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Linetta B. Koppert, MD, PhD; Ernest J. T. Luiten, MD, PhD; Marjolein L. Smidt, MD, PhD

IMPORTANCE Several less-invasive staging procedures have been proposed to replace axillary
lymph node dissection (ALND) after neoadjuvant chemotherapy (NAC) in patients with
initially clinically node-positive (cN+) breast cancer, but these procedures may fail to detect
residual disease. Owing to the lack of high-level evidence, it is not yet clear which procedure
is most optimal to replace ALND.

OBJECTIVE To determine the diagnostic accuracy of radioactive iodine seed placement in
the axilla with sentinel lymph node biopsy (RISAS), a targeted axillary dissection procedure.

DESIGN, SETTING, AND PARTICIPANTS This was a prospective, multicenter, noninferiority,
diagnostic accuracy trial conducted from March 1, 2017, to December 31, 2019. Patients
were included within 14 institutions (general, teaching, and academic) throughout the
Netherlands. Patients with breast cancer clinical tumor categories 1 through 4 (cT1-4; tumor
diameter <2 cm and up to >5 cm or extension to the chest wall or skin) and pathologically
proven positive axillary lymph nodes (ie, clinical node categories cN1, metastases to movable
ipsilateral level I and/or level II axillary nodes; cN2, metastases to fixed or matted ipsilateral
level I and/or level II axillary nodes; cN3b, metastases to ipsilateral level I and/or level II axillary
nodes with metastases to internal mammary nodes) who were treated with NAC were eligible
for inclusion. Data were analyzed from July 2020 to December 2021.

INTERVENTION Pre-NAC, the marking of a pathologically confirmed positive axillary lymph
node with radioactive iodine seed (MARI) procedure, was performed and after NAC, sentinel
lymph node biopsy (SLNB) combined with excision of the marked lymph node (ie, RISAS
procedure) was performed, followed by ALND.

MAIN OUTCOMES AND MEASURES The identification rate, false-negative rate (FNR), and
negative predictive value (NPV) were calculated for all 3 procedures: RISAS, SLNB, and MARI.
The noninferiority margin of the observed FNR was 6.25% for the RISAS procedure.

RESULTS A total of 212 patients (median [range] age, 52 [22-77] years) who had cN+ breast
cancer underwent the RISAS procedure and ALND. The identification rate of the RISAS
procedure was 98.2% (223 of 227). The identification rates of SLNB and MARI were 86.4%
(197 of 228) and 94.1% (224 of 238), respectively. FNR of the RISAS procedure was 3.5%
(5 of 144; 90% CI, 1.38-7.16), and NPV was 92.8% (64 of 69; 90% CI, 85.37-97.10), compared
with an FNR of 17.9% (22 of 123; 90% CI, 12.4%-24.5%) and NPV of 72.8% (59 of 81; 90% CI,
63.5%-80.8%) for SLNB and an FNR of 7.0% (10 of 143; 90% CI, 3.8%-11.6%) and NPV of
86.3% (63 of 73; 90% CI, 77.9%-92.4%) for the MARI procedure. In a subgroup of 174
patients in whom SLNB and the MARI procedure were successful and ALND was performed,
FNR of the RISAS procedure was 2.5% (3 of 118; 90% CI, 0.7%-6.4%), compared with
18.6% (22 of 118; 90% CI, 13.0%-25.5%) for SLNB (P < .001) and 6.8% (8 of 118; 90% CI,
3.4%-11.9%) for the MARI procedure (P = .03).

CONCLUSIONS AND RELEVANCE Results of this diagnostic study suggest that the RISAS
procedure was the most feasible and accurate less-invasive procedure for axillary staging
after NAC in patients with cN+ breast cancer.
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P atients with clinically node-positive (cN+) breast can-
cer are often treated with neoadjuvant chemotherapy
(NAC). As a result of NAC, approximately one-third of pa-

tients with cN+ breast cancer convert to a pathologic complete
response (pCR) of the axilla.1 The axillary pCR rate depends on
subtype and may be as high as 74% in ERBB2 (formerly HER2
or HER2/neu)–positive breast cancer.2-4 Until recently, pa-
tients with cN+ breast cancer were routinely treated with axil-
lary lymph node dissection (ALND), irrespective of treatment
response. However, patients with cN+ breast cancer who achieve
axillary pCR are not expected to benefit from ALND.

