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ABSTRACT 

Objective:  The majority of ovarian tumors in girls and young women are nonepithelial in 

origin.  The etiology of nonepithelial ovarian tumors remains largely unknown, and intrauterine 

exposures may play an important role.  We examined the association of perinatal factors with 

risk of nonepithelial ovarian tumors in girls and young women. 

Methods:  National cohort study of 1,536,057 women born in Sweden during 1973-2004 and 

followed for diagnoses of nonepithelial ovarian tumors through 2009 (attained ages 5-37 years).  

Perinatal and maternal characteristics, and cancer diagnoses were ascertained using nationwide 

health registry data. 

Results:  147 women were diagnosed with nonepithelial ovarian tumors in 31.6 million person-

years of follow-up, including 94 with germ cell tumors and 53 with sex-cord stromal tumors.  

Women born preterm (<37 weeks of gestation) had significantly increased risk of developing 

nonepithelial ovarian tumors (adjusted hazard ratio 1.86, 95% CI 1.03-3.37; p=0.04).  

Histological subgroup analyses showed that preterm birth was associated with increased risk of 

sex-cord stromal tumors (4.39, 2.12-9.10; p<0.001), but not germ cell tumors (0.68, 0.21-2.15; 

p=0.51).  No significant associations were found with fetal growth, birth order, and maternal age 

at birth. 

Conclusions:  This large cohort study provides the first evidence that preterm birth is a risk 

factor for developing sex cord-stromal tumors.  Ovarian hyperstimulation in response to high 

gonadotropin levels in preterm girls could mediate disease risk through the proliferative and 

steroidogenic effects of FSH and LH on granulosa and theca cells, from which most sex-cord 

stromal tumors are derived.
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INTRODUCTION 

The majority of ovarian tumors in girls and young women are nonepithelial in origin.[1]  

Nonepithelial ovarian cancers are comprised of sex-cord stromal tumors, believed to arise from 

the sex cord and stromal components of the embryonic gonad, and germ cell tumors, derived 

from the primordial germ cells.[2]  Together, these tumors account for about 10% of all ovarian 

cancers.[3]  Because of their rarity, nonepithelial ovarian cancers have seldom been studied and 

their etiology remains largely unknown.  Recent genetic studies have shown that somatic 

missense mutations in the DICER1 and FOXL2 genes are common in nonepithelial ovarian 

tumors.[4-6]  However, the risk factors which predispose to the development of these oncogenic 

mutations in some women are unknown.  We hypothesize that the perinatal period constitutes a 

critical window of susceptibility to exposures because elevated hormone levels and ovarian 

follicular development and maturation occur during fetal life and early infancy.[7]  We 

conducted a Swedish national cohort study to examine the association of gestational age at birth, 

fetal growth and other perinatal factors with the risk of developing nonepithelial ovarian cancers 

in childhood through young adulthood.  To our knowledge, this is the first epidemiologic study 

of gestational age at birth and fetal growth in relation to subsequent risk of nonepithelial ovarian 

cancers. 

 

METHODS 

Study population and procedures 

We identified 1,546,771 women in the Swedish Birth Registry who were born during 

1973-2004.  We excluded women with missing information for gestational age at birth (n=3797) 

or birth weight (n=4601), and recorded birth weight >4 standard deviations above or below the 
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RESULTS 

Among 1,536,057 women in this study cohort, 147 were diagnosed with nonepithelial 

ovarian tumors, including 94 with germ cell tumors and 53 with sex-cord stromal tumors in 31.6 

million person-years of follow-up (Table 1).  The median age at diagnosis was 19.1 years (range 

5.5-33.9) for germ cell tumors, and 21.2 years (range 3.0-34.0) for sex-cord stromal tumors.  The 

94 germ cell tumors comprised: 48 (51.1%) teratomas, 30 (31.9%) dysgerminomas, 11 (11.7%) 

yolk sac tumors, 2 (2.1%) polyembryomas, 1 (1.1%) embryonal carcinoma, 1 (1.1%) 

gonadoblastoma, and 1 (1.1%) mixed germ cell tumor.  The 53 sex-cord stromal tumors 

comprised: 32 (60.4%) granulosa-stromal cell tumors, 14 (26.4%) Sertoli-stromal cell tumors, 1 

(1.9%) steroid cell tumor, and 6 (11.3%) unclassified sex-cord stromal tumors.  Of the 94 germ 

cell tumors, 86 (91.5%) were malignant, and 8 (8.5%) had uncertain tumor behavior.  Of the 53 

sex-cord stromal tumors, 27 (50.9%) were malignant, 10 (18.9%) were benign, and 16 (30.2%) 

had uncertain tumor behavior. 

