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A B S T R A C T

Purpose
Sentinel lymph node biopsy was adopted for the staging of the axilla with the assumption that it
would reduce the risk of lymphedema in women with breast cancer. The aim of this study was to
determine the long-term prevalence of lymphedema after SLN biopsy (SLNB) alone and after
SLNB followed by axillary lymph node dissection (SLNB/ALND).

Patients and Methods
At median follow-up of 5 years, lymphedema was assessed in 936 women with clinically node-
negative breast cancer who underwent SLNB alone or SLNB/ALND. Standardized ipsilateral and
contralateral measurements at baseline and follow-up were used to determine change in ipsilateral
upper extremity circumference and to control for baseline asymmetry and weight change.
Associations between lymphedema and potential risk factors were examined.

Results
Of the 936 women, 600 women (64%) underwent SLNB alone and 336 women (36%) underwent
SLNB/ALND. Patients having SLNB alone were older than those having SLNB/ALND (56 v 52 years;
P � .0001). Baseline body mass index (BMI) was similar in both groups. Arm circumference
measurements documented lymphedema in 5% of SLNB alone patients, compared with 16% of
SLNB/ALND patients (P � .0001). Risk factors associated with measured lymphedema were greater
body weight (P � .0001), higher BMI (P � .0001), and infection (P � .0001) or injury (P � .02) in the
ipsilateral arm since surgery.

Conclusion
When compared with SLNB/ALND, SLNB alone results in a significantly lower rate of lymphedema
5 years postoperatively. However, even after SLNB alone, there remains a clinically relevant risk
of lymphedema. Higher body weight, infection, and injury are significant risk factors for
developing lymphedema.

J Clin Oncol 26:5213-5219. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Historically, lymphedema has been the most feared
complication of the surgical treatment of breast can-
cer. With the introduction of sentinel lymph node
(SLN) biopsy for axillary staging, it was assumed
that SLN biopsy would be associated with minimal
morbidity as compared with full axillary lymph
node dissection (ALND). Several studies have sug-
gested that SLN biopsy (SLNB) does indeed reduce,
but does not eliminate, lymphedema.

However, because SLNB is a relatively recently
adopted procedure, and because lymphedema can
occur years after axillary surgery,1 existing studies of
lymphedema after SLNB are inadequate to accu-
rately estimate long-term risk. Approximately 25%

of women ultimately developing lymphedema will
do so after 3 years,1 and therefore, studies reporting
prevalence of lymphedema with less than 5 years of
follow-up will underestimate the ultimate preva-
lence. We identified only two published studies that
included patients with a median follow-up of at least
2.5 years.2,3

Furthermore, baseline measurements are es-
sential to precisely determining changes in arm
size resulting from lymphedema, as opposed to
baseline asymmetry between dominant and non-
dominant arms. In addition, because the inci-
dence of lymphedema is thought to be small after
SLNB, evaluation of a large number of patients is
essential to accurately estimate the prevalence. At
present, we are aware of only one study that has
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baseline measurements and that observes a large number of
women for more than 2 years.3 We undertook this study to quan-
tify the long-term risk of lymphedema in a large group of women
undergoing SLNB alone as compared with those having SLNB
followed by conventional ALND (SLNB/ALND).

PATIENTS AND METHODS

Study Design

This prospective study was designed to determine the prevalence of
upper-extremity lymphedema several years after SLNB alone as compared
with SLNB/ALND. The secondary objective was to explore medical and surgi-
cal factors associated with the development of lymphedema. This protocol was
approved by our institutional review board.

Patients

Between June 1, 1999, and May 30, 2003, 2,703 women underwent breast
cancer surgery with SLNB for clinically node-negative breast cancer, had no
prior axillary surgery, had no history of breast cancer, and had baseline bilat-
eral upper-extremity measurements performed at the time of SLNB. Between
December 29, 2005, and May 31, 2007, a trained research assistant who did not
have knowledge of patients’ disease or lymphedema status approached 1,087
of these eligible patients and reviewed the study objectives. A total of 1,002
patients gave written informed consent. Study participants were interviewed,
answered a standardized set of questions, and had height, weight, and bilateral
upper-extremity measurements repeated. Clinicopathologic characteristics of
the breast primary tumor and axillary lymph nodes were obtained from the
prospective service databases and medical records. Sixty-six patients were
excluded from analysis because of incomplete baseline measurements (n �
48), a diagnosis of bilateral breast cancer (n � 12), subsequent additional
axillary surgery (n � 5), and withdrawal of consent (n � 1). The final study
population therefore consisted of 936 women, 600 (64%) of whom underwent
SLNB alone and 336 (36%) of whom underwent SLNB/ALND.