Over the past years, several less-invasive staging procedures
have been proposed to enable response-based management of
the axilla in patients with cN+ breast cancer: sentinel lymph
node biopsy (SLNB),5-7 excision of the pretreatment-marked
positive lymph node (eg, marking axillary lymph node with
radioactive iodine seed [MARI] procedure),8,9 and procedures
combining SLNB and excision of the pretreatment-marked posi-
tive lymph node (eg, targeted axillary dissection).10,11 However,
these procedures are of varying accuracy and may fail to detect
chemotherapy-resistant residual axillary disease compared with
ALND, although it is yet unclear whether this affects progno-
sis. Therefore, the preferred procedure to replace ALND should
be the one with the lowest risk of missing residual axillary dis-
ease, ie, the number of false-negative results should be as small
as possible.

In a meta-analysis1 including 17 studies on the diagnostic ac-
curacy of SLNB in patients with cN+ breast cancer treated with
NAC, the overall false-negative rate (FNR) was 17%. The nega-
tivepredictivevalue(NPV)was86%atbest,whichmeansresidual
axillary disease is missed in at least 1 in 6 patients with tumor-
free SLNs. The MARI procedure was developed as an alternative
to SLNB: the pathologically proven positive lymph node is
marked with a radioactive iodine seed before NAC and excised
after NAC. In a single-center prospective trial of 100 patients with
cN+ breast cancer, the MARI procedure was associated with an
FNR of 7% and an NPV of 83.3%.8 Thus, residual axillary disease
may still be missed in cases of a tumor-free MARI node. Three
trials10,12,13 evaluated the diagnostic accuracy of targeted axillary
dissection: the FNR ranged from 2% to 4%, and the NPV ranged
from 92% to 97%. These results are promising, but evidence is
limited owing to their study designs and relatively small sample
sizes, ranging from 35 to 85 patients.

Thisprospective,multicentertrialwasdesignedtodetermine
the diagnostic accuracy of the combination of SLNB and MARI,
referred to as the radioactive iodine seed placement in the axilla
with sentinel lymph node biopsy (RISAS) procedure, for axillary
staging after NAC in patients with cN+ breast cancer. The study
protocolhasbeenpublishedpreviously.14 Itwashypothesizedthat
the RISAS procedure would be noninferior to ALND for axillary
staging and superior to the separate SLNB and MARI procedure.

Methods
Study Design
The RISAS trial was a single-group, prospective, multicenter
validation trial. The primary objective was to determine the

diagnostic accuracy of SLNB combined with the MARI proce-
dure for axillary staging after NAC in patients with cN+ breast
cancer. Secondary objectives included the accuracy of the SLNB
and the MARI procedure separately. The medical ethics re-
view committee of the Erasmus Medical Center (Rotterdam,
the Netherlands) approved this study, and written informed
consent was obtained from all patients. Fourteen institutions
participated in this trial, of which 13 institutions actively ac-
crued patients. The review boards of all participating centers
approved trial participation. All participating institutions had
prior experience with the use of iodine seeds for localization
of breast lesions. The trial was registered on ClinicalTrials.gov15

and was funded by the Dutch Cancer Society. This study fol-
lowed the Standards for Reporting of Diagnostic Accuracy
(STARD) reporting guidelines.

Eligibility Criteria
Female patients 18 years or older were eligible for the study.
In addition, patients with breast cancer clinical tumor catego-
ries 1 through 4 (cT1-4; tumor diameter <2 cm and up to >5 cm
or extension to the chest wall or skin) and clinical node cat-
egories cN1 (metastases to movable ipsilateral level I and/or
level II axillary nodes), cN2 (metastases to fixed or matted
ipsilateral level I and/or level II axillary nodes), or cN3b (me-
tastases to ipsilateral level I and/or level II axillary nodes with
metastases to internal mammary nodes) and who were treated
with NAC were eligible for inclusion. Nodal positivity had to
be confirmed with either fine-needle aspiration cytology or
core-needle biopsy before NAC. Patients with positive infra-
clavicular or supraclavicular lymph nodes, patients with (oligo)
metastatic breast cancer, and patients with prior surgery or
radiotherapy to the ipsilateral axilla (including SLNB before
NAC) were excluded. Patient race and ethnicity data were not
gathered for this study; it was not hypothesized that race or
ethnicity would be associated with the diagnostic accuracy
of the investigated procedure.

