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Although breast-conserving surgery is the standard of care for early-stage breast cancer, many
women report breast asymmetry after this procedure. Risk factors for poor esthetic outcomes are
not well understood.

A self-administered survey was sent to patients who underwent lumpectomy (n = 898) at the
University of Michigan Medical Center between January 2002 and May 2006 (n = 714,
response rate = 79.5%). Breast asymmetry was assessed using items from the Breast Cancer
Treatment and Outcomes Survey. Responses were summed to generate a score, and linear
regression was used to generate adjusted breast asymmetry scores by patient-related factors (age,
body mass index [BMI], tumor size, and tumor position in the breast) and treatment factors
(reexcision lumpectomy, radiation therapy, and postoperative seroma).

Patient-related risk factors for breast asymmetry included younger age (asymmetry score: 18.7
versus 16.2, p = 0.03), higher BMI (17.1 versus 19.2, p = 0.007), and larger tumors (16.7
versus 19.1, p = 0.01). Resection of superior medial tumors and inferior lateral tumors was also
associated with substantially higher asymmetry. Treatment-related risk factors for asymmetry in-
cluded reexcision lumpectomy (18.1 versus 16.9, p = 0.013), postoperative seroma (19.3 versus
17.2, p = 0.005), and radiation therapy (17.9 versus 15.0, p = 0.008). Increasing breast asymmetry
score was associated with a higher odds of desiring breast reconstruction (odds ratio = 1.2, 95% CI,
1.13 to 1.30).

Both patient- and treatment-related factors place women at risk for poor esthetic outcomes after
breast-conserving surgery. Oncoplastic and reconstructive options should be considered for
those at a higher risk for poor esthetic outcomes at the time of consultation. (J Am Coll Surg

2008;206:274-280. © 2008 by the American College of Surgeons)

Breast-conserving surgery is the standard of care for early-
stage breast cancer and is considered an indicator of quality
of care."* Compared with mastectomy, breast-conserving
surgery is associated with less morbidity and disfigurement.
Patients can have unrealistic expectations of breast appear-
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ance postoperatively, and many patients report breast
asymmetry after breast-conserving surgery.”* Understand-
ing ways to optimize the esthetic outcomes after breast-
conserving surgery can improve patient satisfaction and the
quality of care delivered to breast cancer patients.

Risk factors for poor esthetic outcomes after breast-
conserving surgery are not well understood. For example,
women with larger breast size and younger women are
often perceived to be ideal breast-conserving surgery can-
didates. Few studies have systematically evaluated the effect
of patient factors, such as age and body habitus, on patient-
reported esthetic outcomes. Treatment factors can also play
an important role in postoperative esthetic outcomes after
breast-conserving surgery, such as the location of tumor in
the breast, occurrence of postoperative complications, and
need for tumor reexcision. Up to 60% of breast-conserving
surgery patients require multiple excisions to achieve
disease-free margins, but the effect of these multiple pro-
cedures on postoperative esthetic outcomes is unknown.’"'?
It is important to identify women at risk for poor esthetic

ISSN 1072-7515,/08/$34.00
doi:10.1016/j.jamcollsurg.2007.07.029


mailto:filip@med.umich.edu

Vol. 206, No. 2, February 2008 Waljee et al

Predictors of Asymmetry after Breast-Conserving Operation 275

Abbreviations and Acronyms

BCTOS = Breast Cancer Treatment and Outcomes survey
BMI = body mass index
OR = odds ratio

outcomes after breast-conserving surgery. These patients
might be candidates for additional surgical options, such as
oncoplastic techniques or reconstructive procedures, which
are associated with superior esthetic results and improved
longterm quality of life, compared with breast-conserving
operation alone.'*'*

To study this, we surveyed a sample of women at our insti-
tution who underwent lumpectomy during a 4-year period to
describe patient and treatment-level factors associated with
breast asymmetry after breast-conserving operation and to de-
termine the desire and pursuit of breast reconstruction among
women who undergo breast-conserving operation for breast
cancer.

