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redictors of Breast Asymmetry after
reast-Conserving Operation for Breast Cancer

ennifer F Waljee, MD, MPH, Emily S Hu, MD, Lisa A Ne wman, MD, MPH, FA C S ,
my K Alderman, MD, MPH, FA C S

BACKGROUND: Although breast-conser ving surger y is the standard of care for early-stage breast cancer, many
women repor t breast asymmetr y after this procedure. Risk factors for poor esthetic outcomes are
not well understood.

STUDY DESIGN: A self-administered sur vey was sent to patients who under went lumpectomy (n � 898) at the
University of Michigan Medical Center between Januar y 2002 and May 2006 (n � 714,
response rate � 79.5%). Breast asymmetr y was assessed using items from the Breast Cancer
Treatment and Outcomes Sur vey. Responses were summed to generate a score, and linear
regression was used to generate adjusted breast asymmetr y 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).

RESULTS: Patient-related risk factors for breast asymmetr y included younger age (asymmetr y 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 asymmetr y. Treatment-related risk factors for asymmetr y 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 asymmetr y
score was associated with a higher odds of desiring breast reconstr uction (odds ratio � 1.2, 95% CI,
1.13 to 1.30).

CONCLUSIONS: Both patient- and treatment-related factors place women at risk for poor esthetic outcomes after
breast-conser ving surger y. Oncoplastic and reconstr uctive 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)
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reast-conser ving surger y is the standard of care for early-
tage breast cancer and is considered an indicator of quality
f care.1-4 Compared with mastectomy, breast-conser ving
urger y is associated with less morbidity and disfigurement.
atients can have unrealistic expectations of breast appear-
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nce postoperatively, and many patients repor t breast
symmetr y after breast-conser ving surger y.5-8 Understand-
ng ways to optimize the esthetic outcomes after breast-
onser ving surger y can improve patient satisfaction and the
uality of care delivered to breast cancer patients.

Risk factors for poor esthetic outcomes after breast-
onser ving surger y are not well understood. For example,
omen with larger breast size and younger women are
ften perceived to be ideal breast-conser ving surger y can-
idates. Fe w studies have systematically evaluated the effect
f patient factors, such as age and body habitus, on patient-
epor ted esthetic outcomes. Treatment factors can also play
n impor tant role in postoperative esthetic outcomes after
reast-conser ving surger y, such as the location of tumor in
he breast, occurrence of postoperative complications, and
eed for tumor reexcision. Up to 60% of breast-conser ving
urger y patients require multiple excisions to achieve
isease-free margins, but the effect of these multiple pro-
edures on postoperative esthetic outcomes is unknown.9-12
t is impor tant to identify women at risk for poor esthetic
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utcomes after breast-conserving surgery. These patients
ight be candidates for additional surgical options, such as

ncoplastic techniques or reconstructive procedures, which
re associated with superior esthetic results and improved
ongterm quality of life, compared with breast-conserving
peration alone.13,14

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

ancer.

ETHODS
tudy population
he study sample consisted of women who underwent
reast-conserving operations at the University of Michigan
edical Center between January 2002 and May 2006 (n �

98). Of these women, 714 (79.5%) responded to the
urvey.15 Women who underwent operations for benign
isease alone and women who underwent mastectomy
ere excluded. The study protocol was approved by the

nstitutional Review Board at the University of Michigan.
onresponders were slightly more likely to be younger

han responders (53.6 years versus 55.8 years), to be of
on-Caucasian race (8.8% African American, 12.3% of
ther ethnicity), and less likely to have undergone reexci-
ion lumpectomy (45.9%).

easures
ependent variables included eight items from the Breast
ancer Treatment and Outcomes survey (BCTOS) to de-

ermine breast asymmetry. The BCTOS is a 22-item survey
nstrument designed to measure perceived esthetic and
unctional status after breast-conserving surgical treatment
nd radiotherapy and validated in the breast cancer popu-
ation. Item construction and reduction were guided by
xpert opinion. The BCTOS encompasses three domains:
unctional status, cosmetic status, and breast-specific pain.
sychometric analysis has demonstrated good internal con-
istency of the scales (Cronbach’s � 0.81 to 0.91). Eight
tems about esthetic outcomes were used in the mailed

Abbreviations and Acronyms

BCTOS � Breast Cancer Treatment and Outcomes survey
BMI � body mass index
OR � odds ratio
urvey to elicit patient-perceived postoperative breast b
symmetry (Appendix).16 Additionally, we asked patients
o rate differences in breast skin color. Answers to each item
ere rated on a 4-point Likert scale (1 � no difference
etween breasts, 2 � slight difference between breasts, 3 �
oderate difference between breasts, and 4 � large differ-

nce between breasts). Responses were summed to generate
n overall asymmetry score. Patients were also queried
bout their desire to pursue, or receive, breast reconstruc-
ion. Patients were categorized as having undergone recon-
truction if they reported having any type of breast recon-
truction or a symmetry procedure on either the diseased or
ontralateral breast.

