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Cancer Risk at Sites Other than the Breast Following

Augmentation Mammoplasty

LOUISE A. BRINTON, pPuD, JAY H. LUBIN, PuD, MARY CAY BURICH, MA,
THEODORE COLTON, ScD, S. LORI BROWN, puD, AND ROBERT N. HOOVER, MD, ScD

PURPOSE: There has been limited investigation of cancer risk other than breast cancer among patients
with breast implants, despite some clinical and laboratory evidence suggesting links with certain cancer
sites, including hematopoietic and connective tissue malignancies.

METHODS: A retrospective cohort study of 13,488 patients who received cosmetic breast implants
at 18 plastic surgery practices in six geographic areas was conducted to assess long-term health effects.
After an average of 12 years of follow-up, questionnaires were administered to subjects located and alive
(78% of eligible population). Attempts were made to obtain death certificates for deceased subjects and
medical verification for all reported cancers. Expected numbers of cancers were derived using general
population cancer incidence rates and an internal comparison series of 3936 patients who received
other types of plastic surgery at the same practices as the implant patients.

RESULTS: A total of 359 malignancies was observed versus 295.95 expected based on general popula-
tion rates, resulting in a standardized incidence ratio (SIR) of 1.21 [95% confidence interval (CI)
1.1-1.4]. Individual malignancies for which incidence was significantly elevated included cancers of the
stomach (SIR = 2.65), cervix (SIR = 3.18), vulva (SIR = 2.51), brain (SIR = 2.16), and leukemia
(SIR = 2.19). No excess risks were observed for other hematopoietic malignancies, including multiple
myeloma. The internal analyses, however, based on cancer rates derived among the comparison patients,
showed no increased cancer risk among the implant patients [relative risk (RR) = 1.00, 95% CI 0.8-1.2],
as well as no statistically significant elevations for most individual sites. Cervical cancer continued to
be elevated (RR = 1.78), although to a lesser extent than in the external analyses, while the risk for
respiratory cancers was higher (RR = 2.40). Non-significant elevations in risk persisted in this analysis
for liver cancer (RR = 2.65), brain cancer (RR = 2.83), and leukemia (RR = 1.83). Many of the cancers
showing excesses were defined on the basis of death certificates, requiring caution in interpretation. The
histologies of the leukemias were quite varied, which makes a biologic relationship appear unlikely.
However, respiratory cancers showed some evidence of increasing risk with follow-up time and both
respiratory and brain cancers were elevated in the mortality analyses.

CONCLUSIONS: Although excesses of cervical and vulvar cancer among implant patients might be
attributable to lifestyle factors, reasons for excesses of respiratory and brain cancers were less apparent.
Ann Epidemiol 2001;11:248-256. [0 2001 Elsevier Science Inc. All rights reserved.
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INTRODUCTION

Silicone breast implants were first introduced in the United
States in the early 1960s and became widely sold during
the next three decades. Although it has been estimated
that between 800,000 and one million women received the
devices (1, 2), there has been limited assessment of their
long-term effects. Most attention has focused on connective
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tissue disorders, but the range of immunologic disturbances
observed in women with implants suggests consideration
of other chronic diseases, including cancer. The greatest
attention regarding cancer risk has focused on breast cancer,
given clinical reports of an association (3—8) and observa-
tions that mammographic visualization is compromised by
implants (9-12). Some (13-18), although not all (19-20),
epidemiologic studies have suggested that breast cancer risk
might be reduced among women with implants, although
the biologic mechanism remains undefined.

Other cancers have not been well evaluated, despite some
animal as well as clinical data to suggest potential risks for
selected sites, including sarcomas and certain hematopoietic
malignancies (21, 22). There have only been limited at-
tempts to address the relationships epidemiologically, and
the available studies suffer from small numbers of events
and absence of information on most potential confounding
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variables (17, 19, 23). In particular, the absence of informa-
tion on lifestyle factors that may contribute to cancer risk
(e.g., socioeconomic status, sexual and reproductive behav-
ior, cigarette smoking) complicates interpretation of find-
ings from these studies, particularly observed excesses of
cancers of the cervix, lung, and vulva (17, 23).

We undertook a large retrospective study to assess the
potential long-term effects of breast implants. This study
had an advantage over other studies in being specifically
designed to address this issue, having large numbers of study
subjects, extended follow-up, information on types of im-
plants (as obtained through medical record abstraction),
and information on other factors that could influence a
woman’s risk of subsequent disease (as obtained through
detailed questionnaires administered to study subjects). Sep-
arate analyses have concentrated on breast cancer risk in this
population, showing no significant association with breast im-
plants (20). We address here risks for developing other cancers.

