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PRENATAL EXPOSURE TO STILBESTROL
A Prospective Comparison of Exposed Female Offspring with Unexposed Controls

ARTHUR L. HERBsT, M.D., Davip C. Poskanzer, M.D., STantey ]J. Rossoy, M.D,,
LawreNnce Friepranper, M.D., anp RoBerT E. ScutLy, M.D.

Abstract The effects of prenatal exposure to diethyl-
stilbestrol were studied by a prospective cohort investi-
gation of 110 exposed and 82 unexposed females. The
general health characteristics of mothers and daugh-
ters in both groups were similar. Among the exposed,
there were striking benign alterations of the genital
tract, which included transverse ridges (22 per cent),
abnormal vaginal mucosa (56 per cent), and biopsy-
proved adenosis (35 per cent). Among the unexposed
there were no ridges and one case of vaginal mucosal

IN 1971 a case-control epidemiologic investigation as-
sociated the recent occurrence of clear-cell adenocarci-
noma of the vagina in young women with intrauterine ex-
posure to diethylstilbestrol administered to their mothers
for the therapy of high-risk pregnancies.! The results of
this investigation were soon confirmed,? and since then,
over 170 cases of vaginal and cervical clear-cell adenocar-

cinomas have been collected, with a definite history of ma- -

ternal exposure to non-steroidal estrogens in 65 per cent
of the investigated cases.® Although these carcinomas
have been encountered only rarely in females exposed to
diethylstilbestrol, a variety of other abnormalities of the
lower genital tract have been reported to occur with great
frequency. These include vaginal adenosis (the presence
of glandular epithelium in the vagina), cervical erosion, or
ectropion (glandular epithelium on the portio of the cer-
vix), and transverse fibrous ridges in the vagina and on the
cervix (“cervical pseudopolyp,” “cockscomb cervix,” or
“cervical hood”).*# Although most of these abnormalities
were known to occur rarely in the prestilbestrol era, their
prevalence inunexposed women examined as carefully as
those who have been exposed has not been established.
The present study was undertaken to compare the results

of epidemiologic, clinical, and pathological investigations

of exposed women with those of unexposed controls, as
well as to ascertain the current status of the exposed post-
menarchal women whose mothers had been treated in the
Boston Lying-in Hospital Diethylstilbestrol Clinic be-
tween 1947 and 1958.

MaTERIALS AND METHODS

Identitication ot Exposed and Control Subjecls

Through the generous cooperation of Drs. Olive and George
van S. Smith, accurate research records of the 841 mothers treat-
ed in the Diethylstilbestrol Clinic of the Buston Lying-in Hospital
between 1947 and 1938 were made available to us. These records
contain hoth the dutes of all the pregnancies and the details of

From the Viacen: Memortai Huspital (G ynecological Service of the Mus-
sachusarss General Hospitul)and the James Homer Wright Pathology Labo-
ruderies, M ssachusetts General Hospital (address repriat requests to Dr,
Harpst at the Adenocurcinoma Registry, Warren 273, 275 Charles St..
Bostun, MAN2LS,

Supported in purt by agrant{ RO CAT3139:0) from the Nationu! Canver
Insutute nd a grunt i ET-52) from the American Cancer Society (Dr, Rub-
boyisajunior facuity fefiow of the Amerivan Cancer Socisty).

abnormality including adenosis (p < 0.0001). Abnormal
cervical epithelium occurred in aimost all exposed sub-
jects butin only half the unexposed {p < 0.0001). The in-
cidence of vaginal adenosis was highest when diethyl-
stilbestrol was begun in early pregnancy. It was not de-
tected when treatment was initiated in the 18th week or
later. Oral contraceptive use and prior pregnancy were
associated with less adenosis and erasion, respectively
(p <0.05). No cases of cancer were cbserved. (N Engl
JMed 292:334-339, 1975)

