, et al. Body size in different periods of life, diabetes mellitus, hypertension, and risk of postmenopausal endometrial cancer (Sweden). Cancer Causes Control. 2000;11(2):185-192.

  46. M.F. Leitzmann, C. Koebnick, K.N. Danforth, et al. Body mass index and risk of ovarian cancer. Cancer. 2009;115(4):812-822.

  47. L.J. Schouten, C. Rivera, D.J. Hunter, et al. Height, body mass index, and ovarian cancer: a pooled analysis of 12 cohort studies. Cancer Epidemiol Biomarkers Prev. 2008;17(4):902-912.

  48. H. Kuper, D.W. Cramer, L. Titus-Ernstoff. Risk of ovarian cancer in the United States in relation to anthropometric measures: does the association depend on menopausal status? Cancer Causes Control. 2002;13(5):455-463.

  49. L.G. Escobedo, N.C. Lee, H.B. Peterson, et al. Infertility-associated endometrial cancer risk may be limited to specific subgroups of infertile women. Obstet Gynecol. 1991;77(1):124-128.

  50. J.M. Schildkraut, P.J. Schwingl, E. Bastos, et al. Epithelial ovarian cancer risk among women with polycystic ovary syndrome. Obstet Gynecol. 1996;88(4 Pt 1):554-559.

  51. S. Wild, T. Pierpoint, H. Jacobs, et al. Long-term consequences of polycystic ovary syndrome: results of a 31 year follow-up study. Hum Fertil (Camb). 2000;3(2):101-105.

  52. I. Persson, H.O. Adami, J.K. McLaughlin, et al. Reduced risk of breast and endometrial cancer among women with hip fractures (Sweden). Cancer Causes Control. 1994;5(6):523-528.

  53. P.A. Newcomb, A. Trentham-Dietz, K.M. Egan, et al. Fracture history and risk of breast and endometrial cancer. Am J Epidemiol. 2001;153(11):1071-1078.

  54. S. Bernatsky, R. Ramsey-Goldman, W.D. Foulkes, et al. Breast, ovarian, and endometrial malignancies in systemic lupus erythematosus: a meta-analysis. Br J Cancer. 2011;104(9):1478-1481.

  55. P.D. Terry, T.E. Rohan, S. Franceschi, et al. Cigarette smoking and the risk of endometrial cancer. Lancet Oncol. 2002;3(8):470-480.

  56. S.J. Jordan, D.C. Whiteman, D.M. Purdie, et al. Does smoking increase risk of ovarian cancer? A systematic review. Gynecol Oncol. 2006;103(3):1122-1129.

  57. D.W. Cramer, R.F. Liberman, L. Titus-Ernstoff, et al. Genital talc exposure and risk of ovarian cancer. Int J Cancer. 1999;81(3):351-356.

  58. S. Karageorgi, M.A. Gates, S.E. Hankinson, et al. Perineal use of talcum powder and endometrial cancer risk. Cancer Epidemiol Biomarkers Prev. 2010;19(5):1269-1275.

  59. E.M. John, J. Koo, P.L. Horn-Ross. Lifetime physical activity and risk of endometrial cancer. Cancer Epidemiol Biomarkers Prev. 2010;19(5):1276-1283.

  60. C.M. Friedenreich, L.S. Cook, A.M. Magliocco, et al. Case-control study of lifetime total physical activity and endometrial cancer risk. Cancer Causes Control. 2010;21(7):1105-1116.

  61. H. Arem, M.L. Irwin, Y. Zhou, et al. Physical activity and endometrial cancer in a population-based case-control study. Cancer Causes Control. 2011;22(2):219-226.

  62. C.M. Olsen, C.J. Bain, S.J. Jordan, et al. Recreational physical activity and epithelial ovarian cancer: a case-control study, systematic review, and meta-analysis. Cancer Epidemiol Biomarkers Prev. 2007;16(11):2321-2330.

  63. N.S. Weiss, D.R. Szekely, D.F. Austin. Increasing incidence of endometrial cancer in the United States. N Engl J Med. 1976;294(23):1259-1262.

  64. M.F. Fathalla. Incessant ovulation—a factor in ovarian neoplasia? Lancet. 1971;2(7716):163.

  65. J.M. Schildkraut, E. Bastos, A. Berchuck. Relationship between lifetime ovulatory cycles and overexpression of mutant p53 in epithelial ovarian cancer. J Natl Cancer Inst. 1997;89(13):932-938.