METHODS

Study population

The study sample consisted of women who underwent
breast-conserving operations at the University of Michigan
Medical Center between January 2002 and May 2006 (n =
898). Of these women, 714 (79.5%) responded to the
survey."”” Women who underwent operations for benign
disease alone and women who underwent mastectomy
were excluded. The study protocol was approved by the
Institutional Review Board at the University of Michigan.
Nonresponders were slightly more likely to be younger
than responders (53.6 years versus 55.8 years), to be of
non-Caucasian race (8.8% African American, 12.3% of
other ethnicity), and less likely to have undergone reexci-
sion lumpectomy (45.9%).

Measures

Dependent variables included eight items from the Breast
Cancer Treatment and Outcomes survey (BCTOS) to de-
termine breast asymmetry. The BCTOS is a 22-item survey
instrument designed to measure perceived esthetic and
functional status after breast-conserving surgical treatment
and radiotherapy and validated in the breast cancer popu-
lation. Item construction and reduction were guided by
expert opinion. The BCTOS encompasses three domains:
functional status, cosmetic status, and breast-specific pain.
Psychometric analysis has demonstrated good internal con-
sistency of the scales (Cronbach’s o 0.81 to 0.91). Eight
items about esthetic outcomes were used in the mailed
survey to elicit patient-perceived postoperative breast

asymmetry (Appendix).'® Additionally, we asked patients
to rate differences in breast skin color. Answers to each item
were rated on a 4-point Likert scale (1 = no difference
between breasts, 2 = slight difference between breasts, 3 =
moderate difference between breasts, and 4 = large differ-
ence between breasts). Responses were summed to generate
an overall asymmetry score. Patients were also queried
about their desire to pursue, or receive, breast reconstruc-
tion. Patients were categorized as having undergone recon-
struction if they reported having any type of breast recon-
struction or a symmetry procedure on either the diseased or
contralateral breast.

The patient-level factors included in our analysis were
patient age, body habitus, tumor position in the breast, and
tumor size. Patient age at the time of operation was ob-
tained by report from the mailed survey. Body habitus in-
formation was categorized as body mass index (BMI) (cal-
culated as kg/m?) and was self-reported. Tumor size and
disease stage were obtained from the University of Mich-
igan Cancer Registry. Tumor size was categorized as:
<1cm, 1.0 to 1.9 ¢m, 2.0 to 2.9 cm, = 3.0 or larger.
Tumor stage was based on the 6™ edition of the American
Joint Commission on Cancer Coding and Staging Manual
(Springer, 2002). Pathologic stage information was avail-
able for 84% of patients. For those patients for whom
pathologic stage was not available, clinical stage was used
(16%). To determine position of the tumor within the
breast, patients were asked to mark the location of their
tumor on a diagram of the breast. These responses were
reviewed by the authors and categorized as: upper outer
quadrant tumors, upper inner quadrant tumors, lower
outer quadrant tumors, lower inner quadrant tumors, and
central tumors.

Treatment level factors included in our analysis were
number of reexcision lumpectomies, receipt of radiation
therapy, and occurrence of postoperative complications.
Information about reexcision was obtained from the med-
ical record. Reexcision was defined as any additional surgi-
cal breast procedure after either an excisional biopsy or
lumpectomy, excluding those procedures performed for
immediate postoperative complications, such as hematoma.
The receipt of postoperative radiation therapy and the occur-
rence of postoperative complications were obtained by patient
self-report. Patients were queried about these postoperative
complications: hemorrhage requiring reoperation, wound de-
hiscence, thromboembolic phenomena, surgical site infec-
tion, and the occurrence of postoperative seroma.

