
Diethylstilbestrol (DES) in the US

Diethylstilbestrol (DES) is an artificially created hormone first synthesized in the late 1930s. Doc-
tors widely prescribed DES first to pregnant women to prevent miscarriages, and later as an emer-
gency contraceptive pill and to treat breast cancer. However, in 1971, physicians showed a link
between DES and vaginal cancer during puberty in the children of women who had taken DES
while pregnant. Consequently, the US Food and Drug Administration (FDA) banned its use during
pregnancy. In the late 2000s, several studies showed that the grandchildren of women who had con-
sumed DES also suffered medical issues. By the early decades of the twenty-first century, roughly
ten million people in the US had been exposed to DES, and three generations of individuals had
suffered medical issues due to DES exposure. Researchers class DES as an endocrine disruptor,
which affects the form and function of the hormone (endocrine) system.
In the early 1900s, scientists worked to isolate estrogen, a female sex hormone, and to produce
it in the lab. Estrogen, or estrogen-like chemicals, stimulate the female reproductive system and
the development of female sex characteristics like breasts and pubic hair. Scientists said that the
production of a synthetic estrogen would enable them to treat hormonal problems caused by lack
of estrogen, like various cancers and difficulty getting pregnant.
Sir Edward Charles Dodds specialized in biochemistry and worked at the University of Oxford in
Oxford, England. His biographer and colleague, Francis Dickens, said that Dodds aimed to create
artificial estrogen to simulate the effects of the natural hormone. In 1934, Dodds and colleagues
synthesized the first artificial estrogen with a chemical base almost identical to that of the natural
hormone. However, the compound was minimally effective and had to be administered to subjects
through injection, making its widespread use unfeasible, because it required individuals to visit a
physician for frequent injections.
In 1938, Dodds's lab, along with the lab of Robert Robinson at Oxford, synthesized a new synthetic
estrogen, called stilbestrol, and soon called DES. DES acted three times more powerfully then natu-
ral estrogen and was effective when subjects took it orally. Researchers produced it as a lightweight
powder, and many of the male workers in the lab developed breasts due to inhaling DES. DES cost
about two dollars per gram to produce, rather than the three hundred dollars to produce natural
estrogen. Furthermore, because DES was synthesized in a laboratory that was publically funded,
the product could not be patented, further reducing its cost.
Several months after the synthesis of DES in 1938, Dodds published a paper showing that DES,
when given to rats and rabbits, could prevent or end pregnancies, making it a viable birth control or
emergency contraceptive pill. However, Dodds said that the human female reproductive cycle was
too delicate to introduce foreign substances into it, and he denounced the use of DES to prevent
or end pregnancies. Dodds stressed the possible cancerous effects of DES and other synthetic
estrogens.
Even with early signs of problems that arose when women took DES, such as miscarriages, many
people used the hormone to treat a variety of hormonal problems. In 1941, the US FDA, headquar-
tered in Silver Spring, Maryland, approved DES as a treatment for menopausal symptoms, postpar-
tum lactation suppression, gonorrheal vaginitis, and atrophic vaginitis. That same year, physicians
Charles Huggins and Clarence V. Hodges at the University of Chicago in Chicago, Illinois, used
DES to treat metastatic prostate cancer. Huggins won the Nobel Prize in Physiology or Medicine
in 1966 for his use of hormones like DES to treat prostate cancer.
In 1949, scientists observed that pregnancy complications, like premature birth and fetal death
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in the womb, correlated with low estrogen levels in the urine of pregnant women, indicating that
women with a history of miscarriages could be treated with an estrogen mimic like DES to prevent
those complications. Many used DES to treat what they deemed as excessive height in adolescent
girls during the 1950s, and in 1960 researchers showed that DES helped treat breast cancer in
postmenopausal women. Physicians around the world prescribed DES to millions of individuals.
However, the use of DES quickly became problematic, as Dodds had predicted. A 1953 study con-
ducted by researchers at the University of Chicago in Chicago, Illinois, found that the use of DES
during pregnancy did not prevent miscarriages. In 1970, researchers linked DES to the develop-
ment of clear cell adenocarcinoma of the vagina in the daughters of those women who ingested DES
while pregnant. Throughout 1971, researchers published more studies that linked DES to the devel-
opment of irregularities in the glands of the daughters of DES users and, in November of 1971, the
FDA banned the use of DES during pregnancy in the US. However, that year, a study reported that
DES was an effective post-coital contraceptive, spurring the off-label use of DES as an emergency
contraceptive pill on many college campuses.
In 1975, to prevent its off-label use, the FDA approved DES as a contraceptive in emergency situ-
ations such as rape and incest. Later that year, the FDA withdrew that approval. It removed the
large dose prescriptions of DES from the market, and it required DES manufacturers to label both
the DES container and the physician insert, an insert included with the drug that tells physicians
what the drug can be prescribed for, with a statement prohibiting the use of DES as an emergency
