Breast Enlargement and Reduction: Results
from a Breast Cancer Case-Control Study

Louise A. Brinton, Ph.D., Kathleen E. Malone, Ph.D., Ralph J. Coates, Ph.D.,
Janet B. Schoenberg, M.P.H., Christine A. Swanson, Ph.D., Janet R. Daling, Ph.D.,

and Janet L. Stanford, Ph.D.

Bethesda, Md., Seattle, Wash., Atlanta, Ga., and Trenton, N.J.

In a population-based case-control study of breast can-
cer thatincluded 2174 cases and 2009 population controls
under 55 vears of age, prior breastimplants were reported
by 36 cases versus 44 controls. After adjustment for the
matching factors as well as variables associated with both
breast cancer risk and breast enlargement (race, family
history of breast cancer, body size, screening history), the
relative risk of breast cancer associated with a prior im-
plantwas 0.6 (95% C10.4-1.0). The reduced risk persisted
with increasing interval since surgery, arguing against sc-
lection bias as an explanation. Further, although a deficit
of in situ tumors was seen among women with implants
(RR = 0.2), the risk associated with implants remained
reduced for both localized and distant tumors (RR = 0.8
for both stages). In a smaller group of women who had
prior breast reduction surgery (10 cases, 13 controls), a
reduced risk of breast cancer also was observed (RR = 0.7,
95% CI 0.3-1.6). The results of this study must be inter-
preted cautiously because of the small number of women
involved and reliance on patient reports of prior opera-
tions. In not showing any clevation in breast cancer risk
following a breast implant, our results confirm several
record linkage studies but contradict some clinical studies
that suggest an adverse effect. Additional investigations
arc needed in relation to specific types of breast implants,
including the polyurethane-coated implants, which have
been linked to high cancer rates in laboratory animals.
(Plast. Reconstr. Surg. 97: 269, 1996.)

Although itis estimated that approximately 1
to 2 mllh()n women in the United States have
received either silicone gel- or saline-filled
breast implants,' there has been limited inves-

tigation of their long-term health effects. Of

particular concern has been their potential ef-
fect on subsequent breast cancer risk, given a
number of clinical reports of a positive associ-
ation,” as well as the recognition of an im-
paired ability to detect breast lesions with mam-

mography in women with breast implants. '’

In line with these observations, one study
showed later stages at diagnosis of breast cancer
among women with augmented breasts.”

Three follow-up studies have observed no ev-
idence of increased breast cancer in women
receiving implants for cosmetic reasons.'o'
However, these studies all involved only record
linkage, with limited abilities to control for cor-
related lifestvle factors that could indepen-
dently affect breast cancer risk. Although all
these studies showed relative risks of breast can-
cer less than unity, it has been suggested that
lack of control for certain factors (e.g., breast
size, body weight) could have resulted in im-
precise estimates of risk.'""" In addition, one
of the studies has been criticized for incomplete
follow-up, leading to speculation that this would
have underestimated the true risk.?!

In a recently completed case-control study of
breast cancer in younger women, we had the
ability to assess the relationship of risk to prior
breast implants while also considering effects of
a number of other predictors of breast cancer
risk. In addition, this study also provided some
opportunity to examine risk in relation to the
rarer occurrence of breast reduction surgery,
which has been linked in at least one epidemi-
ologic study to reduced breast cancer risk.”!

PATIENTS AND METHODS

This population-based case-control study in-
cluded women newly diagnosed with breast can-
cer in the two metropolitan arcas of Atlanta,
Georgia, and Seattle/Puget Sound, Washing-
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ton, and in five counties of central New Jersey.
In Seattle and New Jersey, cases were restricted
to women less than 45 years of age, while in
Georgia the age range was extended through
age b4, All women of these ages newly diag-
nosed with in situ or invasive breast cancer dur-
ing the period May 1, 1990 through December
31, 1992 were identified through rapid ascer-
tainment systems, with periodic checks made
against existing cancer registries to determine
the completeness of case ascertainment. Hos-
pital records of these patients were abstracted to
document details on the clinical and pathologic
characteristics of the breast tumors.

Controls in all arcas were frequency matched
by geographic area and age to the expected
distribution  of cases and were identified
through random digit dialing.= A 90.5 percent
response rate to the telephone screener was
obtained from the 16,264 telephone numbers
assessed as residential.