Neoadjuvant Chemotherapy
Recommendations for systemic therapy regimens were based
on national guidelines. NAC generally included anthracy-
cline- and/or taxane-based regimens. In patients with ERBB2-

Key Points
Question What is the diagnostic accuracy of targeted axillary
dissection after neoadjuvant chemotherapy in patients who
have clinically node-positive breast cancer?

Findings In this multicenter diagnostic study including
212 patients, the false-negative rate of targeted axillary dissection
(ie, radioactive iodine seed placement in the axilla with sentinel
lymph node biopsy [RISAS] procedure) was 3.5%. The negative
predictive value was 92.8%, meaning that residual disease was
missed in only 1 of 14 patients with a pathologic complete
response in the RISAS nodes.

Meaning These findings suggest the potential for worldwide
implementation of targeted axillary dissection to enable
response-based management of the axilla and to guide adjuvant
(systemic) treatment strategies.
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positive breast cancer, ERBB2-targeted therapy (trastuzumab
with or without pertuzumab) was added to the chemo-
therapy regimen.

The RISAS Procedure
The RISAS procedure consisted of both the SLNB and
the MARI procedure. Before NAC, patients underwent
ultrasound-guided placement of a radioactive iodine seed
within the pathologically proven positive lymph node. The
seeds labeled with radioactive iodine I 125 (125I) had a maxi-
mum activity of 7.4 MBq and a half-life of 60 days. If multiple
lymph nodes were suspicious, the lymph node with the most
suspicious morphology on ultrasonography was marked. In
1 institution, a protocol deviation took place regarding iodine
seed placement: in a small subset of patients, a clip instead of
an iodine seed was placed before NAC followed by iodine
seed placement after NAC. The study protocol recommended
dual-tracer technique for SLNB, but this was not obligated. If
a radioactive tracer was used, technetium Tc 99m nanocol-
loid was injected on the day of or on the day before the surgi-
cal procedure followed by lymphoscintigraphy. If blue dye
was used, this was injected at the start of the operation and
followed by massage of the injection site. The protocol did
not require a minimum number of lymph nodes to be excised
for the RISAS procedure. Excision of the lymph node contain-
ing the iodine seed was confirmed with a gamma probe
and/or a specimen radiograph. All hot and/or blue lymph
nodes were considered SLNs. Non-SLNs, such as palpable
suspicious lymph nodes, were removed at the discretion of
the surgeon. During the operation, the RISAS procedure was
followed by ALND.

Histopathologic Evaluation
All lymph nodes were stained with hematoxylin and eosin and
the pathology outcome was reported separately for the lymph
node containing the iodine seed, the SLN(s), and the remain-
ing lymph nodes of the ALND specimen. Axillary pCR was
defined as the absence of residual disease, including the ab-
sence of isolated tumor cells and micrometastases. On-site use
of immunohistochemistry (IHC) was not mandatory. Slides
of the RISAS lymph nodes that were considered negative af-
ter on-site evaluation were centrally reviewed by a single pa-
thologist (P.J.v.D.). In cases with less than 3 to 5 levels exam-
ined, additional sectioning up to the fifth level was done. IHC
was performed on all levels (in case this was not performed
on-site, including the additional levels).

Power and Sample Size Calculation
This trial was set up to determine if the RISAS procedure
would be noninferior to the criterion standard, ALND. The
null hypothesis of inferiority would be rejected at a signifi-
cance level of 5% if the upper bound of the 2-sided 90%
Clopper-Pearson CI of the observed FNR was below the non-
inferiority margin of 6.25%. This margin was considered
clinically acceptable as it is far below the threshold of 10%
that is generally considered for SLNB. For example, if 144
included patients had a positive ALND, the null hypothesis
of inferiority could be rejected if the number of FN results

was less than or equal to 4 (FNR 2.78%; 90% CI, 0.95%-
6.24%). Assuming an FNR of 2%, a prevalence of a positive
ALND of 64%, and a 10% dropout rate, a sample size of 248
patients was needed (with 84% power to reject the null
hypothesis). An FNR of 6.25% (the noninferiority margin)
corresponded to a NPV of 90%.

