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Abstract

Background: The need for axillary dissection (AD) is declining, but it is still essential

for many patients with nodal involvement who risk developing breast‐cancer–
related lymphedema (BCRL) with lifelong consequences. Previous nonrandomized

studies found axillary reverse mapping and selective axillary dissection (ARM‐SAD)
a safe and feasible way to preserve the arm's lymphatic drainage.

Methods: The present two‐arm prospective randomized clinical trial was held at a

single comprehensive cancer center to ascertain whether ARM‐SAD can reduce the

risk of BCRL, compared with standard AD, in patients with node‐positive breast

cancer. Whatever the type of breast surgery or adjuvant treatments planned, 130

patients with nodal involvement met our inclusion criteria: 65 were randomized for

AD and 65 for ARM‐SAD. Twelve months after surgery, a physiatrist assessed pa-

tients for BCRL and calculated the excess volume of the operated arm. Lympho-

scintigraphy was used to assess drainage impairment. Self‐reports of any

impairment were also recorded.

Results: The difference in the incidence of BCRL between the two groups was 21%

(95% CI, 3‐37; p = .03). A significantly lower rate of BCRL after ARM‐SAD was

confirmed by a multimodal analysis that included the physiatrist's findings, excess

arm volume, and lymphoscintigraphic findings, but this was not matched by a sig-

nificant difference in patients' self‐reports.
Conclusions: Our findings encourage a change of surgical approach when AD is still

warranted. ARM‐SAD may be an alternative to standard AD to reduce the

treatment‐related morbidity.
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INTRODUCTION

The need for axillary lymph node dissection (AD) in the treatment

of breast cancer is declining.1–4 The procedure is still essential in

many patients with nodal involvement, however, for prognostic

purposes and to orient adjuvant treatments. Breast‐cancer–related
lymphedema (BCRL) can occur in up to 61% of patients undergoing

AD,5 sometimes causing lifelong problems, negatively affecting

quality of life and body image, interfering with social life and work,

and raising health care costs.6–10 Hence, the interest in its pre-

vention. Known risk factors for BCRL are: age; body mass index;

number of nodes excised; number of positive nodes; and regional

lymph node irradiation.11–14 Axillary reverse mapping (ARM) can

identify the lymphatics draining the arm, enabling the selective

sparing of axillary lymph nodes to reduce the incidence of

BCRL.15–17

A phase 2 pilot study at the Fondazione IRCCS Istituto

Nazionale Tumori in Milan (INT Milan) used a radioisotope and

lymphoscintigraphy to perform ARM to establish the feasibility of

selective axillary dissection (SAD) to preserve the arm's lymphatic

drainage. SAD was found feasible in 75% of patients, and 9%

developed BCRL after SAD, as opposed to 33% after AD. None of

the patients treated with SAD developed axillary lymph node

disease during a median 16‐month follow‐up.18 We assumed that

nodes spared as a result of ARM would be unlikely to affect pa-

tients' overall prognosis for three reasons. First, nodes in the

central region of the axilla (including those found hot after

injecting the radiotracer into the hand) were removed during

SAD.18 This region often contains the sentinel nodes and is the

main site of crossover.19,20 The hot nodes that were spared typi-

cally took up only about 10% of the radioactivity in the axilla and

were those close to the axillary vein, which is less likely to be

involved by breast cancer cell dissemination.18,19 Second, very few

of axillary metastases not removed during AD became clinically

overt during the follow‐up.21,22 A recently published study on

safety aspects of SAD found a low risk of axillary failure after the

procedure.23 Third, in patients at relatively high risk, surgical

radicality has little influence on survival, which depends mainly on

the efficacy of systemic treatments.1,24 Although SAD seemed safe

and effective in our initial experience, the ARM‐SAD procedure

could have selected cases with a favorable lymphatic anatomy, a

subpopulation of patients naturally less likely to develop BCRL

after AD. In other words, the incidence of BCRL might be inher-

ently lower in cases in which SAD is feasible. The present ran-

domized study compared the BCRL rates after ARM‐SAD or

standard AD in a trial adequately powered to assess the efficacy

of SAD in preventing BCRL.