Statistical analysis

We used descriptive statistics to display the characteristics
of the patient sample and used Student’s #tests to generate
bivariate associations between our independent and depen-
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Table 1. Demographic Characteristics of the Study Population

Table 2. Clinical Characteristics of the Study Population

Characteristic n % Characteristic n %
Race Body habitus
Caucasian 555 90.1 BMI
African American 34 5.5 <25 251 38.9
Other 27 4.4 25-30 221 34.3
Education 31-35 97 15.0
High school or less 144 23.2 = 35 76 11.8
Some college 214 345 Position of the tumor in the breast
College graduates or beyond 263 42.4 Upper outer 269 51.1
Annual income Upper inner 101 19.2
< $30,000 92 17.0 Lower inner 43 8.2
$30,000-$59,999 156 28.8 Lower outer 78 14.8
> $60,000 293 54.2 Central 35 6.7
Marital status, married or partnered 450 72.9 Disease factors
Age (y) No. of lumpectomies
40 or younger 48 7.7 1 322 51.4
41-50 159 25.4 2 263 42.0
51-60 209 33.4 3 or more 41 6.6
61-70 118 18.9 Tumor size (cm)
71 or older 92 14.7 <1 210 34.2
1.0-1.9 240 39.1
. . 2.0-2.9 108 17.6
dent variables. We chose to collapse the category of multi- >3 56 91
ple excisions to two or more excisions. Few women under- . — :
o o o Received radiation therapy 585 86.4
went three or more excisions, and we had limited statistical Di
. X . isease stage
power to perform this subgroup analysis. We specifically I sicw disease 45 713
excluded patients who required a mastectomy from this I 314 46.0
analysis, as the BCTOS was not designed to capture es- T 187 27' 7
thetic outcomes in this Populatlon. . Mo TV 36 53
We tested the correlation between esthetic outcomes and P - —
. . , | . ostoperative complications
each independent variable using linear regression and gen-
g . . Hemorrhage 12 1.8
erated adjusted asymmetry scores by independent vari- .
. . . ) Wound dehiscence 19 2.9
ables. Of the postoperative complications included in our ,
usi . h | licati Thromboembolism 6 0.9
analysis, postoperative seroma was the only complication Infection 5 32
substantially associated with breast symmetry and was the
Seroma 96 14.6

only complication included in the multivariate analysis.
Additionally, both bra cup size and BMI were highly cor-
related when testing for multicollinearity in our regression
analysis. We elected to include BMI in our multivariate anal-
ysis as a measure of breast size. Logistic regression was used to
assess the correlation of patient- and treatment-related factors
and desire and pursuit of breast reconstruction. Second-order
interactions were tested, but no statistically or clinically signif-
icant interactions were found. Wald tests were used to test for
differences for group variables. A p value < 0.05 was consid-
ered statistically significant. All analysis was performed using

STATA 9.0. (Stata Corp).

RESULTS

Table 1 displays the demographic characteristics of the
study sample. The majority (90.1%) of patients was Cau-

BMI, body mass index (calculated as kg/m?).

casian, college graduates (42.4%), and had an annual in-
come > $60,000 (56.2%). Most women (74.1%) were
married or partnered, and mean age was 53.4 years.

Table 2 details the clinical characteristics of the study
sample. With respect to BMI, 37.9% of women reported
a BMI < 25, 35.4% reported a BMI between 25 and 30,
15.2% reported a BMI from 31 to 35, and 11.5% re-
ported a BMI > 40. Approximately half of the women
reported that their tumors were located in the upper
outer quadrant of their breast (51.1%), and 19% re-
ported upper inner quadrant tumors. Only 9% reported
lower inner quadrant tumors, 15.5% reported lower
outer quadrant tumors, and 2.4% reported central
tumors.
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Table 3. Patient and Treatment Factors Correlated with
Breast Asymmetry after Breast-Conservation Therapy

Table 4. Subgroup Analysis of Aspects of Breast Asymmetry
by Receipt of Reexcision Lumpectomy

