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ABSTRACT

Purpose. To determine whether the benefits of sentinel-

node-based management (SNBM) over routine axillary

clearance (RAC) persisted to 5 years.

Methods. A total of 1088 women with breast cancer less

than 3 cm in diameter and clinically negative axillary

nodes were randomized to SNBM with axillary clearance if

the sentinel node was positive or RAC preceded by sen-

tinel-node biopsy. The outcomes were: (1) objectively

measured change in the volume of the operated and con-

tralateral nonoperated arms; (2) the proportion with an

increase in arm volume \15%; and (3) subjectively

assessed arm morbidity for the domains swelling, symp-

toms, dysfunction, and disability. Assessments were

performed at 1 and 6 months after surgery and then

annually.

Results. Limb volume increased progressively in the

operated and nonoperated arms for 2 years and persisted

unchanged to year 5, accompanied by weight gain. Cor-

rection by change in the nonoperated arm showed a mean

volume increase of 70 mL in the RAC group and 26 mL in

the SNBM group (P\ 0.001) at 5 years. Only 28 patients

(3.3%) had a corrected increase[15% from baseline (RAC

5.0% vs. SNBM 1.7%). Significant predictors were surgery

type (RAC vs. SNBM), obesity, diabetes, palpable tumor,

and weight gain exceeding 10% of baseline value.

Conclusions. Subjective assessments revealed persisting

patient concerns about swelling and symptoms but not

overall disability at 5 years. Subjective scores were only

moderately correlated with volume increase. SNAC1 has

demonstrated that objective morbidity and subjective

morbidity persist for 5 years after surgery and that SNBM

significantly lowers the risk of both.

The Royal Australasian College of Surgeons Sentinel

Node Biopsy versus Axillary Clearance (SNAC1) trial

previously reported persistent arm swelling after 3 years of

follow-up of 1,088 women with clinically node-negative

early breast cancer up to 3 cm in diameter who were ran-

domly assigned to either sentinel-lymph-node-based

management (SNBM) or routine axillary clearance (RAC).

The upper limb circumference was measured at 10-cm

intervals, and the volume of the upper limb calculated for

both the operated and the nonoperated upper limb at each

episode of review. Subtracting the volume of the nonop-

erated upper limb from that of the operated upper limb can

estimate the true risk of upper limb swelling due to fluid

accumulation or lymphedema. This report describes these

changes after 5 years of follow-up.

� Society of Surgical Oncology 2016

First Received: 6 September 2016;

Published Online: 15 November 2016

P. G. Gill, MB BS, MD, FRACS

e-mail: grantley.gill@adelaide.edu.au

Ann Surg Oncol (2017) 24:1064–1070

DOI 10.1245/s10434-016-5669-2

http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-016-5669-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-016-5669-2&amp;domain=pdf


METHODS

A total of 1088 women with unifocal breast cancers

\3 cm diameter and clinically negative lymph nodes were

randomized to sentinel-node biopsy followed by axillary

clearance if the sentinel node was positive (SNBM) or

sentinel-node biopsy followed by immediate axillary

clearance (RAC). Details of patient and tumor character-

istics, the biopsy technique, pathology assessment, and

treatments have been reported.1,2 All patients provided

written, informed consent. The study protocol was

approved by human research ethics committees of the

participating institutions and was in accordance with the

precepts of the Declaration of Helsinki.

Assessment of Outcomes

Assessments were done at 1, 6, and 12 months, and

annually for 5 years. Arm volume was calculated from the

six measurements of limb circumference at 10-cm inter-

vals, as previously described and the formula for a

truncated cone.1–4 This calculated volume and that mea-

sured by volume displacement are highly correlated.3 Both

the operated and contralateral nonoperated arms were

measured. Swelling was expressed as the percentage

change in volume from baseline. Subjective changes were

scored by using the SNAC study-specific scales (SSSS),

which assessed seven symptoms, three dysfunctions, four

disabilities, and difficulty sleeping. Performance of these

scales in SNAC have been described in detail.4,5

Statistical Analysis

The primary measure of effect, selected before

unblinding of the data, was a comparison of the percentage

change in objectively measured upper limb volume

between the group assigned SNBM and the group assigned

RAC. A key endpoint was the proportion of women with an

increase of 15% or more from baseline in upper limb

volume. We chose [15% as a figure that could correlate

with clinically significant lymphedema. The SNBM group

included women who had only sentinel-node biopsy or who

had biopsy and a subsequent axillary clearance because the

sentinel node was not located or was positive. Secondary

analyses compared the outcomes after SNBM and RAC in

the subgroups of women who were sentinel-node-negative.