Women diagnosed with nonepithelial ovarian tumors (Table 1) were more likely to have 

been born before 37 weeks of gestational age (8.2%), especially among women with sex-cord 

stromal tumors (17.0%) compared to germ cell tumors (3.2%) or no ovarian tumors (5.4%).  

Women diagnosed with nonepithelial ovarian tumors were born earlier in the study period, and 

had greater opportunity to bear children by the end of follow-up in 2009 compared with the rest 

of the 1973-2004 birth cohort (Table 1).  The study cohort included 36,145 (2.4%) women who 

were twins or higher-order multiple births, among whom 2 women from different twin pairs 

were diagnosed with 1 germ cell tumor and 1 sex-cord stromal tumor, respectively. 

Women who were born preterm (<37 weeks of gestational age) rather than at term (37-41 

weeks) had an increased risk of developing nonepithelial ovarian tumors (HR 1.86, 95% CI 1.03-
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stimulate the postnatal proliferation of granulosa cells and activation of follicular development, 

which is delayed compared to full-term girls.[7] 

We hypothesize that ovarian hyperstimulation in response to high gonadotropin levels in 

preterm girls specifically increases the risk of sex-cord stromal tumors through the proliferative 

and steroidogenic effects of FSH and LH on granulosa and theca cells, from which most sex-cord 

stromal tumors are derived.  In contrast to granulosa and theca cells, oocytes express very low 

levels of FSH receptors and no LH receptors,[16] which mitigates the direct effects of high 

gonadotropin levels on these germ cells and may explain the absence of an association between 

preterm birth and risk of germ cell tumors.  Ovarian hyperstimulation has also been postulated to 

increase estrogen levels[14] which could increase cancer risk through its activity as both a 

mitogen and mutagen on hormone-responsive cells.[13]  A recent study showed that high 

circulating levels of androgens during pregnancy were associated with increased risk of maternal 

sex-cord stromal but not germ cell tumors, suggesting that elevated androgens may also play a 

role in the pathogenesis of sex-cord stromal tumors;[17] to our knowledge, no previous study has 

examined the risk in daughters.  Additionally, androgens have been shown to induce and 

promote ovarian sex-cord stromal tumors in rodent models.[18,19]  LH stimulates ovarian theca 

cells to produce androgens, and FSH induces granulosa cells to express aromatase which 

converts androgens to estradiol.[20]  Thus, high gonadotropin levels in premature girls plausibly 

could increase the risk of sex-cord stromal tumors through the carcinogenic effects of elevated 

androgens as well as estrogens in the ovary. 

Reduced fetal growth has been postulated to indicate a lower number of cells at risk for 

later carcinogenesis and may be associated with reduced risk of epithelial ovarian cancer.[21]  

However, a recent study found similar serum levels of anti-Müllerian hormone in young women 
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who were born small versus appropriate for gestational age, indicating that the ovarian follicle 

pool size is unlikely to be reduced in women born small for gestational age.[22]  Our finding that 

fetal growth is not associated with risk of nonepithelial ovarian cancers is consistent with the 

lack of association between fetal growth and the ovarian follicle pool size in young women.[22]  

Lower birth order and older maternal age have been associated with higher estrogen levels 

during pregnancy, which could increase cancer risk.[23]  However, our null findings suggest that 

alterations to the intrauterine environment due to birth order and maternal age may not be 

associated with the development of non-epithelial ovarian tumors in daughters.  In this cohort of 

young women in their childbearing years, we found no association of parity with risk of 

nonepithelial tumors, and suggestive evidence that older age at first birth may increase risk, 

which was consistent with some[24,25] but not all previous studies[26-28] among mostly older 

women. 