The patient-level factors included in our analysis were
atient age, body habitus, tumor position in the breast, and
umor size. Patient age at the time of operation was ob-
ained by report from the mailed survey. Body habitus in-
ormation was categorized as body mass index (BMI) (cal-
ulated as kg/m2) and was self-reported. Tumor size and
isease stage were obtained from the University of Mich-
gan Cancer Registry. Tumor size was categorized as:

1 cm, 1.0 to 1.9 cm, 2.0 to 2.9 cm, � 3.0 or larger.
umor stage was based on the 6th edition of the American
oint Commission on Cancer Coding and Staging Manual
Springer, 2002). Pathologic stage information was avail-
ble for 84% of patients. For those patients for whom
athologic stage was not available, clinical stage was used
16%). To determine position of the tumor within the
reast, patients were asked to mark the location of their
umor on a diagram of the breast. These responses were
eviewed by the authors and categorized as: upper outer
uadrant tumors, upper inner quadrant tumors, lower
uter quadrant tumors, lower inner quadrant tumors, and
entral tumors.

Treatment level factors included in our analysis were
umber of reexcision lumpectomies, receipt of radiation
herapy, and occurrence of postoperative complications.
nformation about reexcision was obtained from the med-
cal record. Reexcision was defined as any additional surgi-
al breast procedure after either an excisional biopsy or
umpectomy, excluding those procedures performed for
mmediate postoperative complications, such as hematoma.
he receipt of postoperative radiation therapy and the occur-

ence of postoperative complications were obtained by patient
elf-report. Patients were queried about these postoperative
omplications: hemorrhage requiring reoperation, wound de-
iscence, thromboembolic phenomena, surgical site infec-
ion, and the occurrence of postoperative seroma.

tatistical analysis
e used descriptive statistics to display the characteristics

f the patient sample and used Student’s t-tests to generate

ivariate associations between our independent and depen-
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ent variables. We chose to collapse the category of multi-
le excisions to two or more excisions. Few women under-
ent three or more excisions, and we had limited statistical
ower to perform this subgroup analysis. We specifically
xcluded patients who required a mastectomy from this
nalysis, as the BCTOS was not designed to capture es-
hetic outcomes in this population.

We tested the correlation between esthetic outcomes and
ach independent variable using linear regression and gen-
rated adjusted asymmetry scores by independent vari-
bles. Of the postoperative complications included in our
nalysis, postoperative seroma was the only complication
ubstantially associated with breast symmetry and was the
nly complication included in the multivariate analysis.
dditionally, both bra cup size and BMI were highly cor-

elated when testing for multicollinearity in our regression
nalysis. We elected to include BMI in our multivariate anal-
sis as a measure of breast size. Logistic regression was used to
ssess the correlation of patient- and treatment-related factors
nd desire and pursuit of breast reconstruction. Second-order
nteractions were tested, but no statistically or clinically signif-
cant interactions were found. Wald tests were used to test for
ifferences for group variables. A p value � 0.05 was consid-
red statistically significant. All analysis was performed using
TATA 9.0. (Stata Corp).

ESULTS
able 1 displays the demographic characteristics of the

able 1. Demographic Characteristics of the Study Population
haracteristic n %

ace
Caucasian 555 90.1
African American 34 5.5
Other 27 4.4

ducation
High school or less 144 23.2
Some college 214 34.5
College graduates or beyond 263 42.4

nnual income
� $30,000 92 17.0
$30,000–$59,999 156 28.8
� $60,000 293 54.2
arital status, married or partnered 450 72.9

ge (y)
40 or younger 48 7.7
41–50 159 25.4
51–60 209 33.4
61–70 118 18.9
71 or older 92 14.7
tudy sample. The majority (90.1%) of patients was Cau- t
asian, college graduates (42.4%), and had an annual in-
ome � $60,000 (56.2%). Most women (74.1%) were
arried or partnered, and mean age was 53.4 years.
Table 2 details the clinical characteristics of the study