The sample size of 1100 women was calculated to give

80% power to detect a 6% absolute difference in the rates

of significant upper limb swelling, with a two-sided P value

of 0.05 and greater than 90% power to detect one point

difference on the SSSS with a two-sided P value of 0.01.

For each limb, the change in arm volume from baseline

at 5 years was calculated. The percentage change was

obtained by dividing this change by the baseline volume.

Measurement of the nonoperated contralateral arm serves

as a control, indicating changes in arm volume unrelated to

surgery. Absolute limb volumes were calculated, and the

difference between operated and nonoperated arms deter-

mined to derive the component of the increase due to

increased fluid volume alone, excluding the effect of

weight gain. Additionally, this difference in percentage

change was dichotomized as being greater than or less than

15%.

These changes were summarized as means and standard

deviations, and differences between treatment groups were

compared by standard t test, with 95% confidence intervals.

Categorical outcomes (difference in percentage change

\15 or C15%) were compared by using chi-squared tests

and logistic regression as appropriate. We calculated the

percentages of women with differences in volume between

their two arms of [5, [10, and [15% at 5 years from

baseline.

Variable selection was performed using the backwards

elimination process. All comparisons were two-sided, and

5% was selected as the nominal significance level.

RESULTS

Changes in Arm Volume, Operated and Contralateral

Arms

Table 1 shows the mean percentage change in operated

and contralateral arms according to surgical management

in the two groups overall. The volume increased in all

groups until 2 years after surgery, when it stabilized and

then persisted to 5 years. The difference between the ran-

domized groups was confirmed, but the proportionate

increases in volume in the operated and nonoperated arms

in the SNBM group were similar to that in the nonoperated

arm of the RAC group. This was accompanied by a con-

tinuous gain in weight to 1.9% of baseline value at 5 years

(confidence interval [CI] 1.27–2.55). For the RAC and

SNBM groups, the absolute mean increases from baseline

were 70 and 26 mL, respectively (P\ 0.001; Table 2).

Results for the node-negative subgroups were 45 mL

(P\ 0.001) and 11 mL (P = 0.10), respectively

(P\ 0.002; Table 2).

Only 28 (3.3%) women had a volume differential (or

true increase due to fluid accumulation) of[15% (22% had

[5% and 7.7[ 10% increase). At 5 years, this was 21 of

408 (5.0%) women in the RAC group and 7 of 405 (1.7%)

in the SNBM group.

Significant univariate predictors of a volume increase

attributable to lymphedema were surgical treatment, body

mass index (P\ 0.05), overweight at trial entry
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(P\ 0.01), and infection within 30 days of surgery

(P\ 0.05). Variables considered important in earlier

studies, such as the extent of axillary clearance and num-

bers of nodes removed at surgery, were not significant

predictors (results not shown). Significant predictors of a

gain in volume exceeding 10% of the baseline value were

adjuvant chemotherapy (P\ 0.001), age (P\ 0.001), the

presence of palpable tumor (P\ 0.05), and concurrent

major comorbidities (P\ 0.05).

A multivariate analysis of the predictors of lymphedema

due to fluid accumulation where the volume exceeded base-

line by 15% or more confirmed that the type of surgery was

the most important factor (Table 3). Significant variables

included obesity (body mass index [BMI] on entry to the

trial), diabetes, palpable tumor, and weight gain[10% from

baseline after surgery. The number of lymph nodes removed,

postoperative infection, and treatment-related factors, such as

chemotherapy, were not significant (results not shown).