METHODS

Study design

In a two‐arm prospective randomized trial, patients in the control

arm were assigned to AD, and those in the study arm to ARM‐SAD.
The end point was the difference in incidence of BCRL between the

two arms. This phase 3 study was conceived and conducted at the

INT Milan. It was approved by the institute's internal review board

and ethics committee, and registered at clinicaltrials.gov

(NCT03083314).25

Participants

Patients met the following inclusion criteria: they had been diag-

nosed with operable breast cancer and were candidates for AD ac-

cording to our institutional practice, irrespective of the type of breast

surgery performed or adjuvant treatments administered; they could

attend regular follow‐up visits, as required by the study protocol; and

they gave specific written informed consent to their participation.

Exclusion criteria were massive axillary metastases (cN2 American

Joint Commission on Cancer); previous surgery to the contralateral

axillary region; previous radiotherapy to ipsilateral or contralateral

regional lymph nodes.

Procedures

Patients' enrollment was confirmed after a senologist had explained

the aims of the trial. Randomization and data management were done

by the Trial Center at the INT Milan. Computer‐generated lists of

random numbers were used to allocate patients and obtain two

balanced groups for comparison (1:1 allocation). No stratification

factors were considered. Six to 24 hours before breast surgery, pa-

tients in the SAD group received three intradermal injections of 5

MBq 99mTc‐labeled Nanocoll in 0.1 ml saline to the back of the hand

ipsilateral to the breast involved. An hour later, lymphoscintigraphy

was used to identify axillary lymph nodes draining the arm. The plan

was to remove at least 10 nodes on the first and second Berg levels,

and preferably also on the third, including nodes in the central region

of the axilla found “hot” after injecting the radiotracer. Perivascular

nodes (near the axillary vein) that typically accumulate only about

10% (in counts per minute) of the radioactivity detectable in the

central axilla were identified and preserved. No microsurgical pro-

cedure on lymphatics was considered. Further details of the surgical

technique are available elsewhere.18,23 A gamma‐ray detecting probe
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was used intraoperatively to identify these nodes. If no nodes were

identified on ARM, or none was preserved, a standard AD was per-

formed, but the final analysis was conducted according to the

intention‐to‐treat principle. Standard AD was performed in patients

in the control arm, removing at least 10 axillary nodes from at least

the first and second Berg levels. All surgical procedures were per-

formed by the same trained team.

Outcomes

The trial's primary endpoint was to compare the incidence of BCRL

12 months after SAD or AD. Patients were assessed by a physiat-

rist, and their arm circumference was measured, followed by clinical

examination of any BCRL. The excess volume of the operated limb

was calculated, and drainage impairments were assessed on lym-

phoscintigraphy. The examiners were blinded to the treatment

group. The results of the multimodal assessment of cases of BCRL

were then analyzed and compared between the two treatment

groups. Patients' self‐reports of any impairment were also obtained

and compared.

Physiatrist's assessment

A preliminary diagnosis of BCRL was applied to arm circumferences

that had increased by ≥ 2 cm in one or more places (as in the pilot

study18). The clinical classification of lymphedema was based on

degrees of fovea (absent, mild, marked) and consistency (soft, me-

dium, hard), assessed on the upper arm, forearm, and hand. These

features were combined to score cases of BCRL clinically on four

levels, as absent, mild, moderate, or severe (including elephantiasis).

Upper limb volume

The circumference of both arms was measured, starting from the

wrist and proceeding at 5‐cm intervals to the top, to calculate the

volume of the arm using the formula for the volume of a truncated

cone. Excess volume in the operated limb was classified as: absent;

mild (1%‐5%); moderate (6%‐10%), or severe (>10%).

Lymphoscintigraphy

A total of 37 MBq of Tc99‐nanocolloid tracer were injected subcu-

taneously in the second, third, and fourth interdigital spaces of each

hand. Planar images were acquired with the gamma camera after

20 min (early images) and 90 min (delayed images). The whole‐body
acquisition technique was used to obtain a qualitative and semi-

quantitative assessment of dermal backflow and to compare the two

arms. Drainage impairment was classified as: absent, mild, moderate,

or severe.26,27

Patients' self‐reports

All patients were specifically asked to assess their own perception of

heaviness, swelling, and/or restricted movement. Patients self‐rated
the condition of their arm on a scale of 1 to 10, where 1 was intol-

erable and 10 was excellent. Their ratings were then grouped into

four categories of perceived impairment for inclusion in the final

analysis: 10‐9 (absent), 8‐6 (mild), 5‐3 (moderate), and 2‐1 (severe).