Statistical Analysis
The identification rate, the FNR, and the NPV were calcu-
lated for the RISAS procedure and for the SLNB and the
MARI procedure separately. The identification rate was
defined as the number of patients in whom the procedure
was successful divided by the total number of patients in
whom the procedure was attempted. The procedure was
considered successful if at least 1 lymph node could be iden-
tified (an SLN and/or a MARI node). All SLN(s) and/or MARI
nodes together were considered RISAS lymph nodes. If the
surgeon identified a supposed SLN or MARI node, but no
lymph node could be identified by the pathologist (eg, only
subcutaneous tissue was found), the procedure was
recorded as unsuccessful. The MARI node was considered to
be an SLN if the surgeon documented that the MARI node
was hot and/or blue or if the pathologist documented that
the MARI node was blue. If the iodine seed appeared to be
located in another lymph node than initially reported by the
surgeon, the lymph node containing the iodine seed identi-
fied by the pathologist was recorded as the MARI node.

The FNR was defined as the number of FN results di-
vided by the total number of patients with residual axillary
disease, the sum of FN results plus true positive (TP) results =
[FN / (FN + TP)]. The NPV was defined as the number of true
negative (TN) results divided by the total number of patients
with a negative test outcome = [TN / (TN + FN)]. An FN result
occurred if the RISAS procedure incorrectly indicated axil-
lary pCR (ie, the remaining lymph nodes of the ALND speci-
men did contain residual axillary disease).

The 1-sided McNemar exact test was used to test the null
hypothesis that the FNR of the RISAS procedure was equal to
the FNR of SLNB and of the MARI procedure. Statistical analy-
sis was performed using the Statistical Package for the Social
Sciences software, version 26 (IBM Corp). Data were ana-
lyzed from July 2020 to December 2021.

Results
A total of 252 patients provided informed consent from
March 1, 2017, until December 31, 2019, of whom 227 patients
underwent the RISAS procedure followed by completion
ALND in 212 patients (median [range] age, 52 [22-77] years)
(Figure 1A). The majority of patients had hormone receptor
(HR)–positive/ERBB2-negative breast cancer (Table 1). The
overall breast pCR (ypT0) rate was 30.5% (64 of 210), and
the axillary pCR (ypN0) rate was 35.4% (75 of 212). Axillary pCR
differed by subtype: 12.7% (13 of 102) for HR-positive/ERBB2-
negative, 58.1% (25 of 43) for HR-positive/ERBB2-positive,
77.3% (17 of 22) for HR-negative/ERBB2-positive and 44.4%
(20 of 45) for triple-negative breast cancer (P < .001).
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RISAS Procedure
The RISAS procedure was successful in 223 of 227 patients
(ie, at least 1 SLN and/or MARI node was identified), which re-
sulted in an identification rate of 98.2%. The ALND specimen
contained residual axillary disease in 2 of the 4 patients (50%)
in whom the RISAS procedure was unsuccessful. A mean (SD)
of 1.8 (1.1) lymph nodes was removed with the RISAS proce-
dure (median [range], 2 [1-8] lymph nodes). In 35 of 223 pa-
tients (15.7%), either only the SLNB or only the MARI proce-
dure was successful. In 188 of 223 patients (84.3%), both the
SLNB and the MARI procedure were successful: the MARI node

was also an SLN in 134 of 188 patients (71.3%). Residual axil-
lary disease was located in either the SLN(s) or the MARI node
in 19% of patients.

In 208 of 223 patients (93.3%) in whom the RISAS proce-
dure was successful, completion ALND was performed,
and these patients were included in the accuracy analysis
(Figure 1A). Based on the on-site pathology evaluation of the
RISAS lymph nodes, 73 patients had axillary pCR, 7 patients
had an FN RISAS result, and 128 patients had residual axillary
disease. Central pathology review was performed on the
RISAS slides of the 80 patients with on-site axillary pCR in

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) Diagram and Flowchart

252 Patients with cN+ breast cancer provided informed consent

227 Underwent RISAS procedure

223 Had successful RISAS procedure

NAC

25 Excluded
20 RISAS procedure not performed

2 Treatment plan changed to no NAC
1 Withdrew prior to iodine seed placement
1 No iodine seed placement due to logistic issues
1 Insurance issues

11 MARI without SLNB
6 No SLNB and no MARI
1 SLNB without MARI
1 Patient disregarded any surgery
1 Unknown

208 Underwent ALND
144 ypN+
64 ypN0

81 RISAS positive/ALND positive
64 RISAS negative/ALND negative
58 RISAS positive/ALND negative
5 RISAS negative/ALND positive