METHODS

This retrospective cohort study identified patients from 18
plastic surgery practices in six geographic areas (Atlanta,
GA; Birmingham, AL; Charlotte, NC; Miami and Orlando,
FL; and Washington, DC). These practices were chosen on
the basis of having performed large numbers of cosmetic
breast implant surgeries prior to 1989 and willingness to
give us unrestricted access to their records for purposes of
subject identification and medical record abstraction. In
order to maximize opportunities for assessing long-term ef-
fects, all female subjects who had a first bilateral augmen-
tation mammoplasty at these practices prior to 1989 were
eligible for study inclusion. Since a determination of the
development of breast cancer was a primary goal of the study,
patients receiving a breast implant following a diagnosis of
breast cancer were not included. A total of 13,488 subjects
was identified for study. In addition, attempts were made,
after identification of approximately every third to fourth
eligible breast implant patient, to identify a similarly-aged
comparison subject who had some other type of plastic
surgery (not involving silicone) during the same time period
in all but one practice (where permission for access to re-
cords of such patients was not obtained).

A total of 3936 comparison subjects were identified for
the study. Some subjects had multiple procedures. Prioritiz-

Brinton et al. 249
CANCER FOLLOWING AUGMENTATION MAMMOPLASTY

ing operations according to the following categories showed
that 20.5% had abdominoplasty or liposuction; 34.2%
blepharoplasty or rhytidectomy (operations for the removal
of wrinkles of the face and neck); 28.1% rhinoplasty, oto-
plasty, mentoplasty, or genioplasty (operations involving
the nose, ear, and chin); and 17.2% another type of plas-
tic surgery.

Trained medical records abstractors reviewed the medical
charts for eligibility. Using standardized software, data were
directly entered into laptop computers. This included pa-
tient identifiers as well as details on the types of surgery
obtained (including implant type, manufacturer, catalogue
number), any noted complications, and other factors which
might affect health status (e.g., weight).

Vital status as well as location information was sought
through a variety of tracing sources, including telephone
directories, credit bureaus, postmasters, motor vehicle ad-
ministration records, and the National Death Index. A total
of 10,778 (79.9%) of the implant patients and 3214 (81.7%)
of the comparison subjects were successfully traced, with 364
identified as deceased (245 implant patients, 119 controls).
Location rates varied by plastic surgery practice as well as
by age, year of initial implant, and race, with the highest
rates achieved for subjects who were older at their initial
surgery, those with more recent dates of surgery, and white
patients. In order to identify causes of death, copies of death
certificates were sought and obtained for 91.4% of the im-
plant and for 95.8% of the comparison patients. Question-
naires were mailed to all alive, located subjects to obtain
information on demographic factors, subsequent plastic sur-
geries, updated health status, and reproductive and lifestyle
factors that could affect health.

Reproductive and lifestyle factors included menstrual,
pregnancy, and breastfeeding history; use of exogenous hor-
mones; anthropometric factors; cigarette smoking; alcohol
consumption; and breast screening history. Non-respondents
to several mailings were telephoned and given the opportunity
to complete their questionnaires by telephone. Completed
questionnaires were obtained from 7447 (70.7%) of the im-
plant patients from whom this information was sought, and
from 2203 (71.2%) of the comparison subjects. As with loca-
tion rates, questionnaire response rates varied by a number
of factors, being highest for white patients and those who
received their implants at older ages or in later time periods.

Cancer events were defined on the basis of information
in either completed questionnaires or obtained death cer-
tificates. Death certificates, which noted cancer as a cause
of death, were searched for information on the duration
of the disease to more precisely define a diagnostic date.
Attempts were made to confirm all cancers reported in the
questionnaires by obtaining medical verification (discharge
summaries, operative reports, pathology reports) from the
institutions where the diseases had been diagnosed and/or
treated. Since the events occurred over a wide period of
time, some of the requested records were no longer available.
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Statistical Methods

Person years were accrued beginning one year after the date
of initial plastic surgery and continuing through the earliest
date of cancer occurrence or death, or date last known alive
and free of cancer. For the incidence analysis, 35 cancers
(28 among implant patients) that were detected during the
first year following surgery were excluded. December 31,
1996 defined the end of the study period. Non-located sub-
jects as well as those not responding to the questionnaire
did not contribute person-years or events to the cancer
incidence analysis.