Adjusted breast

Breast cancer treatment and

asymmetry outcomes survey score
Patient factors score p Value One Two or more
Patient age (y) Aspect excision excisions p Value
40 or younger 18.7 0.41 Breast size 2.29 2.46 0.01
41-50 18.2 0.46 Hardening of breast 1.85 1.92 0.35
51-60 17.7 Reference Breast skin color 1.69 1.59 0.17
61-70 16.2 0.04 Fit of your clothing 1.56 1.67 0.08
71 or older 16.5 0.13 Fit of your bra 1.93 2.08 0.03
Wald test 2.69 (p = 0.03) Nipple appearance 1.90 2.03 0.14
BMI Scar tissue 2.21 2.48 0.001
<25 17.1 Reference Breast retraction 1.71 1.95 0.001
25-30 17.4 0.55 Breast shape 2.15 2.40 0.001
31-35 17.8 0.33 Total breast asymmetry score
=35 19.2 0.007 (sum of all above items) ~ Mean 17.11 Mean 18.41  0.002
Wald test 2.55 (p = 0.06) Scale ranges from 1 (little to no difference between breasts) to 4 (large differ-
Tumor size, cm ence between breasts). Higher scores represent larger breast asymmetry.
<1 16.7 Reference
1.0-1.9 17.7 0.05 most common complication being the occurrence of post-
2.0-2.9 18.0 0.06 operative seroma (13.1%).
=3 19.1 0.015 Table 3 displays adjusted breast asymmetry scores after
Wald test 2.16 (p = 0.09) breast-conserving operation for each independent variable.
Position of the tumor in the breast Higher scores represent increasing asymmetry between the
Upper outer 17.0 Reference  fiseased breast and the contralateral breast. With respect to
Upper 1nner 18.7 0.006 patient factors, younger women reported higher asymme-
Lower inner 16.3 042 try scores (40 years or younger, 18.7; 41 to 50 years, 18.2;
Lower outer 18.6 0.022 51 to 60 years, 17.7; 61 to 70 years, 16.2; 71 years and
Central 17.9 0.62 older, 16.5; Wald test = 2.69, p = 0.03). Additionally,
Treatfn(/:: Zzors 330 (p = 0.01) women with higher BMI reported increasingly higher
Postoperative scroma scores of breast asymmetry (< 25:17.1, 25 to 30: 17.4, 31
No 3 T — t0'35: 17.8,>35:19.2, Wald test 2.13, p = 0.06). Women
Ve 93 0.005 with larger tumors reported more breast asymmetry (tumors
No of cxcisions < 1cm: 16.7, tumors 1.0 to 1.9 cm: 17.7, tumors 2.0 to 2.9
] T P m— cm: 18.0, tumors 2'3 cm: 19.1., Wald test: 3.30, p = 0.01).
=~ 81 0013 Finally, women with upper inner quadrant tumors re-
Radiation therapy ported the highest asymmetry score (asymmetry score
No 50 Reference 18.7), followed by lower outer quadrant tumors (asymme-
Yes 79 0.008 try score: 18.6), followed by central tumors (asymmetry

Higher asymmetry scores represent more asymmetry between the diseased
breast and the contralateral breast.
BMI, body mass index (calculated as kg/m?).

In this sample, 50.3% of women underwent only 1 sur-
gical excision of their breast cancer, 43.0% underwent 2
surgical procedures, and 6.7% underwent 3 procedures
(Table 2). In this sample, 92% of women received radiation
therapy, and most women (73.2%) presented with tumors
< 2 cm. The majority of women had either in situ disease
or stage I disease (70.1%). Overall, 24.4% of women re-
ported experiencing a postoperative complication, with the