Secondary endpoint

The safety of SAD, in terms of the rate of axillary relapses during the

follow‐up due to incomplete AD, was amply investigated in an

ancillary study.23 Distant relapse‐free survival (DRFS) and breast‐
cancer–related events in the SAD and AD arms are described and

compared, also considering the length of follow‐up.

Sample size

Based on a pilot study involving a dichotomous assessment of the

primary endpoint, the risk of lymphedema in the AD group was

assumed to be 0.30 under the null hypothesis, and amounted to 0.10

under the alternative hypothesis.18 For a power of 90% and a type I

error of 0.05, 79 patients were originally planned in each arm to test

an assumed 0.20 difference in risk. The sample size was later (in

November 2018) reduced to 65 patients per arm because of a lower

than expected recruitment rate. It was estimated that this number

would still yield a satisfactory power of 83%.

Statistical methods

Descriptive statistics (means with standard deviations, medians with

interquartile ranges, contingency tables) were used to summarize

patients' characteristics, treatments, and all data concerning BCRL.

Pearson's χ2 test was used to compare the incidence of BCRL in the

SAD and AD arms. For the primary end point, the comparison was

also drawn with the Cochran‐Mantel‐Haenszel test on stratified data

to adjust for the possible confounding effect of neoadjuvant treat-

ments. DRFS curves were obtained with the Kaplan–Meier method

and compared with the log‐rank test. All statistical analyses were

conducted using SAS software28 and R.29

RESULTS

From June 12, 2014, to November 14, 2018, 139 patients met our

inclusion criteria, but seven declined to take part in the trial, and two

were not enrolled because they expressed doubts about completing

the required follow‐up. The remaining 130 patients consented and

were enrolled. They all met our criteria for AD: 52 had nodal
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involvement ascertained by fine‐needle biopsy; 42 had a previous

positive sentinel lymph node biopsy (SLNB); 36 had confirmed nodal

involvement and received neoadjuvant chemotherapy.

All 130 patients were randomly assigned to surgical treatment,

which involved AD in 65 (the control arm) and SAD in 65 (the study

arm). In four of the latter patients, no nodes were identified on ARM,

or none was preserved, indicating an overall 94% feasibility of SAD.

The two arms were well balanced overall, with the sole exception of

more neoadjuvant treatments in the SAD arm (35% vs 20%,

p = .0769). Table 1 shows details of patients' characteristics and

major risk factors for BCRL.

Twelve months after surgery, 123 patients completed at least

one procedure to identify any BCRL and were assessed on the study's

primary end point. In particular, 111 patients were examined by a

physiatrist, and their arm volume was calculated; 101 patients had

lymphoscintigraphy; and 122 self‐rated the condition of their arm.

Figure 1 shows the trial flow chart.

Primary end point

A year after surgery for breast cancer, 12 (21%) patients randomized

to SAD, as opposed to 23 (42%) treated with AD, had an increase in

arm circumference on the treated side. The difference between the

two rates was 21% (95% CI, 3‐37) and reached statistical significance

(p = .0253). When assessed separately in patients given neoadjuvant

or adjuvant treatments, the difference between the two groups in the

incidence of BCRL was again in favor of SAD: 13.6% among patients

given neoadjuvant chemotherapy and 19.0% among those given

adjuvant chemotherapy. The overall stratified test neared statistical

significance (p = .0511). Taken together, these findings rule out any

substantial confounding effect of different medical treatment.

Comparing the two arms on the four severity levels of BCRL,

women in the SAD arm fared significantly better on physical features

(p = .0105), excess volume (p = .0006), and lymphoscintigraphic

findings (p < .0001). We also found higher rates of major impairment

(severe BCRL) in the AD arm when physical features (3/28 vs 1/16),

excess volume (8/50 vs 2/30), and lymphoscintigraphic findings (8/37

vs 1/13) were considered separately. There was no significant dif-

ference between the two arms in the women's self‐reports, however.
Figure 2 summarizes the findings of the multimodal analysis at

12 months after surgery.

