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Adverse Health Outcomes in Women 
Exposed In-Utero to Diethylstilbestrol
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Far-ranging Impact

• First identified transplacental carcinogen
• Laboratory model for late effects of hormones and other agents

o Gestation
o Early-life

• Endocrine disruptors
• Epigenetic changes

o Programming genes
o Controlling cell differentiation

• Transgenerational carcinogenesis
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Typical DES Advertisement

• Ad appeared in a major medical 
journal in 1957 

• “…to prevent ABORTION, 
MISCARRIAGE and 
PREMATURE LABOR”

• “Recommended for routine 
prophylaxis in 
ALL pregnancies... 
96 per cent live delivery with 
desPLEX in one series of 1200 
patients - bigger and stronger 
babies, too." 
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Other Outcomes of Concern

• Other cancers
o Breast
o Other gynecologic

• Many other adverse outcomes suggested



Combined Cohort Study of Gestational 
DES Exposure

Eligible Participants
Exposed Unexposed

Mothers

4 cohorts, 7 centers 5441 4036
Sons

4 cohorts, 5 centers 2001 2111
Daughters

4 cohorts, 9 centers 5067 2387
DESAD 4009 1032
Dieckmann 414 393
Women’s Health Study 331 719
Horne 313 243

Granddaughters
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Twelve Adverse Health Outcomes Associated 
with In-Utero Exposure to DES in the 

Combined Cohort Study of DES Exposure

•Clear-cell Vaginal Cancer
•Cervical Dysplasia (CIN2+)
•Breast Cancer

•Infertility

•Premature Menopause

•Spontaneous Abortion
•Ectopic Pregnancy
•Second Trimester Pregnancy Loss

•Preeclampsia
•Pre-term Birth
•Stillbirth
•Neonatal Death



Hazard Ratios for Adverse Health Outcomes 
in Women with and without DES Exposure

Hoover RN et al. N Engl J Med 2011;365:1304-1314

Adverse Outcome Hazard Ratio 
(95% CI)

Clear-cell adenocarcinoma 39 (15 to 104)
Breast cancer at  40 yr 1.82 (1.04 to 3.18)
Cervical intraepithelial neoplasia, grade  2 2.28 (1.59 to 3.27)
Infertility 2.37 (2.05 to 2.75)
Spontaneous abortion 1.64 (1.42 to 1.88)
Ectopic pregnancy 3.72 (2.58 to 5.38)
Loss of second-trimester pregnancy 3.77 (2.56 to 5.54)
Preterm delivery 4.68 (3.74 to 5.86)
Preeclampsia 1.42 (1.07 to 1.89)
Stillbirth 2.45 (1.33 to 4.54)
Neonatal death 8.12 (3.53 to 18.65)
Early menopause 2.35 (1.67 to 3.31)
Hoover RN et al. N Engl J Med 2011;365:1304-1314



Cumulative Risks of  Adverse Health Outcomes in Women with and without 
DES Exposure and the Excess Risk Due to Exposure
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Cumulative 
Risk

Exposed
percent

Cumulative 
Risk

Unexposed
percent

Excess Risk
(95% CI)

Adverse Outcome

Clear-cell adenocarcinoma 0.1                    0.0              0.1 (0.0 to 0.3)

Cervical intraepithelial neoplasia, grade  2                        6.9                    3.4              3.5 (1.5 to 5.4)

Breast Cancer at  40 yr                                                  3.9                    2.2              1.7 (-1.4 to 4.7)



Vaginal Adenosis:
Effective Biologic Dose Marker?

• Persistent Mullerian columnar 
epithelium in the anterior wall and 
upper 1/3 of vagina

• Manifestation of maternal DES 
exposure

• Red, granular patches

• Precursor of clear cell 
adenocarcinoma 



Cumulative Risk: Any Outcome by VEC



Cumulative Risk of  Breast Cancer  age 40 
by DES Exposure and Vaginal Adenosis
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Conclusions



Lessons to be (Re)Learned

• We need clinical trials.

•Early life and gestation are vulnerable time periods.

•“Alert clinicians” and “alert mothers” notice the unusual.

•We need systematic, long-term post-marketing surveillance.



NCI DES Combined Cohort Study  
Steering Committee



Hazard Ratios for In Utero Exposure to 
DES and Any Adverse Outcome by Date

HR 95% CI

Total 2.08 1.89-2.28

< 1976 2.17 1.75-2.69



Number of Cases, Hazard Ratios, and Confidence 
Intervals for In-Utero Exposure to DES

# of Cases HR 95% C.I.

Overall 707 2339 2.08 1.89‐2.28
DESAD 328 1976 1.99 1.77-2.24

Dieckmann 125 206 2.17 1.73-2.72

WHS 254 187 2.12 1.75-2.56

ANY RISK

# of  Cases HR 95% C.I.

Unexposed Exposed

Overall 707 2339 2.08 1.89-2.28



Controlled Clinical Trials of 
DES in Pregnancy

Study # of  subjects Results

+ 
DES

-
DES

Swyer et al., (1953) 233 227 No effect: Preeclampsia, prematurity

Dieckmann et al., (1953) 840 806 No effect: Spontaneous abortion, 
preeclampsia, stillbirth, neonatal 
death, prematurity, birthweight

British MRC, (1955) (Diabetics) 76 71 No effect: fetal loss, stillbirth, neonatal 
death

Ferguson (1953) 190 203 No effect: Preeclampsia, prematurity, 
spontaneous abortion, fetal weight or 

survival

*Increased Risk: Spontaneous abortion (p=0.04), Neonatal death (p=0.01),    
Prematurity (p=0.03)

Berendes H. (1993) Cont Clin Trials

*



Cumulative Risks of  Adverse Health Outcomes in the DESAD and Dieckmann 
Cohorts, According to DES Exposure Status, and in the DES-Exposure Group, the 
Presence or Absence of  Vaginal Epithelial Changes (VEC) at Entry Examination
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