4 Had unsuccessful RISAS procedure; ALND was performed
2 ypN0
2 ypN+

15 Did not undergo ALNDa

9 ypN+
6 ypN0

228 Underwent SLNBa 238 Underwent MARIa

197 Underwent successful SLNB 224 Underwent successful MARI

182 Underwent ALND
59 ypN0

123 ypN+
101 TP
59 SLNB TN
22 FN

206 Underwent ALND
63 ypN0

144 ypN+
133 TP
63 MARI TN
10 FN

15 Did not undergo ALNDb

9 ypNO
6 ypN+

18 Did not undergo ALNDb

7 ypNO
11 ypN+

CONSORT diagram for RISAS studyA

Flowchart of patients who underwent SLNB and MARI proceduresB

A, CONSORT diagram for the
radioactive iodine seed placement
in the axilla with sentinel lymph
node biopsy (RISAS) procedure.
B, Flowchart of patients who
underwent sentinel lymph node
biopsy (SLNB) and the marking of
a pathologically confirmed positive
axillary lymph node with radioactive
iodine seed (MARI) procedure. In 3 of
9 patients with lymph node–negative
(ypN0) status based on SLNB,
residual disease was found in the
MARI node. ALND indicates axillary
lymph node dissection; cN+, clinically
node positive; FN, false negative;
NAC, neoadjuvant chemotherapy;
TN, true negative; TP, true positive;
ypN+, lymph node metastasis.
a At the patients’ request, only

the RISAS procedure without
completion ALND was performed
(this decision was always made
before the surgical procedure
took place).

b These numbers represent all
patients in whom SLNB was
performed (ie, RISAS procedure
in 227 patients and SLNB only
[without MARI] in 1 patient for
a total of 228 patients for SLNB) or
in whom the MARI procedure was
performed (ie, RISAS procedure
in 227 patients and MARI only
[without SLNB] in 11 patients for
a total of 238 patients for MARI).
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the RISAS lymph nodes. Two patients did not have tissue avail-
able for additional sectioning. Central review revealed re-
sidual disease in 11 patients (based on revision of existing slides,
n = 4; based on review of slides from additional sectioning,
n = 7 [including 2 patients who initially had an FN RISAS re-
sult]). The residual disease consisted of macrometastasis in
1 patient (Figure 2) and isolated tumor cells and/or microme-
tastasis in the remaining patients. In all but 1 patient in whom
central pathology review revealed residual disease, the lymph
nodes showed signs of regression.

In summary, 64 patients had a TN result, 5 patients had
an FN result, and 139 patients had a TP result after central pa-
thology review. This yielded an FNR of 3.5% (5 of 144; 90% CI,
1.38-7.16) and an NPV of 92.8% (64 of 69; 90% CI, 85.37-
97.10) (Table 2). The residual disease in the completion ALND
consisted of macrometastasis in 4 patients (3 patients with
1 macrometastatic lymph node and 1 patient with 2 macro-
metastatic lymph nodes) and micrometastasis in 1 patient (in
2 lymph nodes). All FN results occurred in different institu-
tions, and 4 of 5 FN results (80%) occurred within the first 10
included patients of the involved institutions. Table 3 shows
characteristics of patients with an FN result. In 81 of 139 pa-
tients (58.3%) with positive RISAS lymph nodes, the comple-
tion ALND specimen contained additional positive nodes.

The number of FN results was 2 for patients with cN1, 3 for
patients with cN2, and 0 for patients with cN3b status. Owing
to the small number of patients in these subgroups, FNR and
NPV were not provided separately dependent on cN status.

SLNB
The SLNB was successful in 197 of 228 patients (86.4%). Sam-
pling was performed with Tc 99m nanocolloid with or with-
out blue dye in 215 of 228 (94.3%) patients (identification rate,
88.4% [190 of 215]). In the remaining 13 patients, sampling
was performed with blue dye only (identification rate, 53.8%
[7 of 13]). A total of 182 patients in whom SLNB was success-
ful and completion ALND was performed were included in
the accuracy analysis (Figure 1B). In 22 patients, no residual
axillary disease was found in the SLN(s), whereas residual ax-
illary disease was found in the nodes of the MARI procedure
and/or completion ALND. This yielded an FNR of 17.9% (22 of
123; 90% 12.4%-24.5%) and an NPV of 72.8% (59 of 81; 90%
63.5%-80.4%) (Table 2).