Surgery

All patients underwent breast-conserving surgery or mastectomy as nec-
essary based on tumor characteristics, surgeon recommendation, and patient
choice. Patients treated with lumpectomy remained eligible if they required
re-excision to achieve negative surgical margins. Patients who underwent
breast-conserving surgery were referred for whole-breast radiation therapy.

The details of the SLNB protocol have been described separately else-
where.4 Briefly, a combined dye-isotope mapping technique was used, with
technetium-labeled sulfur colloid injected intradermally and isosulfan blue
dye injected intraparenchymally. All blue and hot nodes were removed, as well
as any palpable lymph nodes or those suggestive of abnormality identified on
intraoperative examination. Frozen-section analysis of the SLN(s) was rou-
tinely performed. Any patient with an SLN metastasis identified intraopera-
tively underwent an immediate ALND.

Upper-Extremity Measurements

Preoperatively, at the time of SLNB, baseline measurements were ob-
tained 10 cm above and 5 cm below the olecranon process on both the
ipsilateral and contralateral upper extremities. Bilateral follow-up measure-
ments were taken 3 to 8 years later at the same sites. The change in ipsilateral
upper-extremity circumference, corrected for any change in the contralateral
upper extremity, was calculated using the following formula:

L � �If/u � Ib� � �Cf/u � Cb� (1)

where I indicates ipsilateral upper-extremity circumference, C indicates con-
tralateral upper-extremity circumference, f/u indicates follow-up, and b indi-
cates baseline. L was calculated for both upper arm and forearm, and
lymphedema was defined as present if L � 2 cm for either location. Severe
lymphedema was defined as L � 5 cm.

Patient Weight

Patients were weighed preoperatively and at the time of follow-up mea-
surements. Weight change was defined as the difference between current and
baseline measured weights. Patients gaining or losing up to 2 kg (5 lb) were
considered to have no weight change.

Risk Factors

Risk factors for lymphedema were assessed through patient interview as
well as review of medical records. Patients were questioned about ipsilateral
breast radiation and ipsilateral upper-extremity injury or infection since their
axillary surgery.

Statistical Analysis

The primary objective of the study was to measure the prevalence of
lymphedema in the SLNB alone and SLNB/ALND groups based on objective
arm measurements. Assuming an even distribution of patients participating in
the study who had surgery between June 1, 1999, and May 30, 2003, the average
follow-up time was estimated to be approximately 5 years. The literature
shows that most cases of chronic lymphedema (77%) develop by 3 years after
surgery.1 We therefore believed that most cases of lymphedema would be
captured in our series. To determine accurate estimates of lymphedema in
both surgical groups, the intended accrual was approximately 1,000 partici-
pants. We expected approximately 67% of patients with SLNB and 33% with
SLNB/ALND in our cohort.

Associations between patient and disease variables and either surgery
group or lymphedema status were examined using the �2 or Fisher’s exact
test for categoric variables and the Wilcoxon rank sum test for continu-
ous variables.

RESULTS

Characteristics of the study population according to type of axillary
surgery are listed in Table 1. Patients having SLNB alone were older
(median age at time of surgery, 56 v 52 years; P � .0001), were more
likely to have breast-conserving surgery (73% v 47%; P � .0001), had
smaller tumors (median size, 1.0 v 1.7 cm; P � .0001), and had an
overall lower clinical stage. Of 600 women in the SLNB alone group,
571 women (95%) had N0 or N0(i�), and 29 women (5%) had N1
disease. The SLNB/ALND group was composed primarily of women
with nodal metastases (292 of 336 women, 87%). The median
follow-up for all patients was 5 years (range, 2.7 to 8.0 years).

Comparisons of baseline and follow-up weights, degree of weight
change, and body mass index (BMI) are listed in Table 2. Overall,
patients undergoing SLNB/ALND were taller but with similar BMIs to
those having SLNB alone.