Secondary end point

With a median follow‐up of 44.1 months (interquartile range, 30.7‐
59.6), the breast‐cancer–related events did not differ significantly

TAB L E 1 Characteristics, treatments, and BCRL risk factors of patients enrolled, by trial arm

SAD AD

65 patients 65 patients

N % N %

Age, median (IQR), y 52 (46‐60) 51 (45‐63)

BMI, kg/m2: median (IQR) 21.8 (19.9‐26.3) 23.0 (20.3‐25.4)

Dominant side affected 28 43.1 31 47.7

Surgical treatment

Wide excision 30 46.2 33 50.8

Mastectomy 34 52.3 32 49.2

Axillary surgery alone 1 1.5 0 ‐

Axillary assessment by prior SLNB 20 30.8 22 33.8

No. of excised nodes: median (IQR) 17.0 (14.0‐23.0) 19.0 (16.0‐24.0)

No. of involved nodes: median (IQR) 2.0 (1.0‐5.0) 2.0 (1.0‐4.0)

Systemic treatment

Neoadjuvant 23 35.4 13 20.0

Adjuvant 42 64.6 52 80.0

Radiation treatment

Breast 31 47.7 33 50.8

Chest wall 22 33.8 22 33.8

Supra‐infraclavicular 25 38.5 24 36.9

Abbreviations: AD, axial dissection; BCRL, breast cancer–related lymphedema; BMI, body mass index; IQR, interquartile range; SAD, selective axillary

dissection; SLNB, sentinel lymph‐node biopsy.
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between the two arms in terms of ipsilateral breast tumor re-

currences, contralateral breast cancers, isolated axillary relapses,

distant relapses, or deaths (Table 2). Figure 3 shows the DRFS curves.

DISCUSSION

This two‐arm randomized clinical trial found the incidence of BCRL

lower after SAD than after AD. When BCRL did occur, it was more

often severe after AD. Blinded assessments of lymphedema a year

after surgery all indicated a significantly lower incidence of BCRL in

the SAD group. These objective benefits were not matched by pa-

tients' self‐ratings, however, which were similar for the two groups.

The hypothesized efficacy of SAD in reducing the risk of BCRL was

nonetheless confirmed. As for the safety of this approach, there were

no differences between the SAD and AD groups in terms of breast‐
cancer–related events or DRFS rates at 5 years.

Five randomized clinical trials with the same aim as ours have

been published so far30–34: two found that ARM procedures signifi-

cantly reduced the incidence of BCRL at 12 months30,31; one found

better results only 24 months after surgery34; and two (on small

samples) found no significant differences.32,33 One of these latter two

trials was a Dutch study that enrolled 107 patients at four dedicated

breast cancer centers, instead of the 280 calculated to be needed to

obtain a power of 0.8, and it was terminated prematurely after it

emerged that the Z0011 and AMAROS trials hampered patient

enrollment. Only 83 of the 107 patients were assessed at 12 months,

when 9/39 treated with AD had developed BCRL, as opposed to 4/44

treated with ARM‐SAD (p = .080). Based on the intention‐to‐treat
principle, the analysis did not consider the learning curve of partici-

pating centers with few cases, which could mean that less expert

surgeons failed to preserve ARM lymphatics and nodes, and conse-

quently performed standard AD.33 As reported in our own initial

experience, ARM‐SAD procedures were completed successfully in

63% of our first 30 patients and in 86% of the next 30.18 The figure

rose to 94% in the present series, indicating the need to gain confi-

dence with this node‐sparing procedure. A significant difference in

favor of ARM emerged when patients answered the World Health

Organization's WHOQOL‐BREF questionnaire validated for patients

with breast cancer.35 Our patients' self‐ratings were similar between

the two treatment arms, possibly because the simple, unvalidated

questionnaire we administered could not adequately capture

F I GUR E 1 Trial flow chart. FNB indicates fine‐needle biopsy; NAC, neo‐adjuvant chemotherapy; SLNB, sentinel lymph node biopsy.
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patients' impressions, an aspect that may represent a limitation of

our study.

Our study has several strengths. All of our patients were treated

by the same well‐trained surgical team. It is the first study to

compare the efficacy of ARM‐SAD vs standard AD in preventing

BCRL at 1 year after surgery using blinded physiatrist assessments,

excess volume calculations, and qualitative and semiquantitative

lymphoscintigraphic findings. These objective parameters were used

in our multimodal analysis of the morbidity associated with axillary

dissection, in terms of the arm's physical features (fovea and con-

sistency), excess volume, and lymphatic drainage impairment. This

type of impairment is associated with functional capacities and

functional reserves that vary from one individual to another. Our

study is also the first to consider even subclinical and minimal BCRL.