One patient had lymph drainage to the contralateral ax-
illa on lymphoscintigraphy and underwent bilateral axillary
surgery; the contralateral SLN was tumor free, and the ipsilat-
eral MARI node (which also appeared to be a hot node) con-
tained a macrometastasis. In 17 of the 20 lymph nodes (85%)
in the ipsilateral completion ALND specimen, macrometasta-
ses were found. One patient sustained an anaphylactic shock
attributable to blue dye. A surgical procedure was performed
successfully 2 weeks later, and the patient fully recovered from
the adverse event.

MARI Procedure
In 224 of 238 patients (94.1%) the MARI procedure was suc-
cessful. A total of 206 patients in whom the MARI procedure
was successful and completion ALND was performed were

included in the accuracy analysis (Figure 1B). In 10 patients,
no residual axillary disease was found in the MARI lymph node,
whereas residual axillary disease was found in the nodes of the
SLNB and/or completion ALND. This yielded an FNR of 7.0%
(10 of 143; 90% CI, 3.8%-11.6%) and an NPV of 86.3% (63 of 73;
90% CI, 77.9%-92.4%) (Table 2).

Comparison of Accuracy of the RISAS Procedure
With SLNB and the MARI Procedure
In 174 patients, both the SLNB and MARI procedure were suc-
cessful and a completion ALND was performed. For this sub-
group of patients, 56 patients (32.2%) had axillary pCR, and
118 patients (67.8%) had residual axillary disease. The FNR was
2.5% (3 of 118; 90% CI, 0.7%-6.4%) for the RISAS procedure,
compared with 18.6% (22 of 118; 90% CI, 13.0%-25.5%; P < .001)
for SLNB and 6.8% (8 of 118; 90% CI, 3.4%-11.9%; P = .03) for
MARI (Table 2). The NPV was 94.9% (56 of 59) for the RISAS
procedure, 71.8% (56 of 78) for SLNB, and 87.5% (56 of 64)
for MARI.

Table 1. Patient and Tumor Characteristics

Characteristic No. (%)

All patients 212 (100)

Age, median (range), y 52 (22-77)

cT statusa

0 2 (0.9)

1 26 (12.3)

2 128 (60.4)

3 49 (23.1)

4 7 (3.3)

Multifocality

No 158 (74.5)

Yes 54 (25.5)

cN status

1 154 (72.6)

2 44 (20.8)

3b 14 (6.6)

Stage

II 155 (73.1)

III 157 (26.9)

Subtype

HR+/ERBB2−b 102 (48.1)

HR+/ERBB2+ 43 (20.3)

HR−/ERBB2+ 22 (10.4)

Triple negative 45 (21.2)

Type of breast surgery

Lumpectomy 119 (56.1)

Mastectomy 93 (43.9)

Abbreviations: cN, clinical node status; cT, clinical tumor status; HR, hormone
receptor.
a cT status: 0, no evidence of primary tumor; 1, tumor is less than or equal to

2 cm in diameter; 2, tumor is greater than 2 cm but less than 5 cm in diameter;
3, tumor is greater than 5 cm in diameter; 4, tumor has extended to the chest
wall or skin.

b Formerly HER2 or HER2/neu.
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Discussion

To our knowledge, this was the first prospective validation trial
with a multicenter design, rather than a registry study, of pa-
tients with cN+ breast cancer who were treated with NAC. Re-
sults demonstrated that the RISAS procedure, a combination
of SLNB and the MARI procedure, was associated with an FNR
of 3.5% and an NPV of 92.8%. The upper bound of the confi-

dence interval (2-sided 90% CI, 1.38%-7.16%) slightly ex-
ceeded the prespecified noninferiority margin of 6.25%, yet
the difference was small, and therefore, it is expected that
ALND added little to the detection of residual disease com-
pared with the RISAS procedure. The RISAS procedure was as-
sociated with superior diagnostic accuracy compared with
SLNB and MARI (FNR of 17.9% and 7% and NPV of 72.8% and
86.3%, respectively). Moreover, the RISAS procedure was as-
sociated with the highest identification rate of 98%; thus, only

Figure 2. Digital Hematoxylin and Eosin–Stained Tissue Sections From a Radioactive Iodine Seed Placement in the Axilla With Sentinel Lymph Node
Biopsy (RISAS) Lymph Node That Underwent Central Pathology Review

Original on-site section without signs of
residual disease

A Additional section obtained at central
pathology review

B Magnification of the cluster of residual cancer cellsC

300 μm

A, The original on-site section without signs of residual disease. B, An additional section obtained at central pathology review with a large cluster (>2 mm) of residual
cancer cells (arrowhead). C, Magnification of the cluster of residual cancer cells from panel (B).