  66. A. Saleemuddin, A.K. Folkins, L. Garrett, et al. Risk factors for a serous cancer precursor (“p53 signature”) in women with inherited BRCA mutations. Gynecol Oncol. 2008;111(2):226-232.

  67. J. Cairns. Mutation and cancer: the antecedents to our studies of adaptive mutation. Genetics. 1998;148(4):1433-1440.

  68. S.H. Moolgavkar, A.G. KnudsonJr. Mutation and cancer: a model for human carcinogenesis. J Natl Cancer Inst. 1981;66(6):1037-1052.

  69. G.L. Mutter, T.A. Ince, J.P. Baak, et al. Molecular identification of latent precancers in histologically normal endometrium. Cancer Res. 2001;61(11):4311-4314.

  70. R.B. Ness, C. Cottreau. Possible role of ovarian epithelial inflammation in ovarian cancer. J Natl Cancer Inst. 1999;91(17):1459-1467.

  71. M.L. Newhouse, R.M. Pearson, J.M. Fullerton, et al. A case control study of carcinoma of the ovary. Br J Prev Soc Med. 1977;31(3):148-153.

  72. R.O. West. Epidemiologic study of malignancies of the ovaries. Cancer. 1966;19(7):1001-1007.

  73. S.B. Ho, G.A. Niehans, C. Lyftogt, et al. Heterogeneity of mucin gene expression in normal and neoplastic tissues. Cancer Res. 1993;53(3):641-651.

  74. Y. Hinoda, N. Nakagawa, H. Nakamura, et al. Detection of a circulating antibody against a peptide epitope on a mucin core protein, MUC1, in ulcerative colitis. Immunol Lett. 1993;35(2):163-168.

  75. K.L. Terry, L. Titus-Ernstoff, J.R. McKolanis, et al. Incessant ovulation, mucin 1 immunity, and risk for ovarian cancer. Cancer Epidemiol Biomarkers Prev. 2007;16(1):30-35.

  76. S.P. Pinheiro, S.E. Hankinson, S.S. Tworoger, et al. Anti-MUC1 antibodies and ovarian cancer risk: prospective data from the Nurses’ Health Studies. Cancer Epidemiol Biomarkers Prev. 2010;19(6):1595-1601.

  77. R. Kumar, E.A. Burns. Age-related decline in immunity: implications for vaccine responsiveness. Expert Rev Vaccines. 2008;7(4):467-479.

  78. D.W. Cramer, A.F. Vitonis, S.P. Pinheiro, et al. Mumps and ovarian cancer: modern interpretation of an historic association. Cancer Causes Control. 2010;21(8):1193-1201.

  79. D.W. Cramer, O.J. Finn. Epidemiologic perspective on immune-surveillance in cancer. Curr Opin Immunol. 2011;23(2):265-271.

  80. A.F. Vitonis, L. Titus-Ernstoff, D.W. Cramer. Assessing ovarian cancer risk when considering elective oophorectomy at the time of hysterectomy. Obstet Gynecol. 2011;117(5):1042-1050.








This work was supported by NIH Grant U01CA086381, and P50CA105009.





Hematology Oncology Clinics of North America, Vol. 26, No. 1, February 2012

ISSN: 0889-8588

doi: 10.1016/j.hoc.2011.11.003




Genetic Risk and Gynecologic Cancers


Laura L. Holman, MD, Karen H. Lu, MD *



Department of Gynecologic Oncology and Reproductive Medicine, The University of Texas MD Anderson Cancer Center, Unit 1362, 1155 Pressler, CPB6.3244, Houston, TX 77030-3721, USA

* Corresponding author.

E-mail address: khlu@mdanderson.org




Abstract

Hereditary cancer syndromes are responsible for 5% of endometrial cancers and 10% of ovarian cancers. Hereditary breast and ovarian cancer syndrome and Lynch syndrome account for most of these inherited cases. Significant advances have been made in the identification and management of women with these syndromes. In addition, recent advances have highlighted the prognostic and therapeutic implications for women with gynecologic cancers and inherited cancer syndromes.
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Approximately 5% of endometrial cancers and 10% of ovarian cancers can be attributed to an inherited predisposition.1,2 Given the current incidence of these diseases in the United States, hereditary cancer syndromes will lead to approximately 2200 new cases of ovarian cancer and 2300 new cases of endometrial cancer in 2011.3 Hereditary breast and ovarian cancer (HBOC) syndrome and Lynch syndrome account for most inherited gynecologic cancers. Other syndromes associated with gynecologic malignancies, such as Cowden syndrome, Li-Fraumeni syndrome, and Peutz-Jeghers syndrome, are rare.