Two statistical approaches were used to analyze the inci-
dence data. A standardized incidence ratio (SIR) (24) was
computed as the number of observed cancer events divided
by the expected number of events based on age, race, and
calendar year-specific incidence disease rates for females
from cancer registry rates available through the Surveillance
Epidemiology and End Results (SEER) Program of the NCI.
The majority of analyses used rates derived from the Atlanta
SEER area, given that the practices from which patients
were derived were all located in the southeastern part of
the U.S. A SIR greater than 1 indicates that the disease
rate in the study group exceeds that expected in the SEER
area, whereas a SIR less than 1 indicates a deficit in the
disease rate in the study population compared to what is
expected. We also computed asymptotic 95% confidence
intervals (CI) for the SIRs. Comparisons of SIRs across
categories of other factors, such as age at risk, calendar
year, and type of breast implant, were based on a test of
homogeneity, with a significant p-value (p < 0.05) indicat-
ing that differences among SIRs were not likely due to
chance alone (24).

We also conducted extensive internal analyses, based on
the relative risk (RR), of cancer in the breast implant pa-
tients compared to that of the other plastic surgery patients
(24). Poisson regression methods, as implemented in the
AMEFIT module in the Epicure analysis package (25), were
used to calculate RRs, compute 95% Cls, and adjust for
potential confounding variables. For all analyses, the RR of
implant status was adjusted for age at risk (5-year intervals
through age 85), calendar year of follow-up (1960-64,. . .,
1990-94, 1995-96), and race (white or black). Other fac-
tors, such as age at surgery, year of surgery, time since surgery,
or specific predictors of cancer risk, were included in the
regression model, as necessary, to evaluate their roles as
potential confounding factors or to examine variations of
the RR. Risk factor information was derived from question-
naires, if available, or from the medical records of the plas-
tic surgeons.

Standardized mortality ratios (SMRs) were also calcu-
lated, using U.S. mortality rates to generate expected values.
For this analysis, subjects who were located but did not
respond to the questionnaire were assumed alive at the end
of follow-up and their person-years accrued up to this time.
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RESULTS

Implant patients were on average five years younger (34.8
vs. 42.0 years) than the comparison subjects at the time of
study entry (Table 1). This was primarily owing to the
relatively large number of patients in the comparison group
with abdominoplasty/liposuction or blepharoplasty/rhytid-
ectomy—operations which occurred at relatively late ages.
The remaining comparison subjects had similar mean ages
at surgery as the breast implant patients. The mean year of
initial surgery was similar between the implant and compari-
son subjects. The average length of follow-up was 12.9 years
among the implant patients versus 11.6 among the compari-
son patients.

Approximately one quarter of the cancers were defined
on the basis of death certificates only (Table 2). Medical
records (including pathology and operative reports) were
obtained for 56.1% of the cancers reported among the aug-
mentation patients and for 64.4% of those reported among
the comparison subjects. The success in obtaining records
was lower for reports of cervical, uterine, and thyroid can-
cers. Obtained documentation showed high confirmation
rates for most reported cancer sites. Exceptions were cervical
and vulvar cancers (for which 50% or fewer were confirmed).
Some reports of melanoma were also confirmed only as
epithelial cancers, resulting in confirmation rates for implant
and comparison subjects of 65.0% and 80.0%, respectively.
In addition, some reports of corpus uterine cancer were
confirmed only as benign conditions (respective confirma-
tion rates of 71.4% and 80.0%). The reported cancers that
were not medically confirmed and the 22 breast cancers
confirmed as in situ cancers (12 among implant patients
and 10 among comparison patients) were excluded from
subsequent analyses. In addition, the cancers that were doc-
umented as sites other than those reported were re-classified.