Lymphedema

Of patients undergoing SLNB alone, 5% (31 of 600 women) had
measured lymphedema (L � 2 cm), as compared with 16% (55 of 336
women) of patients undergoing SLNB/ALND (Table 3). Severe
lymphedema was found after SLNB alone in 0.5% (three of 600
women) and after SLNB/ALND in 3% (10 of 336 women) of patients.
Regardless of the type of axillary surgery, lymphedema was more likely
to develop in the upper arm than the forearm (Table 3).

The median (interquartile) change in upper arm measurements
for SLNB alone and SLNB/ALND, respectively, were 0 cm (range,
�1.0 to 1.0 cm) and 0.5 cm (range, �0.5 to 1.0 cm; P � .0002). The
median change in forearm measurements for SLNB alone and SLNB/
ALND, respectively, were 0 cm (range, �0.5 to 0.5 cm) and 0 cm
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(range, �0.5 to 1.0 cm; P � .0001). Although the median changes
were similar for both the upper and lower arm measurements, the
overall changes in measurements were significantly greater for women
in the SLNB/ALND group.

For women undergoing SLNB alone, the median number of
nodes excised was three (range, one to 17 nodes) for those without
lymphedema and four (range, one to nine nodes) for those with
lymphedema (P � .0001). For patients undergoing SLNB/ALND, the

Table 1. Demographics and Disease Characteristics of 936 Patients According to Type of Axillary Surgery

Variable

SLNB Alone
(n � 600)

SLNB/ALND
(n � 336)

PNo. % Median Range No. % Median Range

Age at time of axillary surgery, years 56 24-83 52 27-86 � .0001
Age at follow-up, years 62 28-90 56 31-89 � .0001
Follow-up, years 5.0 2.7-8.0 5.1 2.7-7.8 .41
Laterality of surgery .15

Right 310 52 157 47
Left 290 48 179 53

Type of surgery � .0001
Conservation 438 73 157 47
Mastectomy 162 27 179 53

Tumor type � .0001
IFDC 420 70 296 88
IFLC 47 7.8 27 8.0
Mucinous/papillary/medullary/tubular 23 3.8 1 0.3
DCIS only 79 13 8 2.4
DCIS with microinvasion 22 3.7 1 0.3
Metaplastic 2 0.3 0 —
Other 7 1.2 3 0.9

Pathological size, cm 1.0 0-5.0 1.7 0-7.5 � .0001
AJCC T stage

Tis 79 13 8 2.4
T1a 101 17 15 4.5
T1b 158 26 52 15
T1c 212 35 133 40
T2 50 8.3 118 34.
T3 0 — 10 3.0

Total No. nodes excised 3 1-17 19 2-65 � .0001
No. of positive nodes 0 0-3 1 0-32 � .0001
AJCC N stage

N0 555 93 35 10
N0(i�) 16 2.7 9 3.6
N1mi 18 3.0 34 9.2
N1, 1-3 node(s) positive 11 1.8 186 55
N2, 4-9 nodes positive 0 — 50 15
N3, �10 nodes positive 0 — 22 6.5

Abbreviations: SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; IFDC, infiltrating ductal carcinoma; IFLC, infiltrating lobular carcinoma;
DCIS, ductal carcinoma in situ; AJCC, American Joint Commission on Cancer.

Table 2. Weight, Height, and Body Mass Index of Patients by Type of Axillary Surgery

Variable

SLNB Alone (n � 600) SLNB/ALND (n � 336)

PMedian Range Median Range

Current height, cm 161 132-178 163 133-180 .004
Baseline weight, kg 64 39-133 68 43-147 .0003
Current weight, kg 66 41-131 69 39-131 .005
Baseline BMI 25 15-49 25 17-54 .02
Current BMI 25 17-49 26 17-48 .07
Change in weight, kg 1.5 �35-27 1.3 �25-24 .30

Abbreviations: SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; BMI, body mass index.

Measured Lymphedema 5 Years After SLN Biopsy or ALND

www.jco.org © 2008 by American Society of Clinical Oncology 5215



median number of nodes excised was 19 (range, two to 65 nodes) for
those without lymphedema and 22 (range, five to 44 nodes) for those
with lymphedema (P � .0001).