Personal interviews, which lasted an average
of 71 minutes, collected detailed information
regarding demographic factors; reproductive,
breast-feeding, and menstrual histories; contra-
ceptive behavior: use of exogenous hormones;
medical and screening history; anthropometry
and physical activity; adolescent diet; alcohol
consumption; smoking: occupations; family his-
tory of cancer; and certain lifestyle factors and
opinions about cancer causation. With respect
to a history of breast surgery, subjects were
asked to provide details on all types of proce-
dures, including aspirations, biopsies, lumpec-
tomies, and enlargement or reduction opera-
tions. For each procedure reported, details
were obtained on the date of surgery, which
breast was involved, and where the operation
was performed.

Completed interviews were obtained from
2203 of the 2551 eligible cases (86.4 percent)
and 2009 of the 2571 eligible controls (78.1
percent). Reasons for nonresponse included re-
fusals (5.4 percent physician refusal and 6.4
percent subject refusal in cases versus 18.5 per-
cent in controls), death (0.4 versus 0.2 per-
cent), illness (0.6 versus 0.2 percent), a move
outside the study arca (0.6 versus 2.3 percent),
and other miscellancous reasons (0.2 versus 0.8
percent). Because controls were identified
through telephone sampling, the 29 cases
without residential telephones at  diagnosis
were climinated, leaving 2174 cases available
for analysis. Among the controls, an overall
response rate of 70.7 percent was achiev-
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ed through multplication of the telephone
screener and interview response rates.

All risk factor information, including that
pertaining to prior breast operations, was trun-
cated at the date of diagnosis for cases or the
date of completion of the random digit dialing
screener for controls (known as the reference
date). The relationship of prior breast surgery to
risk of breast cancer was assessed through cal-
culation of odds ratios as approximators of rel-
ative risks (RRs). A relative risk of 1.0 would
indicate no association between implants and
breast cancer risk. Further, implants would be
associated with a doubling of risk for a relative
risk of 2.0 and a halving of risk for a relative risk
of 0.5. Logistic regression analyses were em-
ploved to control for effects of extraneous vari-
ables and to derive maximum likelihood esti-
mates of relative risks and their 95 percent
confidence intervals (CI). 2 A lower limit (or
upper limit in the case of reduced risk) of a
confidence interval exceeding 1.0 would indi-
cate that the associated relative risk was statis-
tically significant at a p value of less than 0.05.

RESULTS

A total of 36 (1.7 percent) of the cases versus
44 (2.2 percent) of the controls reported having
had surgery to enlarge their breasts, resulting in
a relative risk (adjusted only for the matching
factors of study site and age) of 0.7 (95% CI
0.5-1.2). Fewer women reported surgery 1o re-
duce their breasts, namely, 10 (0.5 percent) of
the cases and 13 (0.6 percent) of the controls
(RR = 0.7, 95% CI 0.5-1.6).

Risk factors for breast cancer in the study
(adjusted for cach other) included being non-
white (RR = 1.2 compared with Caucasians), a
late age at first birth (RR = 1.6 for 30+ versus
<20 years), a history of a biopsy for benign
breast discase (RR = 1.4), a history of breast
cancer in a mother or sister (RR = 2.3), and
long-term use of oral contraceptives (RR = 1.3
for 10+ vears of use versus use <6 months).
Heavier women were at a decreased risk (RR =
0.8 for body mass indices of 274 versus <23).
Other suggested risk factors, including educa-
tion, age at menarche, number of incomplete
pregnancies, bra cup size, cigarette smoking,
and regular consumption of alcoholic bever-
ages, were not strongly related to risk. Women
who had ever practiced breast self-examination
I or more years prior to interview had a relative
risk of 0.8, while those who had had a mam-
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mogram during this period had a relative risk of

I.1.
Among
variation in the proportion of women with
breast implants according to several factors (Ta-
ble ). Notably, the percentages were highestin
subjects from Atlanta, white women, subjects
with vocational schooling or some college,
those with earlvages ata first birth, thin women.
those with a mother or sister with breast cancer,
long-term users ol oral contraceptives, and
those who had a mammogram at least T vear
prior to study enrollment. These proportions
were not changed substantially by age adjust-
ment, since the mean ages were notsignificanth
different between the controls with (43,9 vears)
and without implants (10.9 vears). The preva-
lence of breast reduction surgeryin the controls

the controls, there was substantial

did not vary as substantially (uun(lmu to these
same factors, although this an: dvsis was Timited
by small numbers.