therapy. The drug was administered according to a standard
schedule, with the dosage depending on the week in pregnancyin
which the therapy was started. During or before the sixth week,
2.5 mg daily wasgiven, increasing to 3 mg in the seventh week. An
additional 5 mg was administered every two weeks until the 15th
week, when 25 mg per day was prescribed. The daily dosage was
then increased by 25 mg each month, reaching a maximum of 150
mg. All the mothers began therapy belore the 23d week, and the
drug was discontinued at the end of the 35th week.%1® We as-
signed a random number to each diethylstilbestrol pregnancy,
and, starting with the lowest assigned number, located the hos-
pital birth records and then traced the parents of each female
offspring. Telephone books and city directories were consulted,.
and the generous assistance of the Massachuseus Registry of
Motor Vehicles was obtained. The correct identity of the mother
was then verified by telephone or letter, and an examination of
her female offspring was offered without charge if she lived
within approximately 1000 kmof Boston.

We selected the control group simultaneously by examining
the hospital birth records and identifying an unexposed female
who was born on the clinic service closest in time to (and always
within five days of) each exposed female. It was further required
that the mother's initial visit to the prenatal clinicoccur before the
23d week of gestation. The controlled portion of the study was
limited to white women 18 years of age or older, for several rea-
sons. First of all, it appeared unreasonable to request healthy,
unexposed girls under the age of 18 years to be examined.
Secondly, since all but five exposed subjects were white, it was de-
cided to limit the controlled portion of the study to whites. Final-
ly, it was not possible within the hospital database to match mater-
nal gravidity and parity and still find an adequate number of un-
exposed subjects. Therefore, these factors were not controlled.
The same technics used to find exposed subjects were used to lo-
cate controls. The results of the examination and tests with ap-
propriate recommendations for follow-up observation were sent
by letter to the subject and her physician. In addition to those in-
cluded in the controtied study. all exposed post-menarchal sub-
jects who could be located were offered appointments. to be cer-
tain that they would be examined by a physician. This precaution
also permitted analysis of a larger number of cases in the second,
uncontrolled poriion of this investigation.

Investigation of the Subjects

Special clinics at each of which six to eight subjects were ex-
amined were conducted over an [3-month peried. The two
research aaalvsts who identified and conununicated with the
mothers und their daughters knew which of the Lutier had a his-
wry of exposure tedieths stithesteot, buethis information was not
available to those who performed the physical. parhological, or
cvtologic examitations. The maternud health histories were ob-
tined by personal or telephonie interview by the two research
andabist, Fach subject’s medical history was obtiined by the ex-
amining physician, and athorough general physical examination
was performed, followed by o pelvic examination that included

PARTIAL DOCUMENT
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both a scrape of the vaginal mucosa and a pool aspiration for
cytologic testing and careful inspection, palpation, and iodine
staining of the vagina and cervix. Areas that appeared red or
otherwise abnormal or that failed to stain with iodine solution
were recorded and biopsied. Rectangular pieces of tissue up to 3
mm in diameter were obtained for microscopical examination
with the use of either the Younge or the Kervorkian punch.

Pathologicat Evaluation of Tissue

Biopsies from the fornices of the vagina or areas distal toit were
classified as vaginal. Those from the cervix or from fibrous ridges
on or in apposition to the cervix (cervical rim or hood) were
classified as cervical. Atleast five slides were prepared from each
specimen; two were stained with hematoxylin and eosin, and one
each with mucicarmine and periodic-acid-Schiff with and with-
out diastase,

Analysis of Data

In the controlled portion of the study, the findings in the ex-
posed and unexposed subjects were compared statistically by chi-
square analysis. In the second portion of the study, the variation
in the incidence of vaginal adenosis as a function of the time of
initiation of diethylstilbestrol therapy during pregnancy was ex-
amined by testing for a linear trend in proportions.!* The find-
ings among the exposed subjects were analyzed further by the use
of a multiple logistic model*? to provide estimates of the effect of
several independent variables (log of diethylstilbestrol dosage,
week during pregnancy ol initiation of therapy, age, history of
intercourse, use of oral contraceptives, and pregnancy history of
the subject) on three dependent variables (vaginal adenosis,
failure of iodine staining of the vagina, and cervical erosion). This
method enabled the testing of the effect of one or more in-
dependent variables after adjustment for effects of a different in-
dependent variable —e.g., the effect of use of oral contraceptives
on the presence of vaginal adenosis, with adjustment for the week
in pregnancy during which diethylstilbestrol therapy was begun.