The main strengths of this study were the population-based cohort design, and complete 

ascertainment of exposures and outcomes using nationwide health registry data.  Detailed 

information on perinatal characteristics was available from birth registries, which minimized 

potential biases from nondifferential misclassification or differential recall that can impair case-

control studies.  Cancer diagnoses were prospectively determined using cancer registry data that 

are nearly 100% complete, minimizing selection bias.  Despite the large size of this national 

cohort, the numbers of women with nonepithelial ovarian tumors was limited as in all previous 

epidemiologic studies of this rare disease.  Thus, we were unable to examine the association of 

preterm birth with specific subtypes of sex-cord stromal or germ cell tumors. 

Our findings indicate that preterm birth may be a risk factor for developing ovarian sex-

cord stromal tumors, and demonstrate the importance of early-life exposures on later cancer risk.  
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Large-scale international collaborative studies are needed to confirm these findings and to 

delineate the effects of preterm birth on the risk of distinct subtypes of nonepithelial ovarian 

cancers.  Our findings suggest that ovarian hyperstimulation in response to elevated postnatal 

gonadotropin levels in preterm girls may increase cancer risk by stimulating proliferation and 

steroidogenesis of granulosa and theca cells, and increasing sex hormone levels in the ovary.  

Future studies can improve our understanding of the long-term biological consequences of 

preterm birth, and identify other early-life risk factors for non-epithelial ovarian cancers as well 

as windows of susceptibility when preventive interventions may be most effective. 

 

CONFLICTS OF INTEREST STATEMENT 

The authors declare that there are no conflicts of interests. 

 

ACKNOWLEDGMENTS 

This study was supported by the U.S. National Cancer Institute (R03CA171017 and 

K07CA143047), U.S. National Institute of Child Health and Human Development 

(R01HD052848), Swedish Research Council (2008-3110 and 2008-2638), Swedish Council for 

Working Life and Social Research (2006-0386, 2007-1754, and 2007-1962), and ALF project 

grant, Lund, Sweden.  We thank Dr. Lu Tian in the Division of Biostatistics at Stanford 

University for helpful comments on the statistical methods. 

 

REFERENCES 

1. Young JL, Jr., Cheng Wu X, Roffers SD, Howe HL, Correa C, et al. (2003) Ovarian cancer in 
children and young adults in the United States, 1992-1997. Cancer 97: 2694-2700. 

2. Jamieson S, Fuller PJ (2012) Molecular pathogenesis of granulosa cell tumors of the ovary. 
Endocr Rev 33: 109-144. 



 12 

3. Gershenson DM (2012) Current advances in the management of malignant germ cell and sex 
cord-stromal tumors of the ovary. Gynecol Oncol 125: 515-517. 

4. Van Nieuwenhuysen E, Lambrechts S, Lambrechts D, Leunen K, Amant F, et al. (2013) 
Genetic changes in nonepithelial ovarian cancer. Expert Rev Anticancer Ther 13: 871-882. 

5. Heravi-Moussavi A, Anglesio MS, Cheng SW, Senz J, Yang W, et al. (2012) Recurrent 
somatic DICER1 mutations in nonepithelial ovarian cancers. N Engl J Med 366: 234-242. 

6. Shah SP, Kobel M, Senz J, Morin RD, Clarke BA, et al. (2009) Mutation of FOXL2 in 
granulosa-cell tumors of the ovary. N Engl J Med 360: 2719-2729. 

7. Kuiri-Hanninen T, Kallio S, Seuri R, Tyrvainen E, Liakka A, et al. (2011) Postnatal 
developmental changes in the pituitary-ovarian axis in preterm and term infant girls. J Clin 
Endocrinol Metab 96: 3432-3439. 

8. Marsal K, Persson PH, Larsen T, Lilja H, Selbing A, et al. (1996) Intrauterine growth curves 
based on ultrasonically estimated foetal weights. Acta Paediatr 85: 843-848. 

9. Tavassoli FA, Devilee P (2003) World Health Organization Classification of Tumours: 
Pathology and Genetics of Tumours of the Breast and Female Genital Organs; Kleihues P, 
Sobin LH, editors. Lyon, France: IARC Press. 