To control for possible confounding cffects
of these risk factors, the relative risks associated
with both breast enlargement and reduction
surgery were adjusted for the matching factors

as well as for race. body size, family history of

breast cancer, and history of mammography
(Table 11). The reduced risk associated with
breastenlargement persisted (RR = 0.6, 95% CI
0.4=1.0); further, the decrease in risk was most
marked for women who had their surgery at age
35 or older (RR = 0.5, 95% C1 0.5=1.0), as well
as those with 10 or more vears since implanta-
tion (RR = 0.5,95% C10.2-0.9). The risks were
decreased in the combined categories of ages
(<35, 35+) and years since implantation (<10,
10+), except for those who obtained their im-
plants prior to age 35 and who had less than 10
vears of follow-up (RR = 1.5, 95% C1 0.6-4.0).

Ages at diagnosis were similar between breast
cancer cases with and without implants (respec-
tve means of 411 and 414 vears). The relative
risk associated with having an implant de-
creased with ill(‘l‘(‘;ls‘il)“‘ age at ])I‘L‘LISI cancer
diagnosis, being 0.9 (9 ¢ C10.4=2.0) forthe 13
women (11(1}4110\( d prior to age 4()‘ (). /7 (0.3-1.5)
for the T4 women with breast cancers at ages 40
to 44, and 0.4 (0.2-0.9) for the 9 women with
breast cancers diagnosed atages 45 or older (all
ol whom were from the Atlanta arca).

Breast enlargement associations within cate-
cories of selected risk factors are shown in Table
ITI. Reduced risks associated with implants were
seen in all categories ol bodyv size (as assessed by
body mass Il](l( x). However, when the effec ts of
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breast implants were examined by bra size, the
reduced risk was restricted to women with cup
sizes of Boor grcater. The reduced risk associ-
ated with implants was particularly apparent
among women with a mother or sister with
breast cancer, although only - cases ;m(l 7 con-
trols were involved (RR = 0.2.95% C10.0-0.7).
The only risk factor category where 11111)l;mls
were not associated with a reduced risk was
women who had never had a mammogram (6
cases, D controls: RR = 1.4). Consistent with
this, the risk associated with implants was higher
(RR = 0.9) among subjects who had not had a
manmmogram recently (e within I to 6 vears
prior to reference date) than among subjects
who reported two or more mammograms dur-
ing this period (RR = 0.7).

A total of
breast impl'mlx were diagnosed with i situ tu-
mors, D83 percent with localized tumors, and
36,1 percentwith distant tumors. When rates of

percent ol the women with

breast implants were examined within cach
stage group and compared with rates among
the entire control group, the reduced risk as-
sociated with breast implants was most marked
for in situ tumors (RR = 0.2, 95% €1 0.0-0.8).
However, the risk related to breast implants
remained reduced forlocalized (RR = 0.8, 95¢
ClL 0.5=1.4) as well as more advanced stage in-
vasive tumors (RR = 0.8, 95% CI 0.1=1.5).

After adjustment for other breast cancer pre-
dictors, women with prior breast reduction sur-
ecry had a relative risk of 0.7 (95% C10.3-1.6)
(sce Table 1), No distinctive relationships were
noted according to cither age at surgery or in-
terval since surgery, although numbers for this
analvsis were limited.

DiscUssioN

In this study we found that women who had
received breast implants were not at an excess
risk of developing breast cancer. This finding
agrees with all the other analvtical \lll(ll( s that
1111\( examined the rel: ltl()ll\llll) L6-18.24.25 Ty gl
dition. although limited by their design. the
results of lhl(( surveys among plastic surgeons
that inquired about the occurrence of cancer
also found no clevations in breast cancer
risk.”" = Of interest is that all the previous an-
alvtical studies, except one" have found breast
cancerrisks to be reduced, although inonly one
study was the effect statistically significant. 0 De-
spite the consistency ol the results from these
cpidemiologic relationship ol
breast implants to breast cancer risk remains

stuchiies,  the
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TABLE |

Percent of Controls with Breast Enlargement and Breast Reduction Surgery by Selected Factors

Percent Breast Percent Breast
No. of Controls Enlargement Reduction

Total 2009 2:2 0.6
Study site”

Atlanta 130 3.3 1.2

New Jersey 165 1.1 0.2

Scattle /Puget Sound 610 133 0.8
\‘(_"('

25 291 1.4 0.5
3hH=-39 174 1.9 0.8
10—14 710 1.9 0.8
1H—19" 2611 2.6 0.1
50-hH4! 210 1.2 0.1

Race
White 1571 2.7 0.8
African-American 326 0.0 0.3
Other 12 0.9 0.0
Lducation
Iigh school or less 593 1.8 1.0
Vocational school 165 3.0 0.0
Some college a3 3.0 0.8
College graduate 167 0.2
Post graduate 271 0.7
Age at first birth