REesuLTs

Investigation of 110 Exposed and 82 Control Subjects 18
to 25 Years of Age

Epidemiology (subjects and parents). The 841 pregnancies
of mothers treated in the Clinic yielded 731 viable births
{407 male and 324 female). Among the 324 female sub-
jects, there were 267 white women 18 years of age or older,
who were compared to 267 unexposed women for the
control portion of the study. As shown in Table 1, al-
though 192 of the exposed and 203 of the unexposed were
located, only 110 exposed and 82 unexposed women
agreed to be examined. Among these, 66 per cent were 24
to 23 years and the remainder were 18 to 23 years of age.
Because only those who were willing to participate in the
study could be examined, it is possible that bias was intro-
duced by the greater reluctance of the unexposed women
to accept an examination. However, a comparison of the
characteristics of the exposed and the unexposed subjects
and those of their parents revealed a surprisingly close
correspondence (Table 2). Sociologic factors such as ma-
ternal education and family social class were similar.

Table 1. Results of Search for White Subjects 18 Years of Age

or Oider.
Groue No. or Mosters No. Fousn No. oF
wirn Fesae Crnpres DavGHreks Examisen
Exposed 267 192 110
Controls 267 203 82
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There was no difference in the maternal histories of seri-
ous illnesses, including cancer. Likewise, no differences
were noted in the health histories of the exposed and the
control daughters, none of whom had cancer; both
groups were also similar in age at onset and frequency of
menstruation. The reproductive histories of both groups
ol daughters were alsosimilar.

Physical examination. Between the two groups of subjects
several dilferences that did not achieve statistical signifi-
cance were noted on general physical examination. Ab-
normalities detected included scoliosis (three exposed),
Charcot—Marie—Tooth disease (one exposed), and car-
diac murmurs that were interpreted as organic (nine ex-
posed and seven control). There was a ditierence in the
height (160.5 cm exposed vs. 158.2 cm control, p < 0.05)
but not in the weight (60.0 kg vs. 56.9 kg respectively)orin
the ponderal index, which integrates weight as a factor of
height (12.6 vs. 12.7 respectively). Otherwise, the general
physical characteristics of the exposed and control sub-
jects were similar. ’

Pelvic examination. No differences were detected in the
appearance of the external genitalia, or in the estimated
sizes of the uterus or the ovaries. Vaginal examination,
however, revealed numerous differences between the two
groups that were highly significant statistically (Table 3).
Transverse fibrous ridges of the vagina and cervix were
seen in 22 per cent of the exposed females, but in none of
the controls. These ridges usually appeared as transverse
bands in the upper vagina or near the cervix. They oc-
casionally obliterated the vaginal fornices and often ob-
scured the boundary between the vagina and cervix. Fail-
ure of portions of the vaginal mucosa to stain with iodine
solution was observed in over half (56 per cent) the ex-
posed subjects but in only 1 per cent of the controls. Some
of these abnormal areas appeared red in the exposed sub-
jects before iodine staining, but red areas in the vagma
were not observed in the controls. Also, failure of portions
of the cervix tostain with iodine was noted almost twice as
often in the exposed (95 per cent) as in the control subjects

Table 2. Characteristics of Exposed and Control Populations
That Were Not Significantly Different.*

CHARACTERISTIC

Parents:
Educationof mother(11.8vs11.9yr)
Maternal smoking
Paternal smoking
Socialclass
Maternal history of surgery
Maternal history of cancer or seriousiliness

Daughters:
Intrauterine exposure to x-rays
Lengthof gestation
Birthweight(3120vs 3200 ¢)
Breust freding
Smoking
Onsetof menses(12.7vs 12.5yr)
Frequency of menses
Useof oral contraceptives (37 vs 38%)
No. who hid been pregnant (46 vs 52%)
No. who produced viable births (23 vs 28%7)
History of surgery
History of cancer or serious illness

*ALDOS levelorless.
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Table 3. Results of Pelvic Examinations.