10. Crump C, Sundquist K, Sundquist J, Winkleby MA (2011) Gestational age at birth and 
mortality in young adulthood. JAMA 306: 1233-1240. 

11. Crump C, Sundquist K, Sieh W, Winkleby M, Sundquist J (2011) Gestational age at birth 
and risk of testicular cancer. 

12. Grambsch PM, Therneau TM (1994) Proportional Hazards Tests and Diagnostics Based on 
Weighted Residuals. Biometrika 81: 515-526. 

13. Henderson BE, Ross R, Bernstein L (1988) Estrogens as a cause of human cancer: the 
Richard and Hinda Rosenthal Foundation award lecture. Cancer Res 48: 246-253. 

14. Ekbom A (1998) Growing evidence that several human cancers may originate in utero. 
Semin Cancer Biol 8: 237-244. 

15. Tapanainen J, Koivisto M, Vihko R, Huhtaniemi I (1981) Enhanced activity of the pituitary-
gonadal axis in premature human infants. J Clin Endocrinol Metab 52: 235-238. 

16. Meduri G, Charnaux N, Driancourt MA, Combettes L, Granet P, et al. (2002) Follicle-
stimulating hormone receptors in oocytes? J Clin Endocrinol Metab 87: 2266-2276. 

17. Chen T, Surcel HM, Lundin E, Kaasila M, Lakso HA, et al. (2011) Circulating sex steroids 
during pregnancy and maternal risk of non-epithelial ovarian cancer. Cancer Epidemiol 
Biomarkers Prev 20: 324-336. 

18. Horning ES (1958) Carcinogenic action of androgens. Br J Cancer 12: 414-418. 
19. Beamer WG, Shultz KL, Tennent BJ (1988) Induction of ovarian granulosa cell tumors in 

SWXJ-9 mice with dehydroepiandrosterone. Cancer Res 48: 2788-2792. 
20. Richards JS, Pangas SA (2010) The ovary: basic biology and clinical implications. J Clin 

Invest 120: 963-972. 
21. Rossing MA, Cushing-Haugen KL, Doherty JA, Wicklund KG (2008) Characteristics related 

to the maternal intrauterine environment and risk of epithelial ovarian cancer. Ann Epidemiol 
18: 411-415. 

22. Kerkhof GF, Leunissen RW, Willemsen RH, de Jong FH, Visser JA, et al. (2010) Influence 
of preterm birth and small birth size on serum anti-Mullerian hormone levels in young adult 
women. Eur J Endocrinol 163: 937-944. 

23. Panagiotopoulou K, Katsouyanni K, Petridou E, Garas Y, Tzonou A, et al. (1990) Maternal 
age, parity, and pregnancy estrogens. Cancer Causes Control 1: 119-124. 



 13 

24. Horn-Ross PL, Whittemore AS, Harris R, Itnyre J (1992) Characteristics relating to ovarian 
cancer risk: collaborative analysis of 12 U.S. case-control studies. VI. Nonepithelial cancers 
among adults. Collaborative Ovarian Cancer Group. Epidemiology 3: 490-495. 

25. Albrektsen G, Heuch I, Kvale G (1997) Full-term pregnancies and incidence of ovarian 
cancer of stromal and germ cell origin: a Norwegian prospective study. Br J Cancer 75: 767-
770. 

26. Adami HO, Hsieh CC, Lambe M, Trichopoulos D, Leon D, et al. (1994) Parity, age at first 
childbirth, and risk of ovarian cancer. Lancet 344: 1250-1254. 

27. Sanchez-Zamorano LM, Salazar-Martinez E, De Los Rios PE, Gonzalez-Lira G, Flores-Luna 
L, et al. (2003) Factors associated with non-epithelial ovarian cancer among Mexican 
women: a matched case-control study. Int J Gynecol Cancer 13: 756-763. 

28. Boyce EA, Costaggini I, Vitonis A, Feltmate C, Muto M, et al. (2009) The epidemiology of 
ovarian granulosa cell tumors: a case-control study. Gynecol Oncol 115: 221-225. 

 
  