score: 17.9), upper outer tumors (asymmetry score: 17.0),
and lower inner tumors (asymmetry score: 16.3) (Wald
test = 3.36, p = 0.01). With respect to treatment factors,
women who underwent reexcision had significantly higher
asymmetry scores compared with women who did not un-
dergo reexcision (18.1 versus 16.9, p = 0.013). Women
who reported the occurrence of a postoperative seroma had
higher breast asymmetry scores compared with women
who did not (19.3 versus 17.2, p = 0.005), and women
who received radiation therapy had significantly higher
asymmetry scores compared with women who did not re-
ceive radiation therapy (17.9 versus 15.0, p = 0.008).
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Table 4 displays a subgroup analysis of breast asymme-
try by reexcision lumpectomy. Scores for each aspect of
asymmetry range from 1 (least asymmetry) to 4 (most
asymmetry). Women who underwent multiple breast
lumpectomies reported significantly more asymmetry in
breast size (2.46 versus 2.29, p = 0.01), fit of bra (2.08
versus 1.93, p = 0.03), presence of scar tissue (2.48
versus 2.21, p < 0.001), breast retraction (1.95 versus
1.71, p < 0.001), and breast shape (2.40 versus 2.5, p =
0.001) compared with women who did not require any
reexcisions. Across all measures of breast symmetry,
women who underwent 2 or more excisions reported
significantly higher asymmetry scores compared with
women who underwent only 1 excision (18.4 versus
17.1, p = 0.002).

Table 5 details the desire and receipt of breast reconstruc-
tion after breast-conserving operation in the study sample.
Increasing breast asymmetry score was associated with a
higher odds of desiring, but not receiving, breast reconstruc-
tion (odds of desiring breast reconstruction = 1.2, 95% CI,
1.13 to 1.30; odds of undergoing breast reconstruction = 1.1,
95% CI, 0.95 to 1.17). Additionally, women who received
radiation therapy were significantly less likely to desire, or to
receive, breast reconstruction after breast-conserving opera-
tion (odds of desiring breast reconstruction = 0.1; 95% CI,
0.02 to 0.23; odds of undergoing breast reconstruction = 0.1,
95% CI, 0.03 to 0.56). Finally, younger women were more
likely to desire breast reconstruction (odds ratio [OR] = 3.1;
95% CI, 1.01 to 9.34) and receive breast reconstruction
(OR = 5.1; 95% CI, 1.18 to 21.91) after breast-conserving
operation compared with women aged 51 to 60 years.

DISCUSSION

In this sample of women undergoing breast-conserving op-
eration, both patient and treatment factors are correlated
with postoperative breast asymmetry. Important patient-
related risk factors include younger age, larger body habi-
tus, larger tumor size, and tumor position, specifically su-
perior medial tumors and inferior lateral tumors.
Treatment-related risk factors for postoperative asymmetry
include tumor reexcision, postoperative seroma, and radi-
ation therapy. Reexcision after initial lumpectomy was
common and was associated with substantially more breast
asymmetry with respect to breast size, breast shape, breast
retraction, and fit of undergarments. Finally, increasing
breast asymmetry score was significantly correlated with a
desire for breast reconstruction after breast-conserving
operation.

This study is one of the first to examine the effect of both
patient- and treatment-related factors on esthetic outcomes
after breast-conserving operation. Although many studies

Table 5. Desire and Pursuit of Breast Reconstruction after
Breast-Conserving Operation