ample. With respect to BMI, 37.9% of women reported
BMI � 25, 35.4% reported a BMI between 25 and 30,
5.2% reported a BMI from 31 to 35, and 11.5% re-
orted a BMI � 40. Approximately half of the women
eported that their tumors were located in the upper
uter quadrant of their breast (51.1%), and 19% re-
orted upper inner quadrant tumors. Only 9% reported

ower inner quadrant tumors, 15.5% reported lower
uter quadrant tumors, and 2.4% reported central

able 2. Clinical Characteristics of the Study Population
haracteristic n %

ody habitus
BMI

� 25 251 38.9
25–30 221 34.3
31–35 97 15.0
� 35 76 11.8

osition of the tumor in the breast
Upper outer 269 51.1
Upper inner 101 19.2
Lower inner 43 8.2
Lower outer 78 14.8
Central 35 6.7
isease factors
No. of lumpectomies

1 322 51.4
2 263 42.0
3 or more 41 6.6

Tumor size (cm)
� 1 210 34.2
1.0–1.9 240 39.1
2.0–2.9 108 17.6
� 3 56 9.1

Received radiation therapy 585 86.4
Disease stage

In situ disease 145 21.3
I 314 46.0
II 187 27.4
III or IV 36 5.3

Postoperative complications
Hemorrhage 12 1.8
Wound dehiscence 19 2.9
Thromboembolism 6 0.9
Infection 87 13.2
Seroma 96 14.6

MI, body mass index (calculated as kg/m2).
umors.
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In this sample, 50.3% of women underwent only 1 sur-
ical excision of their breast cancer, 43.0% underwent 2
urgical procedures, and 6.7% underwent 3 procedures
Table 2). In this sample, 92% of women received radiation
herapy, and most women (73.2%) presented with tumors

2 cm. The majority of women had either in situ disease
r stage I disease (70.1%). Overall, 24.4% of women re-

able 3. Patient and Treatment Factors Correlated with
reast Asymmetry after Breast-Conservation Therapy

atient factors

Adjusted breast
asymmetry

score p Value

atient age (y)
40 or younger 18.7 0.41
41– 50 18.2 0.46
51–60 17.7 Reference
61–70 16.2 0.04
71 or older 16.5 0.13

Wald test 2.69 (p � 0.03)
MI
� 25 17.1 Reference
25–30 17.4 0.55
31–35 17.8 0.33
� 35 19.2 0.007

Wald test 2.55 (p � 0.06)
umor size, cm
� 1 16.7 Reference
1.0–1.9 17.7 0.05
2.0–2.9 18.0 0.06
� 3 19.1 0.015

Wald test 2.16 (p � 0.09)
osition of the tumor in the breast
Upper outer 17.0 Reference
Upper inner 18.7 0.006
Lower inner 16.3 0.42
Lower outer 18.6 0.022
Central 17.9 0.62

Wald test 3.30 (p � 0.01)
reatment factors
Postoperative seroma

No 17.2 Reference
Yes 19.3 0.005

No. of excisions
1 16.9 Reference
� 2 18.1 0.013

Radiation therapy
No 15.0 Reference
Yes 17.9 0.008

igher asymmetry scores represent more asymmetry between the diseased
reast and the contralateral breast.
MI, body mass index (calculated as kg/m2).
orted experiencing a postoperative complication, with the c
ost common complication being the occurrence of post-
perative seroma (13.1%).

Table 3 displays adjusted breast asymmetry scores after
reast-conserving operation for each independent variable.
igher scores represent increasing asymmetry between the

iseased breast and the contralateral breast. With respect to
atient factors, younger women reported higher asymme-
ry scores (40 years or younger, 18.7; 41 to 50 years, 18.2;
1 to 60 years, 17.7; 61 to 70 years, 16.2; 71 years and
lder, 16.5; Wald test � 2.69, p � 0.03). Additionally,
omen with higher BMI reported increasingly higher

cores of breast asymmetry (� 25: 17.1, 25 to 30: 17.4, 31
o 35: 17.8, � 35: 19.2, Wald test 2.13, p � 0.06). Women
ith larger tumors reported more breast asymmetry (tumors
1 cm: 16.7, tumors 1.0 to 1.9 cm: 17.7, tumors 2.0 to 2.9