Among implant patients, 359 cancers were observed ver-
sus 295.95 expected on the basis of population rates
(Table 3). Among comparison patients, 151 cancers oc-
curred, versus 140.89 expected. Using incidence rates from
the SEER Atlanta area to derive expected values resulted
in an overall SIR of 1.21 (95% CI 1.1-1.4) for the implant
patients and 1.07 (95% CI 0.9-1.3) for the comparison
patients. Among the implant patients, statistically signifi-
cant elevations were seen for cancers of the stomach (SIR =
2.65, 95% CI 1.0-7.1), cervix (SIR = 3.18, 95% CI 2.3~
4.3), vulva (SIR = 2.51,95% CI 1.1-5.6), and brain (SIR =
2.16,95% CI 1.2-3.9), and for leukemia (SIR = 2.19, 95%
CI 1.1-4.4). Non-significant excesses of two-fold or greater
were noted for liver and gallbladder (2.56), laryngeal (2.19),
and connective tissue (2.48) cancers, although each was
based on small numbers of cases. Among the comparison
patients, significant excesses were observed for kidney can-
cers (SIR = 3.22,95% CI 1.5-6.7), melanoma (SIR = 1.88,
95% CI 1.0-3.4) and eye cancers (SIR = 7.38, 95% CI
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TABLE 1. Descriptive information regarding breast implant and other plastic surgery patients

Breast augmentation patients

Other plastic surgery patients

Number of eligible study subjects

Number (percent of eligible) traced as alive
Number (percent of eligible) deceased
Mean age at study entry (yrs.)

Person years of followup

Mean year of study entry

Mean years of follow—up

Mean year at cancer diagnosis

13,488 3936
10,533 (78.1%)

3095 (78.6%)

245 (1.8%) 119 (3.0%)

34.8 42.0
96,675 26,151
1982.9 1984.1
12.9 11.6
1990.3 1991.1

1.8-29.5), although the latter estimate was based on only
two observed cases.

Internal analyses, based on comparison subjects, showed
no overall excess cancer risk (RR = 1.00, 95% CI 0.8-1.2).
This primarily reflected a change in risk from the external
analyses for cervical cancer (RR = 1.78, 95% CI 0.7-4.8).
Non-significant excesses, however, persisted for cancers of
the liver and gallbladder (RR = 2.65) and brain (RR =
2.83), and for leukemia (RR = 1.83). Respiratory cancer,
which had not been significantly elevated when SEER rates

were used to compute expected values, was significantly
elevated in the internal analyses (RR = 2.40, 95% CI
1.2-4.7). The majority of these were lung cancers (SMR =
2.23,95% CI 1.1-4.5).

RRs for cancers that persisted as elevated in the internal
analyses were further examined according to a variety of
characteristics, including age and calendar year of initial
implantation, duration of follow-up, and type of implant
(Table 4). There was no distinctive heterogeneity in the
risks according to most of these parameters. However, the

TABLE 2. Recorded cancers as confirmed by either death certificates or medical records

Augmentation patients

Comparison patients

Percentages Percentages
Recorded Death Record Medically Recorded Death Record Medically

Cancer site cancers certificate retrieval® validated" cancers certificate retrieval® validated"
All cancers® 405 25.2 56.1 74.1 167 29.3 64.4 78.9
Buccal 4 25.0 100.0 66.7 4 25.0 100.0 66.7
Stomach 4 25.0 0.0 na’ 1 100.0 nat na’
Small intestine 1 0.0 100.0 100.0 0 nal na? nal
Large intestine 21 28.6 46.7 85.7 14 64.3 100.0 80.0
Rectum 3 333 100.0 100.0 3 333 50.0 100.0
Liver, gallbladder 4 25.0 66.7 100.0 1 100.0 na’ na‘
Pancreas 4 75.0 0.0 nal 3 66.7 0.0 nal
Respiratory 37 75.7 44.4 100.0 13 69.2 50.0 100.0
Breast® 136 14.7 67.2 100.0 60 13.3 69.2 100.0
Cervix 56 3.6 389 19.0 7 14.3 50.0 333
Corpus & uterus 17 0.0 41.2 71.4 9 11.1 62.5 80.0
Ovary 19 36.8 66.7 75.0 6 83.3 0.0 na‘
Vulva & vagina 10 0.0 60.0 50.0 1 0.0 0.0 nal
Kidney 2 100.0 nal nal 7 28.6 40.0 100.0
Bladder 2 50.0 100.0 100.0 2 0.0 50.0 100.0
Melanoma 31 6.4 69.0 65.0 12 8.3 454 80.0
Eye 1 0.0 100.0 100.0 2 0.0 50.0 100.0
Brain 12 91.7 100.0 0.0 1 100.0 na’ na?
Thyroid 14 0.0 429 83.3 5 20.0 100.0 100.0
Endocrine 1 100.0 nal na‘ 0 na’ na’ na’
Connective tissue 4 25.0 33.3 100.0 2 0.0 100.0 100.0
Hematopoietic 15 46.7 50.0 100.0 9 11.1 62.5 100.0

# Obtainment rate of medical records for cancers reported by interview.

b Rate of confirmation of reported cancers with available medical documentation.
¢ Unknown sites were reported by seven augmentation and five comparison patients.