contraceptive. However, during the 1970s, researchers created a non-estrogen emergency contra-
ceptive that largely replaced DES prior to the FDA's actions.
By the late 1970s, the FDA approved DES in the US only to treat postmenopausal breast cancer,
post-partum lactation repression, and metastatic prostate cancer. In 1977, the FDA approved a
new drug, tamoxifen, to treat breast cancer, which produced better results than DES. Tamoxifen
had fewer side effects, and it replaced DES. In 1978, the FDA banned the use of DES for post-partum
lactation suppression. Later, in 1985, a new drug, GnRH agonist leuprolide, which mimicked DES,
replaced DES as a treatment for prostate cancer. Finally, in 1985, the FDA listed DES as a known
carcinogen.
Between 1938 and 1971, an estimated four million women in the United States took DES while
pregnant. DES affected women who took DES while pregnant, the daughters and sons exposed
to DES prenatally, and the children of those daughters and sons. But for many years, researchers
could little explain the long-term effects of DES, either on those who had ingested DES or on those
exposed to DES as fetuses of pregnant women who had taken DES.
One effect seen in women who took DES while pregnant is a higher risk for breast cancer. In 1978,
research indicated a link between those women who took DES during pregnancy and breast cancer.
However, subsequent studies found no increase in breast cancer rates in DES mothers. Over the
next twenty years, researchers published studies both supporting and refuting the link between
DES ingestion and breast cancer. In 2001, researchers found a modest association between breast
cancer and DES mothers.
Researchers found that DES seems to cause more adverse effects in daughters exposed to DES
prenatally than in daughters not exposed to DES prenatally. Daughters exposed to DES as fetuses
had an increased risk for certain cancers of the vagina, cervix, and breasts. The first effects of DES
on female offspring were documented in 1970, when Arthur L. Herbst and Robert E. Scully at the
Vincent Memorial Hospital in Boston, Massachusetts, found a link between prenatal exposure to
DES and the development of clear cell adenocarcinoma of the vagina and cervix in the daughters of
women who had taken DES. Vaginal clear cell adenocarcinoma is a cancer that causes lesions in the
vagina and cervix, and the cells of those lesions the cells look clear under a microscope. Usually,
that kind of cancer develops in postmenopausal women, but in DES daughters, the cancer begins
during puberty and into the early twenties, though some cases manifest in women in their thirties
and forties. Researchers said that one in every thousand DES daughters will develop clear cell
adenocarcinoma of the vagina. As of 2014, studies also showed an increased risk of breast cancer
in DES daughters.
Within the reproductive tract of DES daughters, several structural abnormalities are common, and
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those abnormalities often make pregnancy more difficult than normal, both in terms of getting
pregnant, and in carrying a pregnancy to term. A quarter of DES daughters are infertile, which is
often due to abnormal reproductive tracts. Approximately one third of DES daughters have cervical
abnormalities and vaginal adenosis, an abnormal tissue found on the surface of the vagina. A T-
shaped uterus is also common in DES daughters, where the uterine cavity is shaped like a T, as
opposed to a pear-like shape. This structural difference causes two thirds of the infertility seen
in DES daughters. DES daughters also have higher than normal rates of miscarriages, premature
births, and ectopic pregnancies, pregnancies where the embryo implants outside the uterus.
Compared to DES daughters, researchers found fewer health effects in males exposed prenatally
to DES, though some health effects do exist. DES sons have an increased rate of epididymal cysts
(lumps on the epidydimus) compared to the general population. Scientists also indicated that other
genital abnormalities, like the underdevelopment of the testes (testicular hypoplasia), the absence
of one or both testes (cryptorchidism), and a penis under two inches in length (microphallus), may
link with DES exposure. However, in animal studies, older subjects showed more of the effects of
prenatal exposure to DES in males, leading many researchers to claim that testicular and other
cancers will become more prevalent as DES sons age. The fertility of DES sons is normal.
Research about DES in animals showed that DES can cross the placenta and enter the fetal blood
stream, where it accumulates in the reproductive tract of fetuses. DES can then affect the chro-
mosomes of the cells that it comes into contact with, causing aberrations, which later cause the
medical conditions seen in DES daughters and sons.
The medical conditions caused by DES spurred many lawsuits, including 1980's Sindell v. Abbott
Laboratories, a California Supreme Court case. In Sindell, two DES daughters, Judith Sindell and
Maureen Rogers, sued a group of DES manufacturers and alleged that their mothers' ingestion
of DES caused injuries to Sindell and Rogers. They could not specify a manufacturer due to the
amount of time that had passed between when their mothers ingested DES and the appearance of
symptoms in Sindell and Rogers. Furthermore, their mothers had used of a generic brand. The
women won their case against the drug manufacturers when the court established the precedent
of market share liability, for which an entire market is responsible for a share of a settlement when
the individual manufacturer cannot be identified.