m: 18.0, tumors � 3 cm: 19.1, Wald test: 3.30, p � 0.01).
inally, women with upper inner quadrant tumors re-
orted the highest asymmetry score (asymmetry score
8.7), followed by lower outer quadrant tumors (asymme-
ry score: 18.6), followed by central tumors (asymmetry
core: 17.9), upper outer tumors (asymmetry score: 17.0),
nd lower inner tumors (asymmetry score: 16.3) (Wald
est � 3.36, p � 0.01). With respect to treatment factors,
omen who underwent reexcision had significantly higher

symmetry scores compared with women who did not un-
ergo reexcision (18.1 versus 16.9, p � 0.013). Women
ho reported the occurrence of a postoperative seroma had
igher breast asymmetry scores compared with women
ho did not (19.3 versus 17.2, p � 0.005), and women
ho received radiation therapy had significantly higher

symmetry scores compared with women who did not re-

able 4. Subgroup Analysis of Aspects of Breast Asymmetry
y Receipt of Reexcision Lumpectomy

Breast cancer treatment and
outcomes survey score

spect
One

excision
Two or more

excisions p Value

reast size 2.29 2.46 0.01
ardening of breast 1.85 1.92 0.35
reast skin color 1.69 1.59 0.17
it of your clothing 1.56 1.67 0.08
it of your bra 1.93 2.08 0.03
ipple appearance 1.90 2.03 0.14

car tissue 2.21 2.48 0.001
reast retraction 1.71 1.95 0.001
reast shape 2.15 2.40 0.001
otal breast asymmetry score
(sum of all above items) Mean 17.11 Mean 18.41 0.002

cale ranges from 1 (little to no difference between breasts) to 4 (large differ-
nce between breasts). Higher scores represent larger breast asymmetry.
eive radiation therapy (17.9 versus 15.0, p � 0.008).
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Table 4 displays a subgroup analysis of breast asymme-
ry by reexcision lumpectomy. Scores for each aspect of
symmetry range from 1 (least asymmetry) to 4 (most
symmetry). Women who underwent multiple breast
umpectomies reported significantly more asymmetry in
reast size (2.46 versus 2.29, p � 0.01), fit of bra (2.08
ersus 1.93, p � 0.03), presence of scar tissue (2.48
ersus 2.21, p � 0.001), breast retraction (1.95 versus
.71, p � 0.001), and breast shape (2.40 versus 2.5, p �
.001) compared with women who did not require any
eexcisions. Across all measures of breast symmetry,
omen who underwent 2 or more excisions reported

ignificantly higher asymmetry scores compared with
omen who underwent only 1 excision (18.4 versus
7.1, p � 0.002).
Table 5 details the desire and receipt of breast reconstruc-

ion after breast-conserving operation in the study sample.
ncreasing breast asymmetry score was associated with a
igher odds of desiring, but not receiving, breast reconstruc-
ion (odds of desiring breast reconstruction � 1.2, 95% CI,
.13 to 1.30; odds of undergoing breast reconstruction � 1.1,
5% CI, 0.95 to 1.17). Additionally, women who received
adiation therapy were significantly less likely to desire, or to
eceive, breast reconstruction after breast-conserving opera-
ion (odds of desiring breast reconstruction � 0.1; 95% CI,
.02 to 0.23; odds of undergoing breast reconstruction � 0.1,
5% CI, 0.03 to 0.56). Finally, younger women were more

ikely to desire breast reconstruction (odds ratio [OR] � 3.1;
5% CI, 1.01 to 9.34) and receive breast reconstruction
OR � 5.1; 95% CI, 1.18 to 21.91) after breast-conserving
peration compared with women aged 51 to 60 years.

ISCUSSION
n this sample of women undergoing breast-conserving op-
ration, both patient and treatment factors are correlated
ith postoperative breast asymmetry. Important patient-

elated risk factors include younger age, larger body habi-
us, larger tumor size, and tumor position, specifically su-
erior medial tumors and inferior lateral tumors.
reatment-related risk factors for postoperative asymmetry

nclude tumor reexcision, postoperative seroma, and radi-
tion therapy. Reexcision after initial lumpectomy was
ommon and was associated with substantially more breast
symmetry with respect to breast size, breast shape, breast
etraction, and fit of undergarments. Finally, increasing
reast asymmetry score was significantly correlated with a
esire for breast reconstruction after breast-conserving
peration.