Other factors associated with the development of lymphedema
include greater baseline and current body weight (P � .0001), higher
baseline and current BMI (P � .0001), and reported history of infec-
tion or injury (Table 4). Among the 39 patients who reported ipsilat-
eral upper-extremity infection, 11 women (28%) had lymphedema,

compared with 75 (8%) of 897 women without a history of infection
(P � .0001). Similarly, patients who reported injury to their arm after
axillary surgery were more likely to have lymphedema (17% v 9%; P �
.02). Although patients having ipsilateral breast or chest wall irradia-
tion had a slightly higher incidence of lymphedema, this difference
was not statistically significant (10% v 8%; P � .29). In the subset of
women having mastectomy and SLNB/ALND, radiation (n � 83) was
associated with a 20% risk of lymphedema as compared with 11%

Table 3. Frequency of Measured Lymphedema Among Patients Undergoing SLNB Alone or SLNB/ALND

Lymphedema

SLNB Alone (n � 600) SLNB/ALND (n � 336)

Lymphedema�

Severe
Lymphedema† Lymphedema�

Severe
Lymphedema†

No. % No. % No. % No. %

Frequency in either upper or lower arm 31 5.2 3 0.5 55 16.4 10 3.0
Upper arm only 24 4.0 3 0.5 22 6.5 5 1.5
Forearm only 3 0.5 0 — 18 5.4 3 0.9
Both upper and lower arm 4 0.7 0 — 15 4.5 2 0.6

NOTE. L � (If/u � Ib) – (Cf/u � Cb), where I indicates ipsilateral upper-extremity circumference, C indicates contralateral upper-extremity circumference, f/u indicates
follow-up, and b indicates baseline.

Abbreviations: SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection.
�L � 2 cm.
†L � 5 cm.

Table 4. Factors Associated With Measured Lymphedema

Factor

No Lymphedema� (n � 850) Lymphedema† (n � 86)

PNo. % Median Range No. % Median Range

Age at follow-up, years 60 29-90 60 34-89 .27
Baseline weight, kg 65 39-147 77 43-134 � .0001
Current weight, kg 66 39-131 78 44-131 � .0001
Baseline BMI 24 15-54 29 20-49 � .0001
Current BMI 25 17-48 31 19-40 � .0001
Weight gain � 2 kg .29

No 463 90 52 10
Yes 387 92 34 8

Surgery in dominant arm .46
No 419 90 46 10
Yes 431 92 40 8

Radiation .29
No 264 92 22 8
Yes 586 90 64 10

Infection since surgery � .0001
No 822 92 75 8
Yes 28 72 11 28

Injury since surgery .02
No 797 91 75 9
Yes 53 83 11 17

Breast conservation � .0001
SLNB alone 415 95 23 5
SLNB/ALND 130 83 27 17

Mastectomy .001
SLNB alone 154 95 8 5
SLNB/ALND 151 84 28 16

NOTE. L � (If/u � Ib) – (Cf/u � Cb), where I indicates ipsilateral upper-extremity circumference, C indicates contralateral upper-extremity circumference, f/u indicates
follow-up, and b indicates baseline.

Abbreviations: BMI, body mass index; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection.
�L � 2 cm.
†L � 2 cm.
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without radiation (n � 96; P � .1). Weight gain and axillary surgery
ipsilateral to the dominant arm were not significantly associated with
the development of lymphedema. Type of breast surgery (breast-
conserving surgery v mastectomy) was not associated with the preva-
lence of lymphedema when stratified by axillary procedure (P � .77).

DISCUSSION

Lymphedema represents potentially the most debilitating complica-
tion after any axillary surgery. Its true incidence can be difficult to
determine, as no standardized definition of lymphedema exists. Vol-
ume displacement techniques are recognized as the gold standard in
assessing lymphedema; however, this technique can be cumbersome
in a busy clinical setting. Therefore, nearly all series2,3,5-17 have used
circumferential measurements of the upper arm and forearm that act
as a surrogate for volume change. The method of measurement, how-
ever, is not standardized, as various studies have reported arm mea-
surement locations varying from 10 to 15 cm above the olecranon
process, and from 5 to 15 cm below.3,5,11,16 Differences in measure-
ment techniques make various studies difficult to compare.