These strengths of our approach enabled a thorough comparison of

the morbidity following ARM‐SAD vs standard AD, even in a sample

of only 130 patients, as they were uniformly treated and assessed on

the primary endpoint in a strictly blinded manner.

A limitation of this study lies in that some patients did not

complete the follow‐up, but the missing results were balanced be-

tween the two groups. Another possible limitation stems from the

ARM‐SAD procedure considered here. SAD cannot be done at the

same time as SLNB because the same radioisotope is used in both

cases. The need for a separate procedure led to a long accrual period

because most patients treated at our institute underwent AD at the

same session if a frozen‐section SLNB was found positive. The use of

intraoperative frozen‐section SLNB is declining but may still hinder a

more extensive use of SAD in clinical practice. On the other hand, the

use of different tracers to visualize lymphatics and nodes during

reverse mapping has already been tested. The first experiences with

the ARM technique used methylene blue dye injected subcutane-

ously at the medial intramuscular crease between the biceps and

triceps.36,37 More recently, a similar approach involved using indoc-

yanine green dye and intraoperative visualization with a near‐
infrared fluorescent imaging system that may significantly improve

lymphatics detection during ARM.38,39 Such methods are easily

reproducible, afford a good view of the lymphatics to be spared, and

F I GUR E 2 Comparison of BCRL rates in SAD vs AD arm at 12 months after surgery. Multimodal assessment of primary endpoint:

(A) Clinical appearance of upper limb. (B) Excess volume of upper limb. (C) Lymphoscintigraphic findings. (D) Patients' self‐ratings. AD indicates
axial dissection; BCRL, breast‐cancer–related lymphedema; SAD, selective axillary dissection.

TAB L E 2 Secondary endpoint: breast‐cancer–related events,

by trial arm, after a median follow‐up of 44.1 mo

SAD AD

61 patients 62 patients

N % N %

Ipsilateral breast tumor recurrence 0 ‐ 0 ‐

Contralateral breast cancer 1 1.5 1 1.5

Isolated axillary relapse 1 1.5 0 0

Distant relapse 6 9.2 8 12.3

Death 3 4.6 2 3.1

Abbreviations: AD, axial dissection; IQR, interquartile range; SAD,

selective axillary dissection.
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can be adopted when the indication for AD is established during the

same procedure.31

All patients enrolled in our trial were node positive: 52 were cN1,

ascertained on ultrasound‐guided fine‐needle biopsy; 42 were cN0,

but had a prior positive SLNB; and 36 had been given neoadjuvant

chemotherapy for positive nodes. More patients in the SAD arm than

in the AD arm had received neoadjuvant treatments, but this did not

substantially bias the overall findings, as shown by a lower incidence

of BCRL after SAD in both the adjuvant and the neoadjuvant treat-

ment subgroups. The p value was borderline, then no longer signifi-

cant in the stratified analysis. The study was not originally powered

for this kind of analysis, however, which was needed post hoc to deal

with the imbalance between the two trial arms by type of adjuvant

treatment.

Because all patients enrolled were pragmatically considered

candidates for AD according to our institution's established criteria,

the study population was rather heterogeneous, with a variable risk

of subsequent nodal involvement. This enabled us to explore the

efficacy of axillary dissection in different situations. Our approach

could extend the number of potential candidates for ARM‐SAD, but
could also interfere with the assessment of its safety: this surgical

approach goes further than axillary sampling, but differs somewhat

from a complete AD.

This trial was not sized for a survival analysis and the follow‐up
was too short for such purposes, but our assumptions on the safety of

SAD seem to be confirmed by our findings regarding breast‐cancer–
related events and DRFS after a median follow‐up of 44.1 months,

the longest after ARM reported so far.

Our findings support the effectiveness of ARM‐SAD in reducing

the incidence of BCRL, but our patients' perceptions did not improve

as a result, so this surgical technique should not be considered a good

reason for extending the indications for axillary surgery. The American

College of Surgeons Oncology Group Z0011 trial, and the European

Organization for Research and Treatment of Cancer AMAROS trial led

to a lower use of AD,1,2 but more efforts are still needed to avoid

unnecessary AD, particularly after neoadjuvant chemotherapy.3,40

Meanwhile, ARM‐SAD can significantly reduce the expected sequelae

of axillary surgery, and is now a feasible, effective, and putatively safe

alternative to standard AD. Although evidence on the safety of this

somewhat less radical surgical procedure is still limited, our findings

encourage a change of approach when AD is still warranted.
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