This study is one of the first to examine the effect of both
atient- and treatment-related factors on esthetic outcomes

fter breast-conserving operation. Although many studies p
ave used expert opinion to measure esthetic outcomes,
ur results might be more relevant to changing current
linical practice, as they reflect patient perceptions of their
reast appearance. With respect to patient factors, our re-
ults suggest that younger women and those with a larger
ody habitus can be at an increased risk for poor esthetic
utcomes after breast-conserving operation. Although
omen with larger body habitus or breast size might be
ore frequently counseled to undergo breast conservation,

ur results are consistent with other studies indicating that
igher BMI confers an increased risk of postoperative
reast asymmetry.17 Similarly, younger women might be
ore likely to be counseled toward breast-conserving op-

ration in an effort to preserve their breast. Younger com-

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

atient factors

Odds of
desiring breast
reconstruction

Odds of
undergoing breast

reconstruction

ge (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)
MI
� 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)
umor 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)
reast asymmetry score 1.2 (1.13–1.30) 1.06 (0.96–1.17)
reatment 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)

MI, body mass index (calculated as kg/m2).
ared with older women can have different body image
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erceptions and can be more sensitive to postoperative
hanges in their breast appearance.18 For example, in our
tudy, we noted an independent effect of age on desire for
econstruction, and younger women were more likely to
esire and undergo breast reconstruction compared with
lder women. Although the reasons for this are unclear,
uch findings might support the theory that breast appear-
nce can be weighted differently by younger women when
onsidering their body image.

Consistent with our findings, previous authors have
hown that treatment factors, such as radiation therapy
nd tumor size, are correlated with poorer esthetic re-
ults after breast-conserving operation.19,20 There is little
xisting data about the relationship between reexcision
umpectomy and esthetic outcomes. The effect of in-
reasing tumor size and reexcision lumpectomy on post-
perative esthetic outcomes might be related to the total
olume of breast tissue removed.21,22 Similarly, postop-
rative seroma can be an indication of a larger tissue
pecimen removed, resulting in postoperative deformity.
atients with large lumpectomy resections might be can-
idates for reconstructive techniques, such as a latissi-
us dorsi muscle flap, for volume restoration. Onco-

lastic and reconstructive procedures can often help
reserve breast size and prevent breast retraction that is
orsened with radiation therapy.

imitations
his study has several notable limitations. Although we
ad an excellent patient response rate, nonresponders
ight have differed in aspects we were unable to discern.
dditionally, as this is a single-institution study, the
opulation of breast cancer patients at our center can
iffer substantially from other centers, and our results
ight not be applicable to other women. The study

ample was relatively homogeneous with respect to so-
iodemographic characteristics, and we were not likely
o capture variation in patient-perceived breast esthetics
y race and ethnicity. Finally, these findings reflect the
ostoperative assessment of asymmetry of patients only.
atients might have had breast asymmetry before their
peration, which they were unaware of or attributed to
ostoperative changes. Patients’ recall of their treatment
xperiences and complications can be influenced by
heir postoperative esthetic result. It is possible that pa-
ients with superior esthetic results are less likely to re-
ember or report complications. Although these effects

re difficult to discern in a cross-sectional study, future
esearch using a longitudinal study design might offer
nsight into the complex interactions between patient
emory and postoperative outcomes. A
mplications
urgeons should be aware of the risk factors for breast
symmetry after breast-conserving operation, and should
ounsel patients who are at an increased risk for poor
sthetic results about oncoplastic and reconstructive op-
ions. Unfortunately, our data suggest that women who
xperience breast asymmetry might desire, but not nec-
ssarily receive, breast reconstruction. This disparity
ight relate to financial and educational barriers to

reast reconstruction. For example, the 1998 Women’s
ealth and Cancer Rights Act covers reconstructive pro-

edures associated with mastectomy, but not breast-
onserving operation.23 The extent to which insurance
arriers deny coverage for postlumpectomy defects is
nknown and warrants exploration. In addition, pa-
ients might not receive adequate counseling about re-
onstruction. With respect to mastectomy patients, gen-
ral surgeons provide limited referrals for reconstructive
peration.24 The extent to which this exists in the
umpectomy population is unknown. In addition, edu-
ational information and decision aids frequently do not
ncorporate information about oncoplastic or recon-
tructive options.24,25 Improving educational support
nd identifying high-risk patients for poor esthetic out-
omes can facilitate the decision-making process, im-
rove surgical expectations, and advance the quality of
are for breast cancer patients.

ppendix
urvey items assessing breast asymmetry after
reast-conserving operation
tems included eight questions from the BCTOS and one
dditional question regarding breast discoloration.

Please rate the difference between the treated and un-
reated breast on a scale of 1 to 4 (1 � no difference, 2 �
light difference, 3 � moderate difference, 4 � large dif-
erence) 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
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