Sources

1. Casey, Petra M., Margaret E. Long, and Mary M. Marnach. ”Abnormal cervical appearance:
What to do, when to worry?” Mayo Clinic Proceedings 86 (2011): 147–51. http://www.ncbi
.nlm.nih.gov/pmc/articles/PMC3031439/pdf/mayoclinproc_86_2_010.pdf (Accessed March 10,
2015).

2. Centers for Disease Control and Prevention. ”Patients prescribed DES while pregnant: Health
risks and related concerns for women prescribed DES while pregnant.” US Department of
Health and Human Services. http://www.cdc.gov/des/hcp/information/women/risks_women.h
tml (Accessed March 10, 2015).

3. Centers for Disease Control and Prevention. ”Patients who are DES daughters: Health risks
and related concerns for DES daughters.” US Department of Health and Human Services.
http://www.cdc.gov/des/hcp/information/daughters/risks_daughters.html (Accessed March 10,
2015).

4. Centers for Disease Control and Prevention. ”Patients who are DES sons: Health risks and
related concerns for DES sons.” US Department of Health and Human Services. http://www.
cdc.gov/des/hcp/information/sons/risks_sons.html (Accessed March 10, 2015).

5. Centers for Disease Control and Prevention. ”Patients who are offspring of DES daughters
and sons: Ongoing research on the offspring of DES daughters and sons.” US Department of
Health and Human Services. http://www.cdc.gov/des/hcp/information/generation/research_g
eneration.html (Accessed March 10, 2015).

6. Cook, James W., Edward Charles Dodds, C. L. Hewett, and Wilfred Lawson. ”The oestrogenic
activity of some condensed-ring compounds in relation to their other biological activities.” Pro-
ceedings of the Royal Society of London. Series B (1934): 272–286. http://www.jstor.org/stab

3

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3031439/pdf/mayoclinproc_86_2_010.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3031439/pdf/mayoclinproc_86_2_010.pdf
http://www.cdc.gov/des/hcp/information/women/risks_women.html
http://www.cdc.gov/des/hcp/information/women/risks_women.html
http://www.cdc.gov/des/hcp/information/daughters/risks_daughters.html
http://www.cdc.gov/des/hcp/information/sons/risks_sons.html
http://www.cdc.gov/des/hcp/information/sons/risks_sons.html
http://www.cdc.gov/des/hcp/information/generation/research_generation.html
http://www.cdc.gov/des/hcp/information/generation/research_generation.html
http://www.jstor.org/stable/81817
http://www.jstor.org/stable/81817


le/81817 (Accessed March 18, 2015).
7. Council on Drugs. ”Report to the Council: Androgens and estrogens in the treatment of dissem-
inated mammary carcinoma: Retrospective study of nine hundred forty-four patients.” Journal
of the American Medical Association 172 (1960): 1271–83.