20) 378 2.9 0.8
20-24 O84 2.9 0.5
25-29 1l 1.5 0.5
304 243 1.2 0.8
Nulliparous 392 20 0.8

Previous breast biopsy
No 1965 2.2 0.7
Yes I 1.6 0.0
Body mass index’

23 607 1.1 0.5
25-26 610 21 0.5
20 630 0.1 1.0

Usual adult bra size
\ 318 1 0.0
I} 941 2.0 0.0
G 191 1.2 0.1
B] 250 0.0 4.8
Breast cancer inaomother or sister
No 1877 (¢
Yes 132 0.0
Years of use of oral contraceptives
0—06 months 609 1.8 0.7

5 years 751 1.8 0.1
H=0 vears s 3.4 0.7
10+ 253 2.4 12

Fver had o mammogram I yvem
prior to reference date
No 8649 0.6 (.2
Yes kY 3.4 1.0
Number ol mammograms 1 1o 6
vears prior to relerence dates
4] 9421 1.0 0.2
1 172 3.8 I.1
2 250 2.4 1.2
3 342 B2 0.9

Site=specitic rates limited to subjects =15 vewrs ol age.
"Subjects from Atlanta. For purposes ol comparison, breast enlirgement vates in At were L3 for subjects = 35 vears of age, 2.9 for subjects 35-39, and 1.2
for subjects 10—,
CBody mass index [measured weight (kg) “measured height (m)” )0 Not shown are T2 controls with missing data.
S Reference date defined as the time when subjects were identitied as eligible for study through the elephone screener

¥ Includes subjects who had never had a mammogram as well as those who had ever had a mammogram, but not within the T to 6 years prior o relerence date.
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Associated with Breast Enlargement or Breast Reduction Surgen

Relative Risks of Breast Cancer

AND REDUCTION

11

Breast Enlareement

Breast Reduction

Cases RR 95 Cl Caases RR 95 (1
Iver had surgery
No 2138 1.00 2164 .00
Yes 36 0.6:4 0.4=1.0 10 0.71 0.5=1.6
\ge at surgen
30 10 .80 0.5-2.0 | 0.6-4 21
30-54 11 0.76 0.3-1.8 2 1.06 0.1=-7.5
35+ 15 0.51 0.5-1.0 ! 0.67 0.2-2.4
Years since surgen
£H 12 0.78 ).5-1.8 0 0.00)
RE 12 0.86 0.4-2.0 6 14 0.4=5.1
10+ 12 0.46 0.2-09 | 0.69 0.2-2.6
Adjusted for study sites age, race, breast cancer inaomother or sistere body mass index, and history of o mammogram at least T vear prior to reference date
TABLLE T
Relative Risks of Breast Cancer Associated with Breast Enlargement by Other Risk Factors
Cases with Tmplants Controls with Tmplants RR a5
Body mass dex
20 24 25, 0.71 0.4=1.3
23-26 I 13 0.6 0.3-1.6
27+ 1 2 0.36 0.0-5.4
sual adule bra size
\ 14 14 0.94 0.-1-2.1
B 17 24 0.5 0.5-1.0
i 5 6 0.62 0.2-21
Breast cancer ina mother or sister
No 52 37 077 0.5-1.5
Yes | 7 0.18 0.0-0.7
Ever had a mammogram 1 vear prion
to reference date
No 0 53 145 0 4—48
Yes 20 29 0.50 0.4-0.9
Number of mammograms I to 6
vears prior to reference date
() 7 <) (.86, 0.5=2.4
| 11 [ 0.50 0.2-1.2
2+ IS 17 0.67 0.5-1.3
Adjusted for study site, age. race,and o when appropriate. also for breast cancer inacmother or sister. body mass index. history ol aomammogranm at least 1 vean
prior o reference dates Subjects with missing data have heen excluded

unresolved because of either small sample sizes,
incomplete follow-up. or inability to control for
other predictors of breast cancer risk.

Although our study relied on patient reports
of surgery and was further limited by absence of
111[()1111(111()11 on type of implants ((' o.. silicone
gel versus saline), a strength was in its ability to
control for factorsassociated with the seeking 01"
implants, which mayv have independently af-
fected subse quent breast cancer risk. Of partic-
ular concern in past studies has been whether
women at low risk of breast cancer may prefer-
entially seek implants. Notablv, concern has
been expressed as to whether an overrepresen-
tation of thin women or women with small
breasts may have led o the reduced risks ob-
served i previous studices

In our study, thin women preferentially re-
ceived implants, but thinness was associated
with an elevation in risk, a relationship also ob-
served in other studies of vounger women. ="
Thus adjustment for body size served only to
strengthen the reduced risk associated with a
prior implant. Further, reduced risks associated
with a prior im])l'mr were observed across all
categorics of body size. Thus it seems unlikely
that l)()(l\ size could (\])Lun the reduced risks
associated with implants in this study.