Grove Nusaer Faiere  Vacivar  Fanuae  Cervicaw Vacivag ok
Examivedp oF Paar  Apevosis  or Part  Exosion  CervicaL

oF foexrisieo of Cervix [oexrivizn  Fismous
Vacisa v Blorsy ToStaly v Blorsy  Rioces
TOSTAIN  SreCiMEN WITH  SPECIMEN (%)
with {%)* Topwve (%)
looine (%)
%)
Exposed 110 56 35 95 35 b2
Control 82 1 1 49 38 0
chi-square 64.8 334 52.5 47 20.4
p value <0.0001 <0.0001 <0.000f <0.0001 <0.0001

*Biopsies taken fromareas that appeared red or failed to stain with iodine solution,

(49 per cent). Red areas on the cervix were seen before io-
dine staining inboth groups.

Pathology. Vaginal adenosis was detected by biopsy in 35
per cent of the exposed but only 1 per cent of the con-
rol subjects. In the former the adenosis was usually
multifocal. On microscopical examination it was charac-
terized by the presence of a single layer of mucinous col-
umnar cells of endocervical type or a single or pseu-
dostratified layer of cells that resembled endometrial and
tubal epithelial cells. The latter cells were often ciliat-
ed; most of them had dark, deeply eosinophilic cytoplasm,
but some had clear cytoplasm. In occasional cases, minor
degrees of atypicality or loss of polarity of the nuclei were
observed. The columnar epithelium lined the surface of
the vagina or formed glands in the lamina propria (Fig. 1).
Often, the glands were largely or totally replaced by solid
masses of squamous epithelium (squamous pegs), which
were continuous with the surface squamous epithelium
(Fig. 1); the epithelium both in the pegs and on the sur-
face was almost always composed of glycogen-poor or
glycogen-free hasal and pricklie cells. This characteristic of
the squamous cells or in some cases the replacement of
the surface squamous epithelium by a layer of glandular
epithelium accounted for the lack of staining with iodine.
Two histologic variants of adenosis that were observed in
the squamous pegs or in the surface squamous epithelium
were droplets of mucin within individual squamous cells

Figure 1. Vaginal Adenosis (Hematoxylin and Eosin Stain).
Glands with cifiated dark cells that resemble the endometrial
or tubal lining tie in the lamina propria and merge in areas
with squamous pegs (arrow). Both the squamous epithelium
that lines the surface of the vagina and the sauamous pegs
continuous with it are composed of glycogen-free basal and

prickle cells.
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(Fig. 2) and small pools of mucin surrounded by tall to in-
conspicuously flat cells with mucinous cytoplasm (Fig. 3).
The mucin droplets and pools, which sometimes became
apparent only after mucin staining, were present in 74
per cent of the subjects with adenosis and were the only
evidence of itin 29 per cent of these cases (8 per cent of all
the exposed subjects). Squamous pegs were observedin 76
per cent of the exposed subjects with biopsy-proved ade-
nosis. Although pegs were observed in the vaginal biop-
sies of 16 per cent of the exposed subjects without adeno-
sis, they were not observed in the unexposed.

Adenosis was detected in only one control, and it dif-
fered from the typical form of the disorder in the exposed
subjects. In that case a single cystic gland lined by mu-
cinous epithelium lay in the lamina propria; the overlying
squamous epithelium was normally glycogenated, and no
squamous pegs wereseen.