Patient factors

0Odds of
desiring breast
reconstruction

0Odds of
undergoing breast
reconstruction

Age (y)
40 or younger 3.0 (0.99-9.25) 4.9 (1.11-21.2)
41-50 1.2 (0.50-2.84) 0.7 (0.15-3.13)
51-60 Reference Reference
61-70 0.4 (0.09-1.38) 2.0 (0.53-7.40)
71 or older 0.07 (0.01-0.63) 0.4 (0.06-2.93)
Wald test 13.7 (p = 0.01) 8.3 (p = 0.08)
BMI
<25 Reference Reference
25-30 2.0 (0.83-4.89) 2.2 (0.63-7.36)
31-35 1.1 (0.33-3.51) 1.4 (0.31-6.62)
=35 2.0 (0.60-6.37) 2.7 (0.57-12.7)
Wald test 3.21 (p = 0.38) 2.2 (p =0.53)
Tumor size (cm)
<1 Reference Reference
1.0-1.9 0.7 (0.28-1.65) 0.5 (0.15-1.35)
2.0-2.9 0.6 (0.20-1.82) 0.2 (0.02-1.24)
=3 1.9 (0.61-5.96) 0.9 (0.21-3.87)
Wald test 2.36 (p = 0.23) 4.5 (p=0.21)

Breast asymmetry score

1.2 (1.13-1.30)

1.06 (0.96-1.17)

Treatment factors

Postoperative seroma

No

Reference

Reference

Yes

1.0 (0.35-2.70)

1.7 (0.44-6.67)

No. of excisions

1 Reference Reference

=2 2.0 (0.91-4.21) 1.6 (0.60-4.31)
Radiation therapy

No Reference Reference

Yes 0.1 (0.02-0.24) 0.1 (0.03-0.56)

BMI, body mass index (calculated as kg/m?).

have used expert opinion to measure esthetic outcomes,
our results might be more relevant to changing current
clinical practice, as they reflect patient perceptions of their
breast appearance. With respect to patient factors, our re-
sults suggest that younger women and those with a larger
body habitus can be at an increased risk for poor esthetic
outcomes after breast-conserving operation. Although
women with larger body habitus or breast size might be
more frequently counseled to undergo breast conservation,
our results are consistent with other studies indicating that
higher BMI confers an increased risk of postoperative
breast asymmetry."” Similarly, younger women might be
more likely to be counseled toward breast-conserving op-
eration in an effort to preserve their breast. Younger com-
pared with older women can have different body image



Vol. 206, No. 2, February 2008 Waljee et al

Predictors of Asymmetry after Breast-Conserving Operation 279

perceptions and can be more sensitive to postoperative
changes in their breast appearance.'® For example, in our
study, we noted an independent effect of age on desire for
reconstruction, and younger women were more likely to
desire and undergo breast reconstruction compared with
older women. Although the reasons for this are unclear,
such findings might support the theory that breast appear-
ance can be weighted differently by younger women when
considering their body image.

Consistent with our findings, previous authors have
shown that treatment factors, such as radiation therapy
and tumor size, are correlated with poorer esthetic re-
sults after breast-conserving operation.'”*° There is little
existing data about the relationship between reexcision
lumpectomy and esthetic outcomes. The effect of in-
creasing tumor size and reexcision lumpectomy on post-
operative esthetic outcomes might be related to the total
volume of breast tissue removed.”"** Similarly, postop-
erative seroma can be an indication of a larger tissue
specimen removed, resulting in postoperative deformity.
Patients with large lumpectomy resections might be can-
didates for reconstructive techniques, such as a latissi-
mus dorsi muscle flap, for volume restoration. Onco-
plastic and reconstructive procedures can often help
preserve breast size and prevent breast retraction that is
worsened with radiation therapy.

Limitations

This study has several notable limitations. Although we
had an excellent patient response rate, nonresponders
might have differed in aspects we were unable to discern.
Additionally, as this is a single-institution study, the
population of breast cancer patients at our center can
differ substantially from other centers, and our results
might not be applicable to other women. The study
sample was relatively homogeneous with respect to so-
ciodemographic characteristics, and we were not likely
to capture variation in patient-perceived breast esthetics
by race and ethnicity. Finally, these findings reflect the
postoperative assessment of asymmetry of patients only.
Patients might have had breast asymmetry before their
operation, which they were unaware of or attributed to
postoperative changes. Patients’ recall of their treatment
experiences and complications can be influenced by
their postoperative esthetic result. It is possible that pa-
tients with superior esthetic results are less likely to re-
member or report complications. Although these effects
are difficult to discern in a cross-sectional study, future
research using a longitudinal study design might offer
insight into the complex interactions between patient
memory and postoperative outcomes.