Since the identification of the BRCA1 and BRCA2 genes and Lynch syndrome genes almost 20 years ago, significant advances have been made in the management of individuals who carry these gene mutations. In addition, important discoveries related to prognosis and treatment of the patient who has ovarian cancer with a BRCA1 or BRCA2 gene mutation have highlighted the role of genetic testing in the care of gynecologic oncology patients. This article reviews the 2 main inherited cancer syndromes relevant to gynecologic cancers, HBOC syndrome and Lynch syndrome.


HBOC syndrome

HBOC syndrome is caused by mutations in the BRCA1 or BRCA2 genes, which were first identified and cloned in the early 1990s.4,5 The prevalence of mutations in BRCA1 and BRCA2 among the general population has been estimated to be as high as 1 in 400.6 However, this varies among different populations. In certain populations that have undergone a period of relative isolation, founder mutations in BRCA1 and BRCA2 have been identified. For example, Ashkenazi Jews have a prevalence of approximately 1 in 40.7

BRCA1 is localized to chromosome 17q, whereas BRCA2 is localized to chromosome 13q. As tumor suppressor genes, the proteins coded for by BRCA1 and BRCA2 are involved in recognition and repair of DNA damage, specifically double-stranded DNA breaks.8 They are large genes, with BRCA1 having 24 exons and BRCA2 having 27 exons.9 More than 1200 inherited mutations have been found to occur throughout each gene.8,10 Approximately 80% of these mutations are either nonsense or frameshift mutations resulting in truncated, nonfunctioning protein.8

Women with a BRCA1 mutation have a risk of ovarian cancer by age 70 years of 39% to 46% and a lifetime risk of breast cancer by age 70 years of 65% to 85%. Reported risks of ovarian and breast cancers in women by age 70 years among BRCA2 carriers are 10% to 27% and 45% to 85%, respectively.9,11 Germline BRCA1 and BRCA2 mutations express incomplete penetrance. Furthermore, penetrance can be highly variable within families with the same BRCA mutation.12

BRCA mutation carriers are also at risk for several other cancers. Those rarer cancers reported to be associated with BRCA mutations are male breast, pancreatic, and prostate cancers, although lifetime risk of these cancers is low compared with female breast and ovarian cancer. Other malignancies, such as melanoma and biliary cancers, have also been reported to occur in BRCA carriers.12-16 Aside from malignancies, there are no known physical abnormalities or other conditions associated with BRCA mutations.


Pathology of BRCA-associated Ovarian Cancers

Multiple studies have noted that BRCA-associated ovarian cancers are more likely to be high-grade serous adenocarcinoma than sporadic ovarian cancers. Although only 44% to 59% of sporadic ovarian cancers are serous, up to 86% of BRCA-associated ovarian cancers have serous histology.12,17,18 In addition, endometrioid, mucinous, and low malignant potential tumors are rarely diagnosed in BRCA-positive women.19-21 Low-grade serous cancers are also unlikely to be part of the BRCA cancer spectrum.22 When comparing the histology of BRCA1 and BRCA2 patients, no difference has been found.17,21,23




Theory of the Fallopian Tube as a Potential Origin of BRCA-associated Serous Cancers

Most pelvic serous carcinomas are classified as ovarian. These cancers have been presumed to arise from the ovarian surface epithelium.18 However, there has recently been increasing interest in the fallopian tube as the potential site of origin of many BRCA-associated serous malignancies, including cancers that are typically diagnosed as ovarian.