Figure 2. Vaginal Adenosis (Mucicarmine Stain).
In the tissue slide the mucin droplet (arrow) is bright red,
whereas the nuclei of the cells are brown-black, and the cyto~
- plasmpale yeliow.

In contrast to vaginal adenosis, the cervical erosions
were morphologically similar in the exposed and the con-
trol subjects, being characterized by an epithelium that
was almost always mucinous; cells of tubal or endometrial
type were only occasionally seen. The glandular epitheli-
um lay on the surface, sometimes covering micropapillae,
or lined glands in the Jamina propria. There were, how-
ever, quantitative differences in the erosions of the two
groups of subjects. Squamous pegs were more frequent in
the cervical biopsies of the exposed (43 per cent) than in
the control series {6 per cent). Also, mucinous droplets
and pools were more commonly encountered in the for-
mer.

Cytology. Quantitative differences also existed in the
cytologic specimens of the two groups. In the vaginal
scraping, columnar cells, metaplastic squamous cells,
squamous cells containing mucous droplets. or dysplastic
cells were found in 9 per cent of the exposed subjects (11
per cent in those with adenosis and 7 per cent in those
without), in contrast to | per cent of the conwrols. In the
aspirates of the vaginal pool. these abnormalities were also
observed more {requently in the exposed (19 per cent)
than in the control subjects (9 per cent). being present
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Figure 3. Vaginal Adenosis (Mucicarmine Stain).

One pool of mucin is surrounded by flat cells with mucinous

Cytoplasm that were obvious onily with mucin stains (upper

left), whereas a second pool is surrounded by cells with

foamy cytoplasm obvious both with hematoxylin and eosin
and with mucicarmine stains (fower right).

in 27 per cent of the exposed girls with biopsy-proved
adenosis. Although mild squamous-cell dysplasia was ob-
served in the vaginal scrapings from three exposed sub-
jects and in the vaginal aspirate from a fourth, this change
was not confirmed in any by multiple punchbiopsies.

Other factors. The increased occurrence of adenosis,
erosion, non-iodine-staining areas, and ridges in the ex-
posed in comparison to the unexposed subjects was in-
vestigated further to determine whether other features
(e.g., intrauterine x-ray exposure, smoking by parents
and daughters, or maternal medications other than di-
ethylstilbestrol) could have also had a role. No associa-
tion with any factor other than intrauterine diethylstil-
bestrol could be identified.

Investigation of the Total Exposed Population of 133
Subjects (13 to 25 Years of Age)

Eighteen exposed white female subjects 13 to 17 and
five non-white subjects 19 to 24 years of age were also ex-
amined, and the findings were combined with those of the
110 exposed subjects from the controlled study to provide
the results of the investigation of all the post-menarchal
females from the Diethylstilbestrol Clinic who agreed to
be examined. Non-iodine-staining areas of the vugina
were detected in 80 (60 per cent). and biopsy-proved
adenosis in 19 (37 per cent). Non-iodine-staining epi-
thelium was found on the cervix in 126 (95 per cent),

80171112
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and biopsy-proved erosion or ectropion in 112 (84 per
cent). Fibrous ridges of the vagina and cervix were found
in 28 (21 per cent) of the subjects, No cases of cancer were
detected. Only seven (5 per cent) of the subjects had pelvic
examinations that were normal on inspection and after
staining with iodine solution.

Table 4 examines the relation betweén the week of ini-
tiation of diethylstilbestrol therapy and the proportion of
subjects having abnormalities of the vagina or cervix. Vag-
inal adenosis was more frequent in those daughters whose
mothers began diethylstilbestrol in early pregnancy. It
was observed in 73 per cent of subjects initially exposed
during the first two months of pregnancy, butin only 7 per
cent of the 30 initially exposed in the 17th week or later
(Table 4). None of 19 subjects whose mothers began
therapy in the 18th week or later were found to have ade-
nosis. The linear regression of the proportion of those
found to have adenosis with respect to the month of initia-
tion of therapy was highly significant (p < 0.001).** Simi-
larly, cervical erosion was more frequent when therapy
was begun in early pregnancy, but the regression (p <
0.01) was not as striking as for vaginal adenosis (Table 4).
Thisresult canbe explained in partby the fact that cervical
erosion often occurs in the absence of diethylstilbestrol ex-
posure (Table 3). No association was demonstrated