4Not applicable.
¢ Includes both in situ and invasive breast cancers.
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TABLE 3. Standardized incidence ratios (SIR) and relative risks (RR) of site—specific cancers among patients with augmentation
mammoplasty; External analyses based on Atlanta SEER rates, 1973-1995, internal analyses based on comparison group of patients

with other types of plastic surgery

Observed cancers

External analyses—SIRs Internal analyses

Implant Pts. Other Pts. Implant Pts. Other Pts RRs
All cancers 359 151 1.21* 1.07 1.00
Buccal 3 3 0.61 1.07 0.43
Stomach 4 1 2.65° 1.03 1.25
Large intestine 16 13 1.23 1.45 0.84
Rectum 7 3 1.08 0.77 1.48
Liver, gallbladder 3 1 2.56 1.02 2.65
Pancreas 5 3 1.97 1.50 1.59
Respiratory 37 13 1.33 0.65 2.40°
Larynx 3 0 2.19 0.00 00
Lung 33 13 1.27 0.70 2.23¢
Breast (invasive) 124 50 0.99 0.96 0.84
Cervix 40 5 3.18° 1.43 1.78
Corpus and uterus 17 8 1.15 0.90 0.90
Ovary 16 6 1.12 0.90 1.92
Vulva and vagina 6 1 2.51% 0.93 1.24
Kidney 2 7 0.56 3.22¢ 0.37
Bladder 2 2 0.52 0.78 0.49
Melanoma 24 11 1.20 1.88 0.64
Eye 1 2 1.93 7.38° 0.33
Brain 11 1 2.16" 0.49 2.83
Thyroid 13 5 1.19 1.78 0.66
Endocrine 1 0 2.75 0.00 e
Connective tissue 4 2 2.48 3.95 0.59
Hematopoietic 15 9 0.94 1.10 0.63
Non-Hodgkins lymphoma 6 4 0.72 0.90 0.55
Hodgkins disease 1 2 0.46 3.63 0.11
Multiple myeloma 0 1 0.00 0.90 0.00
Leukemia 8 2 2.19° 0.99 1.83

295% CI excludes 1.0.

respiratory cancer excess was highest among those with
extended follow-up, with the RR being 2.85 among patients
with 15 or more years of follow-up. A total of 49.7% of the
subjects received silicone gel implants, 34.1% double lumen
implants, 12.2% saline implants, 0.1% other types of im-
plants, and 3.8% unspecified types. There was no significant
heterogeneity in the risks for all cancers or for individual
sites according to type of implant. We also attempted to
evaluate whether risks were affected by the type of implant
cover, since polyurethane-foam coated implants have been
shown to leak chemicals shown to be carcinogenic in labora-
tory animals (21). However, only 1.3% of the implants were
noted to have such covers.

To address potential reporting or selection biases, we
performed several analyses focusing on practices with higher
location or questionnaire response rates, as well as on
whether events occurred prior to or after 1992, the date
when publicity regarding potential adverse effects of breast
implants became widespread. Risks did not vary substantially
by categories of practices defined by location and question-
naire response rates. Similarly, interpretation of the results

was not altered by restriction of events to those occurring
prior to 1992.

The implant and comparison patients demonstrated a
number of differences with respect to potential cancer risk
factors, including the implant patients more often being
white, having limited education, having early ages at first
birth, being thin, and having had frequent screening for
breast disease (26). We, therefore, adjusted cancer risks for
these factors, using data derived from either questionnaires
or medical records. Adjustment for these as well as various
other factors (cigarette smoking, alcohol consumption, in-
come) did not substantially change any of the previously
observed RRs. Analyses also considered whether risk esti-
mates differed within subgroups defined by the above men-
tioned factors, i.e., whether there was any substantial effect
modification. Numbers became sparse for these analyses,
particularly for cancers where a primary means of ascertain-
ment was a death certificate, in which case questionnaire
data were not available. Nonetheless, we did not observe
any noteworthy variations according to levels of selected
risk factors, including socioeconomic status. Potential effect
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TABLE 4. RRs for breast implant patients of selected cancers according to age and calendar year at initial implant, years since
implant, and type of implant; Comparison based on other plastic surgery patients