Furthermore, defining lymphedema as a function of changes in
upper-extremity circumference necessitates the availability of both
baseline measurements and contralateral upper-extremity measure-
ments. Although some groups have used the contralateral upper-
extremity alone as a comparison to determine the presence of
lymphedema, this method has its shortcomings. Significant differ-
ences in circumference may exist between a woman’s dominant and
nondominant upper extremities. Although in most women, these
differences are less than 2 cm,18 a preexisting difference in the two
upper-extremity circumferences could mask the detection of subse-
quent lymphedema in the smaller extremity. However, contralateral
upper-extremity measurements are also essential. A significant change
in body weight might increase the circumference of the ipsilateral
upper extremity, resulting in an incorrect diagnosis of measured
lymphedema if the upper-extremity measurement is only compared
with the baseline measurement. Only by having comparison measure-
ments from the contralateral upper extremity would one be able to
distinguish an increase in body weight from the development of
lymphedema. Thus baseline and contralateral upper-extremity mea-
surements are essential to accurately determine a change in arm mea-
surements and therefore the presence of lymphedema.

Two prospective randomized trials10,12 and several prospective
nonrandomized series2,3,9,11,13,16,19 have concluded that lymphedema
after SLNB is less common or severe than after ALND. Many of these
studies do not report the actual incidence of lymphedema. Of those
that do, the rates of lymphedema vary from 0% to 7% at 6 to 36
months after SLNB (Table 5).

The development of lymphedema is an unpredictable occurrence
that can happen years after axillary surgery. Among those who develop
lymphedema after ALND, the onset of symptoms occurs within 3
years in 77% of patients1 but after 3 years in approximately 25% of
patients. Of women without lymphedema 3 years after ALND, the
ongoing risk of developing lymphedema is approximately 1% per year
for at least 20 years. With 20 years of follow-up, Petrek et al1 found
lymphedema in 49% of patients, a significantly higher rate than the

6% to 30% usually reported after ALND. This suggests that the inci-
dence of lymphedema is commonly underestimated as a result of the
inadequate follow-up interval in most studies.

The development of lymphedema after SLNB is likely to follow
the same pattern as for ALND. Therefore, only long follow-up will
accurately predict its true incidence. Reported rates of lymphedema
after SLNB of 0% to 7% with 6 to 36 months of follow-up likely
represent only a fraction of patients who will ultimately be diagnosed
with lymphedema. These rates are likely to increase as women are
observed for longer periods of time. The current series reports the
prevalence of lymphedema in women a median of 5 years postopera-
tively, thereby likely capturing the large majority of women who will
develop lymphedema after SLNB.

It is difficult to compare our measured severe lymphedema
rate of 0.5% with that of other series, as severe lymphedema after
SLNB is rarely recorded or quantified as a measured value in the
literature. Similar to the present study, Petrek et al1 defined severe
lymphedema as a measured difference of more than 2 inches (5.08
cm). At 20 years, 13% of patients who underwent ALND were classi-
fied as having severe lymphedema. Sener et al19 defined postoperative
arm volume differences of greater than 40% as severe lymphedema,
but do not report its incidence. Others define it subjectively by patient
report2,5,8,13 or as the need to wear a compression garment.20 To date,
no series has reported severe lymphedema, as defined by arm mea-
surements, in a patient after SLNB. However, as defined by patient
report, Blanchard et al20 described the presence of subjective severe
lymphedema after SLNB in four (0.6%) of 685 women, and Leidenius
et al13 report it in one (1%) of 92 women. These values are similar to
the observed 0.5% incidence of measured severe lymphedema in
women who underwent SLNB in the present series.

In the current series, the risk factors that were significantly
associated with the presence of lymphedema at a median of 5 years
were greater body weight, higher BMI, infection, or injury. Obe-
sity, increasing BMI, and weight gain are commonly recognized as
risk factors for lymphedema.1,16,21 Although injury and infection
have also been described as increasing the risk of lymphedema, the
influence of these factors must be carefully examined. Both vari-
ables are dependent on patient recall. Although both seem to be
significant risk factors, it is possible that women with lymphedema
recall an inciting infection or injury more readily than a woman
without lymphedema. Furthermore, it is possible that women with
lymphedema are at higher risk of developing infection. Even inju-
ries might be more commonly reported if women with lymphed-
ema have greater difficulty recovering from injury, making it
more memorable.