between the time of initiation of therapy and the presence

of vaginal or cervical fibrous ridges, and one ridge was de-
tected in a subject whose mother began treatment aslateas
the 21st week. The location and appearance of the ridges,
however, varied to some extent with the time therapy was
initiated. Nine of the 10 daughters with ridges who were
exposed before the 12th week had a concentric ridge sur-
rounding the external os of the cervix, with the formation
of a pseudopolyp; the 10th had a transverse narrowing in
the upper vagina. Both pseudopolyps and cervical ridges
that were only partly circumferential were observed in
subjects exposed between the 13th and 16th weeks of
gestation. None of the four with ridges whose mothers
started treatment in the 17th week of pregnancy or later
had a cervical pseudopolyp, but all had partial ridges on
the cervix or in the vagina. Because the mothers who were
treated in the Diethylstilbestrol Clinic maintained a strict
and identical dosage schedule, the total dosage of
maternal medication was directly related to the time in
pregnancy diethylstilbestrol was begun, so that it was im-
possible in this study to separate the effect of dosage from
that of the onset of medication.

The analysis by the use of a multiple logistic model 2 re-
vealed no correlation of vaginal or cervical abnormalities
with the age of the subjects at the time of examination or
with their sexual histories. As individual factors, the

Table 4. Frequency of Abnormalities in 133 Exposed Subjects
in Relation to Week of tnitiation of Diethylstilbestro! Therapy
During Pregnancy.

Wk ToraL Nusper VaciNae CervicaL Rioce (%)
ADENOSS (F) Erosion (%)
=8 2 73 100 23
9-12 39 49 92 28
13-16 42 29 81 19
>17 30 7 70 13




338 THE NEW ENGLAND JOURNAL OF MEDICINE

age of the subjects at the time of examination, as well asthe
week in pregnancy in which diethylstilbestrol was begun,
did affect the incidence of adenosis. However, the moth-
ers of the younger subjects began diethylstilbestrol earlier
in pregnancy, resulting in a high correlation between sub-
jectage and the week of initiation of maternal medication.
After adjustment of the incidence of adenosis for the week
in which diethylstilbestrol was started, there was no re-
sidual effect owing to the age of the subjects. Vaginal
adenosis, when adjusted for the week in which the
estrogen was started, was detected less frequently in pa-
tients who had used oral contraceptives (chi-square =
5.05, p < 0.05), but the use of oral contraceptives had no
effect on the frequency of non-iodine-staining areas in the
vagina. Cervical erosion, adjusted for the week in which
diethylstilbestrol was started, was less frequent among
those who had been pregnant (chi-square = 5.44, p <
0.05). Pregnancy did not affect the incidence of vaginal
adenosis or of non-iodine-staining areas in the vagina.

Discussion

The results of this investigation of diethylstilbestrol-
exposed and unexposed female subjects are consistent
with previous uncontrolled observations that vaginal ade-
nosis as well as transverse vaginal and cervical ridges are
very rare in young females in the absence of intrauterine
exposure to diethylstilbestrol.*-¢ Although cervical abnor-
malities (failure of the portio mucosa to stain with iodine
and erosion) were encountered in almost all the exposed
subjects in this study, these findings were less specific, be-
ing present in about half the controls. There were no sig-
nificant differences between the exposed and control
groups in postnatal medical histories, including the onset
and frequency of menstrual bleeding. These limited data
suggest that ovarian function is not altered, at least in the
first three decades of life, as a result of prenatal exposure
to diethylstilbestrol. Similarly, the fact that there was no
significant difference in health histories of the mothers
in each group up to the present time, including the devel-
opment of cancer after the ingestion of diethylstilbes-
trol, suggests that the medication did not affect their
health. This interpretation, however, is based only on
interview histories and not on physical or laboratory ex-
aminations.