All cancers Respiratory Brain Leukemia

Age at implant

<30 1.07 (71) o (2) o (1) o (1)

30-34 0.78 (83) o (3) 0 (3) 0 (3)

35-39 0.87 (82) o (5) 0 (6) 0.00 (0)

40+ 1.08 (123) 2.26* (27) 1.09 (1) 3.66 (4)
Calendar year at implant

<1975 0.86 (50) 9.97 (8) 0.00 (0) o (1)

1975-79 1.03 (149) 4.09* (18) 0 (8) o (4)

1980-84 1.19 (113) 1.55 (8) 1.05 (2) 1.37 (2)

1985-88 0.76 (47) 0.80 (3) 0 (1) 0.25 (1)
Years since implant

<5 0.92 (64) 1.09 (2) o (3) 0.16 (1)

5-9 0.99 (110) 1.81 (12) 0.00 (0) o (3)

10-14 1.01 (99) 2.02 (6) 1.49 (4) o (1)

15+ 0.83 (86) 2.85 (17) 0 (4) o (3)
Type of implant

Silicone gel 1.07 (208) 2.60* (24) 2.90 (5) 1.66 (3)

Double lumen 0.76 (85) 2.06 (9) 4.99 (5) 0.80 (3)

Saline 1.08 (47) 1.60 (2) 243 (1) 2.73 (1)

Other/unspecified 1.11 (19) 3.75 (2) 0.00 (0) 6.70 (1)

Numbers in parentheses represent number of observed cancers.
295% CI excludes 1.0.

modification of lung cancer risks by cigarette smoking was
of interest, but could not be evaluated given that all but
one case (in a comparison subject) were smokers.

Death certificates and medical records were reviewed in
an attempt to determine additional information regarding
the observed brain cancers and leukemias. Since all of the
observed brain cancers were defined on the basis of death
certificates, special efforts were expended to retrieve medical
records to confirm the assigned causes of death. All but one
case was confirmed as having the malignancy originate in
the brain (one case with brain cancer as an underlying cause
and breast cancer as a contributory cause on the death
certificate was confirmed as a primary breast cancer). Of
the 10 subjects for whom surgery was performed, nine had
tumors that were classified as glioblastoma multiforme and
one as a malignant mixed glioma. Pathology slides and/or
blocks were also obtained for six of these subjects; review by
a neurologic pathologist showed no unusual characteristics.
The two medically verified leukemias were comprised of an
acute myelocytic leukemia and a lymphocytic leukemia.
Notations on the death certificates included acute erythro-
blastic leukemia, acute myelogenous leukemia and chronic
lymphatic leukemia.

A total of 107 implant patients died as a result of their
malignancies, compared to 138.55 expected based on U.S.
mortality rates (SMR = 0.77, 95% CI 0.6-0.9) (Table 5).
The risk among the comparison subjects was also reduced
(SMR = 0.67, 95% CI 0.5-0.9), reflecting that patients
with plastic surgery are generally healthier than their peers.

The mortality ratio for implant patients for all malignancies
based on rates generated by the comparison group was 1.37
(95% CI 0.9-2.0). Internally derived risks showed a signifi-
cant elevation for lung cancer (SMR = 2.78, 95% CI 1.2-
6.2) and a non-significant increase for brain cancer (SMR =

2.30, 95% CI 0.4-13.4).

DISCUSSION

This large follow-up study offered an opportunity to evaluate
the relationship of breast implants to cancer sites other than
the breast, an issue that has only been peripherally examined
in other studies (17, 19, 23). In all of the studies in which
these relationships were evaluated, numbers of observed
events were small, limiting the extent to which conclusions
could be drawn. Nonetheless, observations regarding ex-
cesses of cancers of the lung (17, 23), cervix (17, 23), and
vulva (23) were of interest, and deserving of further pursuit
in this larger investigation.