8. Dieckmann, William J., M. Edward Davis, Lois M. Rynkiewicz, and Russell E. Pottinger. ”Does
the administration of diethylstilbestrol during pregnancy have therapeutic value?” American
Journal of Obstetrics and Gynecology 66 (1953): 1062–81.

9. Dodds, Edward Charles, Leon Goldberg, Wilfred Lawson, and Robert Robinson. ”Oestrogenic
activity of certain synthetic compounds.” Nature 141 (1938): 247–8.

10. Doherty, Leo F., Jason G. Bromer, Yuping Zhou, Tamir S. Aldad, and Hugh S. Taylor. ”In utero
exposure to diethylstilbestrol (DES) or bisphenol-A (BPA) increases EZH2 expression in the
mammary gland: An epigenetic mechanism linking endocrine disruptors to breast cancer.”
Hormones and Cancer 1 (2010): 146–55. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC314
0020/ (Accessed March 18, 2015).

11. Gilbert Scott F. ”Environmental Disruption of Normal Development,” in Developmental Biology.
6th edition. Sunderland, MA: Sinauer Associates, 2000. http://www.ncbi.nlm.nih.gov/books/N
BK9998/ (Accessed March 18, 2015).

12. Giusti, Ruthann M., Kumiko Iwamoto, and Elizabeth E. Hatch. ”Diethylstilbestrol revisited: A
review of the long term health effects.” Annals of Internal Medicine 122 (1995): 778–88.

13. Herbst, Arthur L., and Robert E. Scully. ”Adenocarcinoma of the vagina in adolescence. A
report of 7 cases including 6 clear-cell carcinomas (so-called mesonephromas).” Cancer 25
(1970): 745–7. http://onlinelibrary.wiley.com/doi/10.1002/1097-0142(197004)25:4%3C745::
AID-CNCR2820250402%3E3.0.CO;2-2/epdf (Accessed March 10, 2015).

14. Huggins, Charles, and Clarence V. Hodges. ”The effect of castration, of estrogen and of an-
drogen injection on serum phosphatases in metastatic carcinoma of the prostate.” Cancer Re-
search 1 (1941): 293–7. http://cancerres.aacrjournals.org/content/1/4/293.full.pdf+html (Ac-
cessed March 10, 2015).

15. Ingle, James N., David L. Ahmann, Stephanie J. Green, John H. Edmonson, Harry F. Bisel, Larry
K. Kvols, William C. Nichols, Edward T. Creagan, Richard G. Hahn, Joseph Rubin, and Stephen
Frytak. ”Randomized clinical trial of diethylstilbestrol versus tamoxifen in postmenopausal
women with advanced breast cancer.” New England Journal of Medicine 304 (1981): 16–21.

16. Kuchera, Lucile Kirtland. ”Postcoital contraception with diethylstilbestrol.” Journal of the
American Medical Association 218 (1971): 562–3.

17. The Leuprolide Study Group. ”Leuprolide versus diethylstilbestrol for metastatic prostate can-
cer.” New England Journal of Medicine 311 (1984): 1281–6.

18. Meyers, Robert. D.E.S.: The Bitter Pill. Toronto: General Publishing Co., 1983.
19. Nobel Prize. ”Charles B. Huggins--Facts.” Nobel Media http://www.nobelprize.org/nobel_pri

zes/medicine/laureates/1966/huggins-facts.html (Accessed April 29, 2014).
20. Nobel Prize. ”Peyton Rous--Facts.” Nobel Media http://www.nobelprize.org/nobel_prizes/medi

cine/laureates/1966/rous-facts.html (Accessed April 29, 2014).
21. Raun, Arthur P., and Robert L. Preston. ”History of diethylstilbestrol use in cattle.” Journal of

the American Society of Animal Science (2002). https://www.asas.org/docs/publications/raunh
ist.pdf?sfvrsn=0 (Accessed March 10, 2015).