The gynecologic and pathological findings of the pres-
ent study were based on inspection, iodine staining, cyto-
logic sampling and biopsies of the vagina and cervix. In
view of the fact that scraping the vagina yielded cells com-
patible with vaginal adenosis (columnar cells or mucin
droplets within squamous cells) in only 11 per cent of the
cases of adenosis, and aspiration of the vaginal pool in only
27 per cent, cytology must be considered unreliable as a
screening test for this disorder. Nevertheless, the identifi-
cation of these cell types in a routine vaginal-pool aspira-
tion, as well as the failure of the vagina to stain with iodine
during a pelvic examination, should raise a high index
of suspicion of diethylstilbestrol exposure in a young
woman, who may be unaware of her prenatal history. The
additional performunce of mucin staining of biopsy speci-
mens of the vagina facilitates the detection of mucin
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droplets and pools in squamous epithelium, permitting
the pathologist to recognize adenosis more easily than
with the use ol routine hematoxylin and eosin stains alone.

The failure to detect vaginal adenosis in any subject
whose mother began therapy during the 18th week of
pregnancy or later suggests that this disorder is con-
genital, reflecting a derangement of vaginal development
related to the action of diethylstilbestrol before that
time.'? This observation correlates well with data from the
Regisiry of Clear-Cell Adenocarcinoma of the Genital
Tract in Young Females, in which no cancers have yet
been uncovered in female subjects exposed to diethylstil-
bestrol or similar drugs later than the 17th week of gesta-
tion.? Although it was not possible from the current study
to separate the effects of the total dosage of diethylstil-
bestrol from the time of its initiation during pregnancy,
previous uncontrolled studies* as well as data from the
Registry® have provided evidence that neither adenosis
nor carcinoma s dose related, within the wide range of the
amounts of diethylstilbestrol that are known to have been
prescribed.

The incidence of vaginal adenosis that has been report-
ed in diethylstilbestrol-exposed female subjects has var-
ied. For example, Stafl and his associates® found itin 57 of
63 exposed subjects on colposcopic and biopsy examina-
tion. Their resultsare in contrast with those of Townsend,
who also used the colposcope but demonstrated adenosis
in only 30 per cent of 286 exposed females; he identified a
metaplastic squamous transformation zone correspond-
ing to non-iodine-staining areas of the mucosa in an addi-
tional 30 per cent (personal communication). These re-
sults are similar to those of the present study, in which the
method of examination was palpation and iodine staining
followed by biopsy of abnormal areas. Some of the report-
ed variations in incidence of adenosis may be related to
differing estimates by the examiners of the boundary
between the vagina and the cervix, which may be difficult
to define in the presence of ridges, as well as differencesin
histologic terminology, the time of initiation of diethylstil-
bestrol therapy, and the population examined (e.g., unse-
lected, asymptomatic, exposed subjects vs. symptomatic
patients or those referred because of abnormalities noted
by other physicians).

A proposed mechanismby which intrauterine exposure
to diethylstilbestrol acts to result in vaginal adenosis is in-
hibition of the normal replacement of the embryonic
miillerian epithelium of the vagina by the upgrowing
squarmnous epithelium of the vaginal plate, which may be of
either wolltfian or urogenital-sinus origin.** Normally, in
the unexposed mature female, the transformation zone
between the two tvpes of epithelium is at or near the ex-
ternal os of the cervix. It has been suggested that cervical
erosion and vaginal adenosis in exposed subjects repre-
sent simply an increasingly more distal positioning of the
transformation zone onto the cervical portio and vagina,
respectively.® If this hypothesis were true. one might ex-
pect that cervical erosion and vaginal adenosis would be
identical on histologic examination, but differences do
exist. For example, in the biopsy specimens of cervical
crosion in the present investigation, almost all the glan-
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dular epithelial cells had the appearance of mucinous cells
of the endocervix, whereas in vaginal adenosis, many of
them resembled those of the endometrium or fallopian
tube. These findings suggest that the pathogenesis of cer-
vical erosion and vaginal adenosis may not be identical,
and that the two processes may differ in biologic behavior
onlong-term investigation.