Implications

Surgeons should be aware of the risk factors for breast
asymmetry after breast-conserving operation, and should
counsel patients who are at an increased risk for poor
esthetic results about oncoplastic and reconstructive op-
tions. Unfortunately, our data suggest that women who
experience breast asymmetry might desire, but not nec-
essarily receive, breast reconstruction. This disparity
might relate to financial and educational barriers to
breast reconstruction. For example, the 1998 Women’s
Health and Cancer Rights Act covers reconstructive pro-
cedures associated with mastectomy, but not breast-
conserving operation.”® The extent to which insurance
carriers deny coverage for postlumpectomy defects is
unknown and warrants exploration. In addition, pa-
tients might not receive adequate counseling about re-
construction. With respect to mastectomy patients, gen-
eral surgeons provide limited referrals for reconstructive
operation.” The extent to which this exists in the
lumpectomy population is unknown. In addition, edu-
cational information and decision aids frequently do not
incorporate information about oncoplastic or recon-
structive options.”**> Improving educational support
and identifying high-risk patients for poor esthetic out-
comes can facilitate the decision-making process, im-
prove surgical expectations, and advance the quality of
care for breast cancer patients.

Appendix

Survey items assessing breast asymmetry after
breast-conserving operation

Items included eight questions from the BCTOS and one
additional question regarding breast discoloration.

Please rate the difference between the treated and un-
treated breast on a scale of 1 to 4 (1 = no difference, 2 =
slight difference, 3 = moderate difference, 4 = large dif-
ference) for the following items:

Your breast size
Hardening of your breast
Breast skin color

Fit of your clothing

Fit of your bra

Nipple appearance

Scar tissue

Breast elevation

Breast shape

OO N AV AR =

Author Contributions

Study conception and design: Waljee, Alderman
Acquisition of data: Waljee, Hu, Alderman



280

Waljee et al

Predictors of Asymmetry after Breast-Conserving Operation

J Am Coll Surg

Analysis and interpretation of data: Waljee, Hu, Newman,

Alderman

Drafting of manuscript: Waljee, Hu, Newman, Alderman
Critical revision: Waljee, Hu, Newman, Alderman

Acknowledgment: We would like to thank Mrs. Gretchen
Miela at the University of Michigan Cancer Registry for her
assistance in data collection.

REFERENCES

1.

10.

11.

Singletary SE. Breast cancer surgery for the 21st century: the
continuing evolution of minimally invasive treatments. Minerva

Chir 2006;61:333-352.

. NIH Consensus Conference. Treatment of early-stage breast

cancer. JAMA 1991;265:391-395.

. Hillner BE, Smith TJ, Desch CE. Hospital and physician volume

or specialization and outcomes in cancer treatment: importance in
quality of cancer care. ] Clin Oncol 2000;18:2327-2340.

. Lazovich DA, White E, Thomas DB, et al. Underutilization of

breast-conserving surgery and radiation therapy among women

with stage I or II breast cancer. JAMA 1991;266:3433-3438.

. D’Aniello C, Grimaldi L, Barbato A, et al. Cosmetic results in

242 patients treated by conservative surgery for breast cancer.

Scand J Plast Reconstr Surg Hand Surg 1999;33:419-422.

. Bajaj AK, Kon PS, Oberg KC, et al. Aesthetic outcomes in

patients undergoing breast conservation therapy for the treat-
ment of localized breast cancer. Plast Reconstr Surg 2004;114:

1442-1449.

. Asgeirsson KS, Rasheed T, McCulley SJ, et al. Oncological and

cosmetic outcomes of oncoplastic breast conserving surgery. Eur

J Surg Oncol 2005;31:817-823.