22. Schrager, Sarina, and Beth E. Potter. ”Diethylstilbestrol exposure.” American Family Physician
69 (2004): 2395–400. http://www.aafp.org/afp/2004/0515/p2395.html (Accessed March 10,
2015).

23. Sindell v. Abbott Laboratories, 26 Cal. 3d 588, 607 P.2d 924 (1980). http://scholar.google
.com/scholar_case?case=3206462791271114084&q=related:ZOU4i-ukfywJ:scholar.google.c
om/&hl=en&as_sdt=806 (Accessed April 29, 2014).

24. Smith, Olive Watkins, and George V. Smith. ”Use of diethylstilbestrol on the progress and
outcome of pregnancy is based on a comparison of treated with untreated primigravidas.”
American Journal of Obstetrics and Gynecology 58 (1949): 994–1009.

25. Titus-Ernstoff, Linda, Elizabeth E. Hatch, Robert N. Hoover, Julie R. Palmer, E. Robert Green-
berg, Winnie Ricker, Raymond H. Kaufman, Kenneth L. Noller, Arthur L. Herbst, Theodore
Colton, and Patricia Hartge. ”Long-term cancer risk in women given diethylstilbestrol (DES)
during pregnancy.” British Journal of Cancer 84 (2001): 126–33. http://www.ncbi.nlm.nih.gov

4

http://www.jstor.org/stable/81817
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3140020/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3140020/
http://www.ncbi.nlm.nih.gov/books/NBK9998/
http://www.ncbi.nlm.nih.gov/books/NBK9998/
http://onlinelibrary.wiley.com/doi/10.1002/1097-0142(197004)25:4%3C745::AID-CNCR2820250402%3E3.0.CO;2-2/epdf
http://onlinelibrary.wiley.com/doi/10.1002/1097-0142(197004)25:4%3C745::AID-CNCR2820250402%3E3.0.CO;2-2/epdf
http://cancerres.aacrjournals.org/content/1/4/293.full.pdf+html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1966/huggins-facts.html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1966/huggins-facts.html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1966/rous-facts.html
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1966/rous-facts.html
https://www.asas.org/docs/publications/raunhist.pdf?sfvrsn=0
https://www.asas.org/docs/publications/raunhist.pdf?sfvrsn=0
http://www.aafp.org/afp/2004/0515/p2395.html
http://scholar.google.com/scholar_case?case=3206462791271114084&q=related:ZOU4i-ukfywJ:scholar.google.com/&hl=en&as_sdt=806
http://scholar.google.com/scholar_case?case=3206462791271114084&q=related:ZOU4i-ukfywJ:scholar.google.com/&hl=en&as_sdt=806
http://scholar.google.com/scholar_case?case=3206462791271114084&q=related:ZOU4i-ukfywJ:scholar.google.com/&hl=en&as_sdt=806
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2363605/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2363605/


/pmc/articles/PMC2363605/ (Accessed March 10, 2015).
26. United States Food and Drug Administration. ”FDA drug experience monthly bulletin: Diethyl-

stilbestrol contraindicated in pregnancy.” California Medicine 116 (1972): 85–6. http://www.
ncbi.nlm.nih.gov/pmc/articles/PMC1518220/pdf/califmed00122-0115.pdf (Accessed March 9,
2015).

27. Zuger, Abigail. ”At what height, happiness? A medical tale.” New York Times, July 27, 2009,
Health Section. http://www.nytimes.com/2009/07/28/health/28book.html (Accessed April 29,
2014).

5

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2363605/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1518220/pdf/califmed00122-0115.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1518220/pdf/califmed00122-0115.pdf
%20http://www.nytimes.com/2009/07/28/health/28book.html

	Sources