TABLE 1 Progressive changes in upper limb volume expressed as percentage change from baseline in operated and nonoperated arms for RAC

and SNBM groups

Visit RAC SNMB

Operated arm (%) Contralateral arm (%) Operated arm (%) Contralateral arm (%)

1 month 1.1 0.3 0.3 0.3

6 months 4.8 2.1 2.8 2.2

1 year 8.4 3.6 4.0 4.0

2 years 14.3 7.3 7.9 7.3

3 years 15.5 9.9 8.3 8.6

4 years 15.4 11.1 10.0 9.3

5 years 15.9 12.5 11.7 12.8

RAC routine axillary clearance group, SNMB sentinel-lymph-node-based management group

TABLE 2 Mean changes in absolute arm volume from baseline

Variable No. Mean volume change (mL) Mean volume difference (mL) Pa

All women

RAC group

Operated arm 430 130 \0.001

Contralateral arm 429 61 \0.001

Difference 70

SNBM group

Operated arm 430 89 \0.001

Contralateral arm 429 61 \0.001

Difference 26b

Node-negative subgroups

RAC group

Operated arm 296 102 \0.001

Contralateral arm 295 58 \0.001

Difference 45

SNBM group

Operated arm 274 74 \0.001

Contralateral arm 273 61 \0.001

Difference 11b

RAC routine axillary clearance group, SNMB sentinel-lymph-node-based management group
a For increase from baseline
b P\ 0.001 for the difference between the randomized groups
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Patient Self-Ratings of Arm Changes

Women assessed their arm changes at the times that

clinicians performed objective volume measurements. The

mean ‘‘patient self-ratings of arm changes’’ (SSSS) scores

for four items at baseline and the changes from baseline

scores after 5 years for both treatment groups is shown in

Fig. 1. For swelling and symptoms, scores remained ele-

vated at 5 years, and the difference between the two arms

was significant (P\ 0.001). Despite the differences in

these two domains, mean scores for dysfunction and dis-

ability did not differ significantly between the two groups,

and those for disability returned to baseline values. The

overall mean SSSS score increased to 6 months and then

declined but remained elevated at 5 years. Table 4 shows

the relationships between the measured arm volume

increase and SSSS scores in those women who had more

than 15% increase in volume in the operated and nonop-

erated arms as well as between the two arms. There were

moderate correlations among the five domains and between

the objective increase in total volume in each limb and the

adjusted volume of the operated one.

DISCUSSION

The results of the long-term follow-up of women in the

SNAC1 trial confirm that the benefit of reduced arm

swelling associated with SNBM persists 5 years after sur-

gery. The difference between the treatment groups was

maintained throughout the 5 years in both the overall trial

cohort and in the sentinel-node-negative groups, thus

reinforcing the validity of SNBM.

Both the operated and nonoperated arms were measured.

A proportion of the increased volume in both arms was

associated with progressive weight gain. We calculated the

volume increase in both limbs, and therefore the difference

can be attributed to swelling due to fluid accumulation after

surgery. This increase, adjusted for changes in the nonop-

erated arm, accounts for true lymphedema due to axillary

surgery. A particular aspect of SNAC1 is the observed

progressive evolution of limb swelling over time. Previous

studies have reported limb changes at much earlier time

points after surgery. The axillary lymphatic mapping

against nodal axillary clearance (ALMANAC) trial, for

example, compared lymphedema at 1, 6, and 12 months,

and Z0010 6 months, after surgery, whereas Hack et al.

performed measurements at 6 or 12 months.6–8 In another

retrospective series, changes were assessed at a single

variable time point.9 Bilateral and contralateral arms as

well as arm dominance were measured at intervals from

baseline until 36 months in NSABP-32. This also allowed

estimation of relative volume differences and established

that residual edema persisted at 36 months. The sequential

measurement of limb volumes in SNAC and B-32 provide

contemporary prospective data on the temporal evolution

of lymphedema.10

Mild lymphedema is generally defined as an increase of

10% but not more than 20% in arm volume. In this study,

only 7.7% of women developed lymphedema to this

degree. The frequency of any degree of upper limb swel-

ling was greater in the RAC group (26%) than the SNBM

group (17%). However, more marked upper limb swelling,

which may reflect lymphedema, was limited to only 3.3%

of trial participants, 5.0% of patients in the RAC group,

and 1.7% in the SNBM group—less than early published

lymphedema rates. They certainly are less than apparent

community perceptions of the condition in Australia.