In our study, we observed excesses of cervical and vulvar
cancers, with a 2- to 3-fold excess risk prevailing when the
implant patients were compared with the general popula-
tion. These excess risks must be cautiously interpreted, since
medical documentation was not available for all reported
cancers and some of the reports could not be verified by
available medical records. To the extent to which this could
be evaluated, any potential bias appeared to operate similarly
for implant and comparison patients. The fact that the risk
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TABLE 5. Standardized mortality ratios (SMR) for deaths due to cancers among breast implant patients: Comparisons based on
both U.S. mortality rates, 1970-1995 and the other plastic surgery patients

Implant patients

Comparison patients Internal comparison

Deaths SMR 95% CI Deaths SMR 95% CI SMR 95% CI
All malignancies 107 0.77 0.6-0.9 53 0.67 0.5-0.9 1.37 0.9-2.0
Large intestine 6 0.68 0.3-1.5 9 1.50 0.8-2.9 0.45 0.1-1.5
Pancreas 3 0.68 0.2-2.1 3 0.92 0.3-2.8 1.45 0.3-7.5
Respiratory 29 0.98 0.7-1.4 9 0.45 0.2-0.9 3.04 1.4-6.7
Lung 217 0.93 0.6-1.4 9 0.46 0.2-0.9 2.78 1.2-6.2
Breast 23 0.61 0.4-0.9 8 0.45 0.2-0.9 1.15 0.5-2.8
Brain 12 2.52 1.4-4.4 2 0.90 0.2-3.6 2.30 0.4-13.4
Hematopoietic 7 0.62 0.3-1.3 3 0.48 0.2-1.5 1.85 0.4-8.3
Leukemia 4 0.88 0.3-2.3 0 0.00 0
Lymphatic 3 0.59 0.2-1.8 1 0.30 0.0-2.1 1.73 0.2-18.4

Only causes of death with three or more observed events among the implant patients are presented.

of cervical cancer decreased to a non-significant excess of
80% when the implant patients were compared with an
internal group of other plastic surgery patients may reflect
that much of the excess risk of cervical cancer among im-
plant patients is due to women seeking plastic surgery having
cancer risks that are different from the general population
(27). Thus, our findings suggest that previously observed
cervical cancer excesses among implant patients are proba-
bly more attributable to reproductive and lifestyle factors
common to women undergoing plastic surgery than to the
effects of silicone exposure.

Of the other cancer sites that have been suggested as
increased among breast implant patients, we had the greatest
capability to evaluate respiratory cancers, given the rela-
tively large number of observed cases. Like others (17, 23),
we observed some excess risk of lung cancers. However,
somewhat surprisingly, the excess incidence as well as mor-
tality of respiratory cancers in our study was more apparent
when comparisons were made with the other plastic surgery
patients than with the general population, reflecting that
our comparison subjects had a relatively low rate of these
cancers. Since such a large proportion of the observed respi-
ratory cancers in our study were identified through death
certificates (in the absence of questionnaire information),
we were unable to account fully for confounding or modi-
fying effects of cigarette smoking. However, we did not find
cigarette smoking rates to differ substantially between the
implant and comparison patients (26), although our measure
of exposure may have been imprecise. Confounding by smok-
ing must be considered as a possible explanation, especially
since several smoking-related sites also showed elevated risks
(notably cancers of the larynx and pancreas). Alternatively,
it is noteworthy that the highest respiratory cancer risks
were observed among implant patients with the longest
follow-up. Whether our observed excess represents a chance
finding, one due to bias or confounding, or a true biologic
relationship requires further study.

Brain cancers also occurred in excess among the breast
implant patients in our study. Brain cancer has not pre-
viously been linked to breast implants, although given its
rarity it would have been difficult for the previous smaller
investigations to detect effects. The excess that we observed
was difficult to interpret given that it was based on relatively
small numbers (11 observed events among the implant pa-
tients) and that all were noted as causes of death rather
than incident cancers. Although brain cancers noted on
death certificates often reflect metastases from other sites
(28), additional medical record information obtained for
our study subjects did not support this notion, with the
majority of subjects having been diagnosed with glioblas-
toma multiforme. We could, however, not identify any dis-
tinctive pathologic characteristics which would lead us to
conclude that these cases were directly related to silicone
exposure. Given that brain cancer was not a site that we
had a priori hypothesized would be linked with silicone
exposure, we have no ready explanation for our observed
increase in risk. Further surveillance among breast implant
patients will be necessary to determine reasons underlying
the observed elevation in risk.