This hypothesis developed as BRCA carriers and other high-risk women began to undergo risk-reducing salpingo-oophorectomy (RRSO) in the 1990s. The pathologic examination of these patients revealed early-stage, asymptomatic malignancies, with many located in the distal tube or fimbria. Most of these tumors were microscopic.24-31 However, not all of the tumors diagnosed in these studies were found in the tube. According to a recent summary of the published cases of malignancies found in RRSO specimens in BRCA carriers, approximately 21% of occult cancers involved the ovary alone, bringing into question whether the fallopian tube is the sole site of origin for serous carcinomas.31 Nevertheless, that most of the tumors found on RRSO are tubal is in contrast with the fact that fallopian tube cancer is rarely diagnosed in patients who present with late-stage serous carcinomas, with an incidence rate of only 0.41 per 100,000 women.32

To explain why fallopian tube carcinomas are diagnosed more frequently in early occult malignancies than in patients with large tumors or metastatic disease, it has been proposed that many BRCA-associated pelvic serous carcinomas originate in the fallopian tube and subsequently spread to the ovary and other peritoneal surfaces. A lesion called serous tubal intraepithelial carcinoma (STIC) has been hypothesized to be the origin of most pelvic serous carcinomas. STICs are distinguishable from the normal fallopian tube and seem to have the ability to shed malignant cells without invading the tube.18 Several investigators have reported the presence of STICs in patients with positive peritoneal cytology.25,31,33,34 This finding explains how patients may have a large volume of tumor on the ovary and peritoneum (and therefore diagnosed as ovarian or primary peritoneal carcinoma) but little tubal disease, although their cancer originated in the tube.




Prognosis and Novel Therapies for BRCA-associated Ovarian Cancer

Multiple studies have found a significant progression-free and overall survival advantage for patients who have ovarian cancer with a BRCA mutation compared with women who are BRCA mutation-negative. Earlier studies evaluated only patients with Ashkenazi Jewish BRCA founder mutations.35-37 However, more recent studies comparing survival in non-Jewish BRCA-positive patients who have ovarian cancer with BRCA-negative patients have also identified a survival advantage in BRCA mutation carriers. In the largest evaluation of non-Ashkenazi Jewish BRCA carriers to date, Lacour and colleagues38 found significantly longer progression-free (27.9 vs 17.9 months) and overall (101.7 vs 54.3 months) survival when compared with patients with sporadic ovarian cancer. In addition, these investigators noted that BRCA status was an independent predictor of progression-free and overall survival.

The cause of the survival advantage for BRCA carriers with ovarian cancer is unknown. Although several hypotheses exist, the theory that BRCA mutations improve chemotherapy sensitivity has garnered the most evidence.39,40 BRCA1 plays an important role in the repair of double-stranded DNA breaks, a process called homologous recombination. Because mutated BRCA is unable to recognize and repair double-stranded DNA breaks, BRCA mutation carriers may be incapable of repairing chemotherapy-induced DNA damage, thus leading to improved treatment response. Ongoing research into the function of these 2 genes may help to elucidate the underlying improved prognosis seen in clinical studies.

A novel class of therapeutics, PARP (poly[ADP-ribose] polymerase pathway) inhibitors, exploit the inability of BRCA mutated cancers to adequately repair double-stranded DNA breaks. PARP is involved in the repair of single-stranded DNA breaks. Therefore, the combination of PARP inhibition with defective BRCA function in ovarian tumors leads to enhanced cell death, a concept termed synthetic lethality. Phase I and II studies of olaparib (an oral PARP inhibitor) have reported it to be efficacious with minimal side effects in BRCA-associated ovarian and breast cancers. In the phase II study, olaparib at a dose of 400 mg twice daily showed a 33% response rate. In addition, it seems to be most effective in platinum-sensitive patients.41,42




Identifying Women at Risk for HBOC

Given their propensity for developing other malignancies, and the risk of having family members with the same mutation, it is important to identify patients with a BRCA mutation. The Society of Gynecologic Oncologists (SGO) has developed guidelines to aid in identifying patients at risk for HBOC.11 These same guidelines were also endorsed by the American College of Obstetricians and Gynecologists (ACOG).10 Table 1 details the SGO criteria.

Table 1 SGO guidelines for genetic risk assessment for HBOC



	Risk Assessment Helpful
	Risk Assessment Recommended



	Women with breast cancer ≤40 years
Women with bilateral breast cancer, especially if the first cancer was at ≤50 years
Women with breast cancer at ≤50 years and a first-degree, second-degree, or third-degree relative with breast cancer at ≤50 years
Ashkenazi Jewish women with breast cancer at ≤50 years
Women with breast or ovarian cancer at any age and ≥2 first-degree, second-degree, or third-degree relatives with breast cancer at any age, especially if ≥1 breast cancer was at ≤50 years
Unaffected women with a first-degree or second-degree relative meeting one of the above criteria
	Women with a personal history of breast and ovarian cancer
Women with ovarian cancer and a first-degree, second-degree, or third-degree relative with breast cancer at ≤50 years or ovarian cancer at any age
Ashkenazi Jewish women with ovarian cancer
Women with breast cancer at ≤50 years and a first-degree, second-degree, or third-degree relative with ovarian cancer or male breast cancer
Ashkenazi Jewish women with breast cancer at ≤40 years
Women with a first-degree or second-degree relative with a BRCA mutation