. McPhail G, Wilson S. Women’s experience of breast conserving

treatment for breast cancer. Eur J Cancer Care (Engl) 2000;9:
144-150.

. Cellini C, Hollenbeck ST, Christos P, et al. Factors associated

with residual breast cancer after re-excision for close or positive
margins. Ann Surg Oncol 2004;11:915-920.

Keskek M, Kothari M, Ardehali B, et al. Factors predisposing to
cavity margin positivity following conservation surgery for
breast cancer. Eur J Surg Oncol 2004;30:1058-1064.

Papa MZ, Zippel D, Koller M, et al. Positive margins of breast
biopsy: is reexcision always necessary? J Surg Oncol 1999;70:
167-171.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Cellini C, Huston TL, Martins D, et al. Multiple re-excisions
versus mastectomy in patients with persistent residual disease
following breast conservation surgery. Am ] Surg 2005;189:
662-666.

Cocquyt VE Blondeel PN, Depypere HT, et al. Better cosmetic
results and comparable quality of life after skin-sparing mastec-
tomy and immediate autologous breast reconstruction com-
pared to breast conservative treatment. Br ] Plast Surg 2003;56:
462-470.

Arora NK, Gustafson DH, Hawkins RD, et al. Impact of surgery
and chemotherapy on the quality of life of younger women with
breast carcinoma: a prospective study. Cancer 2001;92:1288—
1298.

Dillman D. Mail and telephone surveys: the total design
method. New York: Wiley Intersciences; 1978.

Stanton AL, Krishnan L, Collins CA. Form or function? Part 1.
Subjective cosmetic and functional correlates of quality of life in
women treated with breast-conserving surgical procedures and
radiotherapy. Cancer 2001;91:2273-2281.

Johansen J, Overgaard J, Rose C, et al. Cosmetic outcome and
breast morbidity in breast-conserving treatment—results from
the Danish DBCG-82TM national randomized trial in breast
cancer. Acta Oncol 2002;41:369-380.

Franzoi SL, Koehler V. Age and gender differences in body atti-
tudes: a comparison of young and elderly adults. Int J Aging
Hum Dev 1998;47:1-10.

Deutsch M, Flickinger JC. Patient characteristics and treatment
factors affecting cosmesis following lumpectomy and breast ir-
radiation. Am J Clin Oncol 2003;26:350-353.

Taylor ME, Perez CA, Halverson KJ, et al. Factors influencing
cosmetic results after conservation therapy for breast cancer. Int
J Radiat Oncol Biol Phys 1995;31:753-764.

Fedorcik GG, Sachs R, Goldfarb MA. Oncologic and aesthetic
results following breast-conserving therapy with 0.5 cm margins
in 100 consecutive patients. Breast ] 2006;12:208-211.
Cardoso M]J, Cardoso J, Santos AC, et al. Factors determining
esthetic outcome after breast cancer conservative treatment.
Breast ] 2007;13:140—146.

Alderman AK, Wei Y, Birkmeyer JD. Use of breast reconstruc-
tion after mastectomy following the Women’s Health and Can-
cer Rights Act. JAMA 2006;295:387-388.

Alderman AK, Hawley ST, Waljee J, et al. Correlates of referral
practices of general surgeons to plastic surgeons for mastectomy
reconstruction. Cancer 2007;109:1715-1720.

Waljee JF, Rogers MA, Alderman AK. Decision aids and breast
cancer: do they influence choice for surgery and knowledge of
treatment options? J Clin Oncol 2007;25:1067-1073.



	Predictors of Breast Asymmetry after Breast-Conserving Operation for Breast Cancer
	METHODS
	Study population
	Measures
	Statistical analysis

	RESULTS
	DISCUSSION
	Limitations
	Implications
	Appendix
	Survey items assessing breast asymmetry after breast-conserving operation

	Author Contributions

	Acknowledgment
	REFERENCES