There are additional limitations of the current study. Because the
patients were not randomly assigned to a treatment arm, the surgical
procedure is almost entirely confounded by disease stage in this series.
Also, as in nearly all other series, we used circumferential arm mea-
surements, which, as opposed to volume displacement methods, will
not detect those patients with isolated hand edema, therefore under-
estimating the incidence of lymphedema.

Circumferential arm measurements represent an objective method
to determine the presence of lymphedema and cannot be influenced by
sensory changes such as numbness or pain that are common after
axillary surgery22 and can influence patient perceptions. However,
measurements may not be the most reliable indicator of clinically
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significant lymphedema. An ipsilateral calculated measurement dif-
ference of more than 2 cm may be severely disfiguring in a thin
woman and unnoticeable in an obese one. In addition, the influ-
ence of patient perceptions in the setting of lymphedema cannot be
underestimated. It is likely that both objective upper-extremity mea-
surements and symptom assessment are needed to determine the true
prevalence of clinically significant lymphedema. We have reported
our findings with regard to patient perceptions of lymphedema in an
accompanying separate report.23

In conclusion, SLNB results in significantly less frequent
lymphedema than ALND. At a median of 5 years after SLNB, approx-
imately 5% of women will develop lymphedema. It is possible that this
proportion will continue to increase with time, although data regard-
ing the incidence of lymphedema after ALND suggest that the large
majority of those who will ultimately develop it have done so by 5
years. The technique of SLNB has certainly reduced the morbidity
associated with axillary staging for breast cancer; however, there re-
mains a small but significant risk of measured lymphedema.
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Table 5. Literature Reporting Measured Lymphedema After SLNB

First Author and
Year

No. of Patients

Follow-Up
(months)

Preoperative
Measurements

Measurement
Method

Definition of
Lymphedema

Comparison
Group

Lymphedema
Less After

SLNB

Proportion
With

Lymphedema
(%)

Entire
Study SLNB

Schrenk,5 2000 70 35 Mean
15.4

Yes Circumference L as continuous variable ALND S —

Sener,19 2001 420 303 Median
19

Yes Volume
displacement

— SLNB � ALND S 3

Burak,6 2002 96 48 Mean
15.3

No Circumference Ratio with/difference from
contralateral as
continuous variable

SLNB � ALND S —

Haid,7 2002 197 57 Mean 18 No Circumference � 2 cm difference from
contralateral and
edema

Historical
ALND

S 3.5

Haid,8 2002 151 66 Minimum
2

No Circumference � 10% difference from
contralateral

ALND S —

Golshan,9 2003 125 77 Minimum
12

No Circumference � 3 cm difference from
contralateral

ALND S 2.6

Veronesi,10 2003 200 100 24 No Circumference � 2 cm difference from
contralateral

SLNB � ALND
RCT

S 0

Leidenius,2 2005 139 92 Median
36

No Circumference � 2 cm difference from
contralateral

ALND S 0

Purushotham,12

2005
277 134 (SLNB �

ALND)
Maximum

12
Yes Circumference L as continuous variable SLNB � ALND

versus
ALND RCT

S —

Ronka,13 2005 83 43 12 Yes Circumference (L/Ib) � 10% SLNB � ALND NS 2
Mansel,14 2006 816 413 (SLNB �

ALND or
RT)

12 Yes Circumference — SLNB � ALND
or RT
versus
ALND RCT

NS —

Rietman,15 2006 181 57 24 Yes Circumference Change from baseline as
continuous variable

ALND � SLNB S —

Wilke,16 2006 2,904 2,904 6 Yes Circumference L � 2 cm — — 7
Langer,3 2007 635 431 Median

31
Yes Circumference � 2 cm difference from

baseline or
contralateral, or edema

SLNB � ALND S 3.5

Lucci,17 2007 821 411 12 Yes Circumference L � 2 cm SLNB � ALND
RCT

NS 6

Current study 936 600 Median
60

Yes Circumference L � 2 cm SLNB � ALND S 5

NOTE. L � (If/u � Ib) – (Cf/u � Cb), where I indicates ipsilateral upper-extremity circumference, C indicates contralateral upper-extremity circumference, f/u indicates
follow-up, and b indicates baseline.

Abbreviations: SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; S, significant; RCT, randomized control trial; RT, radiotherapy; NS, not
significant; circumference, arm circumference measurements.
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