	Patients with one of the above criteria have a 5%–10% chance of a BRCA mutation
	Patients with one of the above criteria have a 20%–25% chance of a BRCA mutation




Data from Lancaster JM, Powell CB, Kauff ND, et al. SGO Committee Statement. Society of Gynecologic Oncologists Education Committee statement on risk assessment for inherited gynecologic cancer predispositions. Gynecol Oncol 2007;107(2):159–62.

There may be patients who do not meet these criteria but warrant genetic risk assessment. For example, families in which there are few female relatives or those in which multiple family members have undergone oophorectomy or hysterectomy at a young age may lead one to falsely assume a low risk of HBOC. In addition, women who are adopted may have little or no knowledge of their family history. Women with breast or ovarian cancer who present with one of these family histories should be considered for BRCA testing.10-12

As expected, women diagnosed with a BRCA-associated cancer have a greater risk of having a BRCA1 or BRCA2 mutation than the general population. For example, women with high-grade ovarian cancer (excluding Ashkenazi Jewish women, who have a substantially increased risk) have an estimated 1 in 8 to 1 in 10 risk of one of these mutations.23,43,44 Based on this increased prevalence, it has been suggested that it is reasonable to offer BRCA testing to all women diagnosed with high-grade ovarian cancer.23 In general, women less than 21 years old should not be tested.10

Kwon and colleagues45 recently performed an analysis highlighting the importance of genetic testing of patients with ovarian cancer. This study found that applying the SGO criteria to determine which patients with ovarian cancer to test for BRCA1 and BRCA2 mutations resulted in a cost-effective strategy for the prevention of future cancers in first-degree relatives of women who were tested. Many women who are high risk for HBOC are never referred for genetic assessment. In their retrospective study, Meyer and colleagues46 found that 48% of patients with ovarian cancer who in 2007 fulfilled the criteria outlined earlier were referred to genetic counseling. Although it seems that most providers are aware of referral criteria, a substantial portion are still not referring their high-risk patients for genetic testing.47 Reasons for this discrepancy are unclear, although a contributing factor may be that clinicians are not consistently able to identify patients at high risk for HBOC.48 A recent study noted that only 19% of primary care physicians were able to delineate low-risk from high-risk patients in a survey of clinical scenarios.49

There is currently no consensus on the timing of referral for genetic testing for patients at high risk for HBOC. In the breast literature, many providers report a preference to refer their patients after they complete adjuvant treatment.47 However, most patients wish their physicians had broached the subject of genetic counseling earlier in their treatment course.50 In a study of patients with ovarian cancer who underwent BRCA testing, one-third had not been referred for genetic counseling until they had recurrent disease. Given the poor prognosis of recurrent ovarian cancer, the investigators argue for genetic counseling referral at initial diagnosis.51




Surveillance

It is generally agreed that women diagnosed with a BRCA mutation should be routinely screened for cancers of which they are at risk.12 To date, there is limited evidence that ovarian cancer screening leads to improved survival. An evaluation of 13 ovarian cancer screening studies in high-risk women noted that of the 70 tumors discovered, only 24% were early stage.52 This finding is similar to the incidence of early-stage disease in the general population of unscreened patients, arguing that there may be no difference in mortality between screened and unscreened populations.53 However, survival outcome was unavailable for all but one of the studies included in the analysis. Large, prospective trials are under way in the
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Lynch-associated Malignancies





	Malignancy
	Lifetime Risk (%)



	Endometrial
	40–60



	Colorectal (women)
	40–60



	Gastric
	13



	Ovary
	6–12



	Renal pelvis/ureter
	4–8



	Small bowel
	<5



	Brain
	4



	Biliary tract
	2
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Identifying Women at Risk for Lynch Syndrome