Table 2. Identification Rate and Accuracy of the Radioactive Iodine Seed Placement in the Axilla With
Sentinel Lymph Node Biopsy (RISAS) Procedure, Sentinel Lymph Node Biopsy (SLNB), and the Marking
of a Pathologically Confirmed Positive Axillary Lymph Node With Radioactive Iodine Seed (MARI) Procedurea

Characteristic

No./total No. (%)

RISAS SLNB MARI

Whole cohortb

Identification rate 223/227 (98.2) 197/228 (86.4) 224/238 (94.1)

FNR 5/144 (3.5) 22/123 (17.9) 10/143 (7.0)

NPV 64/69 (92.8) 59/81 (72.8) 63/73 (86.3)

Risk of missing residual disease when
staging procedure indicates axillary pCR
(1 in No. of patients)c

1 in 13.8 (69/5) 1 in 3.7 (81/22) 1 in 7.3 (73/10)

Subgroup analysis

Identification rate 174/174 (100) 174/174 (100) 174/174 (100)

FNRd 3/118 (2.5) 22/118 (18.6) 8/118 (6.8)

NPV 56/59 (94.9) 56/78 (71.8) 56/64 (87.5)

Risk of missing residual disease when
staging procedure indicates axillary pCR
(1 in No. of patients)c

1 in 19.7 (59/3) 1 in 3.6 (78/22) 1 in 8.0 (64/8)

Abbreviations: FNR, false-negative
rate; NPV, negative predictive value;
pCR, pathologic complete response.
a Provided separately based on

analysis of the whole cohort and
based on analysis of a subgroup
of patients within whom both the
SLNB and MARI procedures were
successful.

b Accuracy analysis for the RISAS
procedure was based on 208
patients, for SLNB was based
on 182 patients, and for the
MARI procedure was based on
206 patients.

c Based on NPV rates of the different
staging procedures.

d There was a statistically significant
difference in FNR between the
RISAS procedure and SLNB
(P < .001) and between the RISAS
and MARI procedures (P = .03).

Table 3. Characteristics of Patients With a False Negative Radioactive Iodine Seed Placement in the Axilla
With Sentinel Lymph Node Biopsy (RISAS) Result (n = 5)

Age, y Subtype
Clinical
tumor status

Suspicious lymph
node pre-NAC Breast pCR

68 HR+/ERBB2−a T2 <4 No

63 HR+/ERBB2− T2 ≥4 No

58 HR+/ERBB2+ T3 ≥4 Yes

48 Triple negative T2 ≥4 No

51 Triple negative T3 ≥4 Yes

Abbreviations: NAC, neoadjuvant
chemotherapy; pCR, pathologic
complete response.
a Formerly HER2 or HER2/neu.
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2% of patients needed ALND to determine axillary treatment
response. The results of the current trial corroborate results
from previous studies, and the evidence is mounting that
RISAS (ie, a targeted axillary dissection procedure) may be the
preferred procedure to replace ALND for axillary staging.

In the current trial, results suggest that the RISAS procedure
had 2 advantages over sole performance of either SLNB or MARI.
First, the RISAS procedure was associated with an excellent iden-
tification rate of 98.2%. If only SLNB had been performed, ap-
proximately 15% of patients would have had no nodes identified
and would have to undergo ALND to determine the axillary treat-
ment response. The MARI procedure also had a lower identifi-
cation rate than that of the RISAS procedure (94.1%). Second, the
RISAS procedure was associated with improved accuracy, with
asignificantlylowerFNRcomparedwithSLNBandtheMARIpro-
cedure. This was not only explained by the better identification
rate; the MARI node may be tumor free, whereas the SLN har-
vests residual disease and vice versa. Reasons to explain this
finding may include blockage of lymph drainage by residual tu-
mor or a heterogeneous tumor response among axillary lymph
nodes. The improved accuracy of procedures like RISAS is prob-
ably not simply attributable to the excision of more lymph nodes.
The median number of lymph nodes excised with the RISAS
procedure was only 2. Therefore, when SLNB is combined with
MARI procedure, it is not necessary to harvest a minimum of
3 SLNs, in contrast to the separate SLNB.16