More-recent studies also have described lower rates.11–13

Earlier reports were frequently based on historical studies

of women with extensive node removal and involvement

and often nodal irradiation.14–16 Other confounding factors

include variation in the definition of lymphedema, different

times when measured after surgery, and patient percep-

tions. The historical reports identified predictors of

lymphedema following axillary clearance, and consistently

established that obesity, the extent of surgery, the number

of nodes dissected, nodal irradiation, BMI, and infection

are important in this context.17–21

Our analyses differ in detail but are applicable in the

current setting of early breast cancer and the practice of

TABLE 3 Multivariate analysis of factors predicting a 15% difference in arm volume from baseline 5 years after surgery

Factor Categories Odds ratio 95% CI P

Treatment SNBM vs. RAC 0.22 0.08–0.61 0.004

Tumor palpable Yes vs. no 3.77 1.31–10.89 0.01

Diabetes Yes vs. no 3.72 1.09–12.68 0.04

Body mass indexa 1.15 1.06–1.23 \0.001

Weight gain [10% gain vs. none or loss 3.34 1.17–9.48 0.02

RAC routine axillary clearance group, SNMB sentinel-lymph-node-based management group
a BMI is a continuous variable
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SNBM. Multivariate analysis of data for the SNAC1 group

who had [15% increase in corrected arm volume con-

firmed that the surgery type (RAC compared with SNBM)

is a major determinant of such. The key role of SNBM was

thus confirmed. Other significant factors were obesity

(BMI at randomization), palpable tumor, diabetes, and

weight gain exceeding 10% of baseline. Obesity has been

consistently established as a predictor of lymphedema. Our

results additionally identify comorbidities, such as dia-

betes, weight gain after surgery, and a palpable primary

cancer, and that infection within 30 days of surgery is

significant. The results of NSABP-32, in contrast, showed

that volume differences were related to age (older), con-

cordance of the dominant and affected arm, and receipt of

radiation to the axilla.10 Radiation to the axilla was a

specific protocol exclusion in SNAC. In current surgical

practice, however, it is likely that many women who

undergo SNBM also will receive radiation to the lower

axilla, and it thus is an important contemporary contributor

to volume increase. Weight gain after surgery has been

attributed to chemotherapy and hormone therapy, but nei-

ther of these significantly predicted increased volume in the

present study.22 Although adjuvant chemotherapy was not

a predictor of swelling, it was significantly so for weight

gain, as were the presence of major comorbidities and

young age. These identify women at risk. Hormone therapy

was not related, which is consistent with published

results.23 These findings define specific patient character-

istics that could enable targeted counselling at the time of

primary treatment regarding risk, weight control, diabetes,

prevention of early infection, and injury to the arm.

The impact of surgery on the subjective SSSS scores at

12 months and 3 years has been previously reported.5 The

current findings that scores for arm swelling and for

symptoms remained significantly elevated from baseline at

5 years are consistent with the increases in volume, as are

the differences in SSSS scores between the two allocated

surgical groups. The early rise in SSSS scores at 6 months

coincided with restriction of shoulder movements, which

had recovered by 12 months. Volume changes probably

had a minimal contribution to subjective change at that

time. Despite the persistent scores for swelling and symp-

toms, women did not report significant disability at 5 years.

The correlation between measured volume change and

subjective scores varied for each domain and was only

moderate overall. This is consistent with the view that arm

swelling and symptoms and the perception of such are not

always reflective of lymphedema.12,13 Sensory changes and

pain are likely to contribute. This also is consistent with the

results from NSABP-32, which showed that residual edema

was not a predictor of overall quality of life but that

morbidity and sensory changes were.24 McLaughlin et al.

reported discordance between patient perception and
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FIG. 1 Changes in SNAC study-specific scales for the domains of

self-reported arm morbidity over time following surgery. Scores did

not return to preoperative baseline levels, except for disability. The

scores for swelling and symptoms remained significantly elevated at

5 years (P\ 0.001). Scores for other domains did not differ

significantly between randomized groups at 5 years
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measured lymphedema in 41% of 936 women.13 Swelling,

however, correlated well with symptoms, dysfunction, and

SSSS scores.

SNAC1 has clearly demonstrated that altered objective

and subjective measures of morbidity persist for at least

5 years after surgery and that SNBM significantly lowers the

risk of both. SNAC-1 is the first large prospective, ran-

domized trial to assess accurately these parameters 5 years

after surgery. With modern technique, and in this large and

carefully assessed group of women, it is interesting that the

incidence of objective lymphedema after axillary clearance

is much lower than in many previous reported studies. The

prospective conduct of SNAC1 using validated objective

and subjective assessment methods has enabled confirma-

tion of existing and the addition of new information about

arm morbidity in the contemporary surgical context.
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