The effect of breast size on explaining breast
implant associations is more complex. Al-
though the seceking of breast implants was
strongly related to breast size (as estimated by
bra cup size), breast size is generally not rec-
ognized as a breast cancer risk factor. 2 How-
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ever, it is widely recognized that bra size is only
a crude indicator of breast or mamms wy 0Lm(l
size, with mammary gland size being ll)p()lll(‘—
sized to be the better predictor of breast cancer
risk.” Consistent with this is our previous ob-
servation ol an elevated risk associated with
large brasize among thin women, possibly due
to brasize being a better measure of mammary
oland size in these women.” Thus our finding
ol only a minimally reduced risk associated with
a prior implant among women with A cup sizes
(RR = 0.9) might reflect that women seeking
implants have small mammary glands (and thus
fewer susceptible cells at risk). Unfortunately,
limited numbers did not allow us further
explore this potential interaction. In addition,
we were unable to give further attention to the
significant reduction in risk among women with
a family history who received implants.

The effect of more mtensive screening as an
explanation for reduced risks ol breast cancer
among women with implants is an issuc that
bears particular attention. We attempted to
cvaluate this issue by examining timing ol op-
cration relationships (age atand interval since) .
stage cffects, and associations by screening his-
tory. If women obtained more screening |)1‘i()1‘
1o their implants, or il thev received screening
as part of their plastic \lllUl((l] workup, then
reduced risks should be apparent during the
first few years following implantation, since po-
tentially eligible cases would have been identi-
ficd prior to inclusion in our study. However, we
obscerved the largest reduction in risk associated
with an implant for subjects with extended in-
tervals since surgery. Further, given dilliculties
in mammographic visualization, because ol ¢i-
ther implants'' or associated  complications
(c.g., contracture), the possibility of detection
bias was considered. If implantation had inter-
fered with detection, we would expect to see a
reduced risk (luring‘ the first few years alter sur-
gery, with an increase at later years, particularly
1()1 larger cancers not detec ted carlier. How-
cver, apart from a tendency in our study for
women with implants not to be diagnosed with
In situ tumors, we saw no such l(ldll()l].\hl[)s.
Our results are consistent with both the Los
Angeles' and the Alberta, Canada,™
studies, where women with breast implants were
not diagnosed at later stages than women with
breast cancer in the general population.

Thus our findings are not entirely consistent
with more intensive screening as the explana-
tion for reduced breast cancer risk following a

follow-up
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breast implant, although mention must be
made ol the failure to observe a reduction in
risk among the small group of women who had
implants and never had a mammogram. The
complexities involved in the assessment of
screening as an explanation for implant asso-
clations necessitates further evaluaton of this
issuc. However, since 1‘('l;ui()nshi])s could not be
attributed entirely to screening effects, further
attention should focus on ()ll)(l explanations
for areduced risk associated with implants, ¢.g.,
compression of the implants on breast tissue,
decrcased blood supply, or an enhanced im-
munologic response.™

Snmln to the one previous study?' on the
topic, we found a reduced risk of breast cancer
following breast reduction surgery. Our relative
risk of 0.7 was very similar to the risk of 0.6
found in the other study, which involved fol-
low-up of 1245 Danish women surgically treated
for breast hypertrophy. In that study, the areat-
est reduction in risk was observed 10 or more
vears after the operations in women who had
600 gm or more of breast tissue removed, sug-
gesting the importance of the removal of po-
tential foct of cells for cancer development.

In summary, breast implants do notappear to
predispose to an increased risk ol subsequent
breast cancer, as has been hypothesized in some
clinical reports. We also failed to note that
breast implants cause a substantial delay in di-
agnosing breast cancers (apart from a \ll“llll\
l<)\\(1 rate of diagnosis of in situ cancers in these
women)
though lm‘lhm’ studies are needed to address

The results are thus reassuring, al-
some issues that could not be resolved by our
study, including effects of breast nnl)l‘ml\ mn
older women. Further, studies are needed on
risks associated with specilic types of implants,
including the more recently introduced poly-
urethane-coated implants, which have been
linked to increased rates ol mammary cancer in
sclected laboratory animals. 758

Lowise A. Brinton, Ph.D.
Linoitronmental Lpidemiology Branch
National Cancer Institute

loxecutioe Plaza Novth, Room 443
Bethesda, Md. 20892
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