Axillary staging should not only serve to prevent unnec-
essary ALND in patients with an axillary pCR but also to accu-
rately detect residual disease to guide adjuvant treatment
decisions. The Trastuzumab Emtansine for Residual Invasive
ERBB2-Positive Breast Cancer (KATHERINE)17 and Adjuvant
Capecitabine for ERBB2-Negative Breast Cancer After Preop-
erative Chemotherapy (CREATE-X)18 trials showed that
patients with residual disease may benefit from additional
adjuvant systemic therapy (trastuzumab emtansine for
ERBB2-positive and capecitabine for ERBB2-negative breast
cancer) in terms of decreased risk of recurrence. Conse-
quently, accurate assessment of treatment response is piv-
otal. Because the RISAS procedure was associated with the
lowest FNR, it carries the lowest risk of missing residual dis-
ease (and thus the lowest risk of missing out on adjuvant sys-
temic therapy).

It is unknown whether omission of ALND affects onco-
logic safety in terms of disease-free and overall survival. Sev-
eral randomized controlled trials are currently assessing these
end points, both for patients with axillary pCR (Axillary Man-
agement in Breast Cancer Patients With Needle Biopsy–
Proven Nodal Metastases After Neoadjuvant Chemotherapy
[ATNEC])19 and B51/RTOG130420 trials) and for patients with
residual disease (Alliance 01120221 and Tailored Axillary Sur-
gery With or Without Axillary Lymph Node Dissection Fol-

lowed by Radiotherapy in Patients With Clinically Node-
Positive Breast Cancer [TAXIS]22 trials). In the Netherlands,
a prospective registry for patients with cN+ breast cancer
treated with NAC is currently recruiting patients (the Mini-
mal vs Maximal Invasive Axillary Staging and Treatment Af-
ter Neoadjuvant Systemic Therapy in Node-Positive Breast
Cancer [MINIMAX]23 trial). With the heterogenous applica-
tion of less and more invasive axillary management strate-
gies in daily practice,24 this nationwide cohort allows for com-
parison between the different strategies in terms of survival
as well as quality of life. Because ALND is already increas-
ingly being omitted worldwide in patients with cN+ breast can-
cer treated with NAC,25-27 these data are highly anticipated.

Limitations
This trial had a few limitations. Regarding central pathology
review, the use of IHC on RISAS lymph nodes decreased the
number of FN results, without substantially decreasing
the number of TN results. However, in some patients, on-site
IHC was performed, and therefore, the full effect of IHC can-
not be determined within this trial. The participating institu-
tions of the current trial had ample experience with iodine seed
localization of breast lesions but little experience with local-
ization of lymph nodes. Although these procedures are basi-
cally similar, institutions with vast experience in localizing
lymph nodes may obtain better results (particularly because
most of the FN results occurred within the first 10 included pa-
tients of the involved institutions). Nevertheless, the results of
the MARI procedure within this trial correspond to data from
the MARI trial itself, which reported an identification rate of
97% and FNR of 7%.8 Regarding SLNB, the identification rate
and accuracy of SLNB might have been better if dual-tracer tech-
nique was performed in all patients. Again, the findings of our
trial correspond to data of a meta-analysis including 17 trials
on SLNB, which reported an overall identification rate of 89%
(range, 87%-92%) and overall FNR of 17% (range, 14%-20%).1

Moreover, this study demonstrated that the RISAS procedure
is clinically feasible in a multicenter setting, which supports
implementation of this procedure in daily practice.

Conclusions
Results of this diagnostic study suggest that combining SLNB
with excision of the marked lymph node may be the most ac-
curate less-invasive procedure available for axillary staging
after NAC in patients with cN+ breast cancer. Therefore, if
less-invasive axillary staging is considered, the RISAS proce-
dure (or a similar type of targeted axillary dissection), is clini-
cally feasible in a multicenter setting, which supports imple-
mentation of this procedure in daily practice.
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