	Risk Assessment Helpful
	Risk Assessment Recommended



	Patients with endometrial or colorectal cancer diagnosed before 50 years
Patients with endometrial or ovarian cancer with synchronous or metachronous Lynch-associated malignancies
Patients with colorectal or endometrial cancer and more than 2 first-degree relatives with a Lynch-associated malignancy
Patient with a first-degree or second-degree relative meeting the above criteria
	Patients meeting revised Amsterdam criteriaa
Patients with synchronous or metachronous colorectal and ovarian or endometrial cancers
Patients with a first-degree or second-degree relative with a known MMR mutation



	Patients with one of the above criteria have a 5%–10% chance of Lynch syndrome
	Patients with one of the above criteria have a 20%–25% chance of Lynch syndrome









Surveillance





Risk-reducing Surgery








Other syndromes








Summary
































































































































OEBPS/images/S0889858811001389_tbl2.jpg
Factor Endometrium __ Ovary __ References
Menstrual and Reproductive Events

Late age ot menarche 1 m o0
Short or irregular cydee lengths 1 1 a0
Late age at menopause 1 1 3
Early age at first birth or late age at ast birth 1 ! =
More children 1 L =)
Breastfeeding | | 0
Oral contraceptive use | f bR
Greater number of ovulatory gycles 1 il ol
Intrauterine device use ] 4 il
Tubal ligation Il 4 e
Menopausal hormones_ especially estrogen only 1 1 Ea
Medical Events

High body mass index. 1 1 e
Polyqystic ovarian syndrome 1 1 EST
History of bone fracture il il TR
Systemic lupus erythematosus | L =
Habits and Environment

Smoking 1 0 B
Talcuse 1 1 o
Physical activity/exercise | | e

* Increased risk is indicated by 1, decreased risk by .
® Only for mucinous types of ovarian cancer.

Data from Bokhman JV. Two pathogenetic types of endometrial carcinoma. Gynecol Oncol
1983:15(1):10-7.





OEBPS/images/S0889858811001389_tbl1.jpg
Incidence Mortality
Region Cervix_Endometrium _Ovary Cervix_Endometrium Ovan
World 153 82 63 78 20 38
More developed regions __ 9.1 __13.0 93 31 23 5.1
Less developed regions 178 59 50 98 17 3.1
Eastern Africa 345 24 40 253 08 33
Middle Africa 230 1.9 43 17.0 07 36
Northern Africa 66 22 48 40 07 37
Southem Africa 268 69 38 148 21 28
Western Africa 337 1.9 38 20 07 31
Caribbean 208 9.0 43 94 33 27
Central America 22 61 52 11125 34
South America 241 44 62 108 17 34
Northern America 57 164 87 17 24 54
Eastern Asia 96 103 43 39 22 18
South-Eastern Asia 158 57 66 83 20 44
South-Central Asia 246 21 55 141 1.1 41
Western Asia 45 56 48 21 15 36
Central and Eastern Europe 147 __14.6 110 62 34 59
Northern Europe 84 138 118 25 22 65
Southem Europe 81 104 84 25 1.9 42
Western Europe 69 1.2 89 20 1.8 49
Oceania 80 108 7.6 36 17 47
Australia/New Zealand 50 115 78 14 16 46
Melanesia 237 52 51 166 2.0 42
Micronesia 95 80 61 34 53 52
Polynesia 167 115 50 60 26 38

Age-adjusted incidence rates are per 100,000 and are adjusted to the World Standard.
Data from Ferley J, Shin HR, Bray F; et al. GLOBOCAN 2008 v1.2, cancer incidence and mortality
worldwide: IARC cancer base no. 10. Lyon (France): International Agency for Research on Cancer,
2010. Avallable at: http:/globocan.jarc.fr. Accessed October 5, 2011.





OEBPS/images/S088985881100164X_fx1.jpg






OEBPS/images/9781455742851_FC.jpg
Clinics Review Articles

HEMATOLOGY/ONCOLOGY
CLINICS OF NORTH AMERICA

CONSULTING EDITORS
GEORGE P. CANELLOS
NANCY BERLINER

Gynecologic
Cancer

EDITOR
ROSS BERKOWITZ

FEBRUARY 2012








OEBPS/images/S0889858811001389_gr1.jpg
200

| T — .
e o
1601 |~ copborocmyodusedovrioncnce .
| | "
& m
$ o
)
o
©
»
ol

>0 0
SEES 'fp's“:‘re"@

S L LSS
i






OEBPS/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    

     
		 
    

     
		 
		 
    

     
         
             
             
             
             
             
             
        
    

  

   
     
  