Additional concerns regarding breast implants have been
expressed for sarcomas (29, 30), given the possibility of solid
state carcinogenesis (31), and a variety of hematopoietic
malignancies, given several immunologic alterations linked
to silicone exposure (32, 33). We observed four connective
tissue cancers among implant patients, which appeared ex-
cessive when external analyses were employed, but close to
expectation when compared to the other plastic surgery
patients. Given the small numbers involved, interpretation
of any potential relationship was difficult. Hematopoietic
malignancies were more common, with 15 cases observed
among the implant patients. Although there have been
several reports of lymphomas occurring among women with
silicone implants (34-37), we found neither Hodgkin dis-
ease nor non-Hodgkin lymphoma to occur excessively



AEP Vol. 11, No. 4
May 2001: 248-256

among our implant patients. We did, however, observe some
increase in the risk of leukemias, although the variety of
histologies as well as the absence of any striking relationships
with characteristics of the implants suggests a non-biological
relationship. However, it is of interest that McLaughlin and
others (17) in a follow-up study of Swedish patients also
found an excess risk of leukemias, although their SIR of 2.7
was non-significant and based on only three observed cases.

Multiple myeloma has been an additional cancer site
that has been of concern, provoked by laboratory findings
of induction of plasma cell tumors in genetically susceptible
substrains of BALB/c mice following the injection of silicone
gel from mammary implants (38). Several investigations
have assembled series of women with multiple myeloma who
have had histories of breast implants (39-41). In addition, a
registry of breast implant patients with multiple myeloma
has been established, with 18 cases from four medical prac-
tices identified (42). More analytic studies, including the
Los Angeles (43), Swedish (17), and Danish (19) cohorts,
however, have not observed any multiple myelomas, a find-
ing not surprising given the limited follow-up in these inves-
tigations and the rarity of this cancer. We also did not ob-
serve any cases among our implant patients, although one
case of multiple myeloma was observed among the compari-
son patients. However, even with our large sample size, it
was difficult to evaluate this cancer site, as evidenced by
the expected value based on general population rates of
1.73 among the implant patients.

Our location and questionnaire response rates, which
were 80% and 70%, respectively, warrant attention. If non-
response had been differential by exposure status, this could
have introduced some misclassification. However, we have
no reason to suspect that this occurred, especially since our
location and response rates were identical for the implant
and comparison patients. In fact, if reporting bias had oc-
curred, we would have expected to have seen an excess risk
of breast cancer among the implant patients, given that
this is the cancer that has received the most attention. In
addition, we were unable to validate all of the reported
cancers, particularly those diagnosed in the distant past, for
which many records were no longer available. It was thus
reassuring that for most cancer sites there was consistency
between the patients reports and documentation in their
medical records. For a few sites, in which there were incon-
sistencies between the two sources of information (e.g., for
cervical cancer and melanoma), more caution in interpreta-
tion of the findings may be warranted. However, it appears
that such inaccuracies similarly affected the implant and
the comparison patients, resulting in risk estimates being
biased towards the null.

In summary, in comparisons with the general population,
this study, like previous investigations (17, 23), found excess
risks of cervical, vulvar, and lung cancers among women
with previous augmentation mammoplasties. Internal com-
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parison of the implant patients with patients with other
types of plastic surgery suggested that the excesses of cervical
and vulvar cancers may be related to reproductive or lifestyle
characteristics of the implant patients, rather than to an
effect of their breast implants. Although the internal analy-
ses suggested similar risks for most cancer sites between the
implant and comparison patients, a few differences persisted,
including higher risks for respiratory and brain cancers, and
leukemia. The latter excess may be a chance finding, given
the histologic diversity of the observed cancers. Reasons
for the elevations of respiratory and brain cancers were
less apparent.

This study was dependent on access to records from a variety of plastic
surgeons and the willingness of many women to respond to detailed ques-
tionnaires. The successful completion of a variety of complex data collec-
tion tasks is due to the diligence of the following individuals at Abt
Associates, Inc., Chicago, IL: Missy Koppelman, Marisa Mitchell, Steve
Pickett, Marilyn Sawyer, Jon Schmalz, Zerene Tziorztis, and Kathryn Var-
gish, and to oversight of medical record abstraction activities by Meryl
Bloomrosen at Aspen Systems. Computer programming assistance from
Bob Banks at IMS, Inc., Rockville, MD is gratefully acknowledged. Ap-
preciation is also expressed to Drs. Peter Burger and Mark Sherman of
Johns Hopkins University for their expertise in reviewing pathologic slides
and blocks of brain cancer patients. Many helpful suggestions regarding
methodologic and interpretative issues were also received from members
of a Special Advisory Group to the NCI Board of Scientific Counselors
that was assembled for this study.
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