The data from the current study indicate a decreased
frequency of vaginal adenosis in exposed subjects who
have used oral contraceptives. This apparent healing
might be related to the progestational component of these
agents, in view of the suggestive evidence provided by are-
cent pilot study that healing of vaginal adenosis is promot-
ed by the use of progesterone-theobroma oil supposito-
ries.” However, in spite of these preliminary findings, we
have not advised the routine use of these agents because of
the uncertainty regarding their long-term effects. The
decreased frequency of cervical erosions observed in the
exposed subjects in this study who had been pregnant
might have been due to cervical caurerization after de-
livery, rather than to the effects of the pregnancy itself, but
the inaccurate histories of that procedure did not allow
testing of this hypothesis.

It has been suggested that replacement of glands by
squamous epithelium may be a mechanism by which vagi-
nal adenosis and cervical erosion heal,*?1415 and because
metaplastic squamous epithelium was observed frequent-
ly, it was anticipated that these disorders might be less fre-
quent in older subjects as a consequence of spontaneous
healing. Although the data afforded no evidence in sup-
port of this expectation, all the subjects in this study were
younger than 26 years of age at the time of examination,
and follow-up observition as they age further may reveal
spontaneous healing.

Because the presence of vaginal adenosis has been
demonstrated in almost all the cases of clear-cell adeno-
carcinoma of the vagina in young women when adequate
tissue has been available for examination, and because
cervical erosion is a consistent finding in association with
clear~cell adenocarcinoma of the cervix,? it is logical to as-
sume that the glandular tissue characterizing adenosis
and erosion may provide the base from which these
adenocarcinomas develop. Although glandular atypi-
cality has been reported in the vicinity of one clear-cell
adenocarcinoma of the vagina,'® to our knowledge no case
has yetbeen recorded in which a direct temporal or spatial
transition from adenosis to adenocarcinoma has been
documented in a diethylstilbestrol-exposed woman. In
the present study, only minor degrees of glandular
atypicality were observed in the biopsy specimens of the
cervix and vagina. The results of many studies continue to
show that non-neoplastic cervical and vaginal abnormali-
ties are common in the exposed population, whereas
clear-cell adenocarcinomas and glandular abnormalities
that can be recognized morphologically as precancerous
areveryrare.

An additional hazard to diethylstilbestrol-exposed fe-
male subjects has been suggested by some authors!” who
have proposed that squamous-cell carcinomas also may
occur with increasing frequency as these patients age, in
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view of the recent rare findings of squamous dysplasia and
carcinoma-in-situ of the cervix and vagina in them (Stafl
and Mattingly,'” Lanier etal.,'® Robboy, S.J., Scully, R.E.,
and Herbst, A.L.: unpublished data) and the knowledge
that the peak incidence of such alterations in the general
population is at an older age than that of exposed women
at present. In thisstudy, only four of the 110 exposed sub-

. jects (4 per cent) had squamous dysplasia on cytologic ex-

amination, and it was slight in all four. With only sporadic
reports of these precancerous or possibly precancerous
squamous changes, it is impossible to be certain how often
they will either progress to invasive cancer or prove tobe
only a transitory phenomenon related to active squamous
metaplasia.

Obviously, many years may be required to determine
the risk of development of genital cancer in diethylstilbes-
trol-exposed female subjects. During this time, thorough
periodic examination is clearly indicated.

We are indebted to Dr. Theodore Colton and Dr. Klim
McPherson, of the Department of Preventive and Social Medi-
cine, Harvard Medical School, for assistance with statistical
analysis, and to Nancy Dreyer Arkin and Jean Sheridan for their
effortsin the completion of this study.
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