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ABSTRACT

The increasing use and effectiveness of primary systemic treatment (PST) enables tailored locoregional treat-
ment. About one third of clinically node positive (cN+) breast cancer patients achieve pathologic complete
response (pCR) of the axilla, with higher rates observed in Human Epidermal growth factor Receptor (HER)2-
positive or triple negative (TN) breast cancer subtypes. Tailoring axillary treatment for patients with axillary pCR
is necessary, as they are unlikely to benefit from axillary lymph node dissection (ALND), but may suffer com-
plications and long-term morbidity such as lymphedema and impaired shoulder motion. By combining pre-PST
and post-PST axillary staging techniques, ALND can be omitted in most cN + patients with pCR. Different post-
PST staging techniques (MARI/TAD/SN) show low or ultra-low false negative rates for detection of residual
disease. More importantly, trials using the MARI (Marking Axillary lymph nodes with Radioactive Iodine seeds)
procedure or sentinel lymph node biopsy (SLNB) as axillary staging technique post-PST have already shown the
safety of tailoring axillary treatment in patients with an excellent response. Tailored axillary treatment using the
MARI procedure in stage I-III breast cancer resulted in 80% reduction of ALND and excellent five-year axillary
recurrence free interval (aRFI) of 97%. Similar oncologic outcomes were seen for post-SLNB in stage I-II patients.
The MARI technique requires only one invasive procedure pre-NST and a median of one node is removed post-
PST, whereas for the SLNB and TAD techniques two to four nodes are removed. A disadvantage of the MARI

technique is its use of radioactive iodine, which is subject to extensive regulations.

1. Introduction

In the past decades, breast cancer treatment is increasingly tailored
to tumor subtype and biology [1]. In breast cancer subtypes where
systemic treatment (chemotherapy and targeted therapy) is indicated, it
is currently common practice to start with systemic treatment followed
by locoregional treatment. This so-called primary systemic treatment
(PST) enables tailoring of subsequent locoregional treatment to the
response to systemic treatment [2-5].

The concept of tailoring local treatment is quite straightforward, as
tumor size reduction following PST may enable breast conserving sur-
gery in patients initially planned for mastectomy [2,6]. Increasing the
breast conserving surgery rates is one of the achieved goals of PST [7-9].

However, despite axillary pathologic complete response (pCR) rates
as high as 80% in node-positive patients with hormone receptor negative

(HR-)/Human Epidermal growth factor Receptor positive (HER2+) tu-
mors [5,10], a significant number of patients still undergo ALND [11],
leading to unnecessary comorbidity. To what extent axillary treatment
may be adjusted remains an unanswered clinical question.

2. Definitions and techniques

When answering this question, various terms and techniques are
used (Table 1),

As stated above, systemic treatment administered before surgery
(PST) has an important advantage compared to adjuvant systemic
therapy: the response to systemic therapy can be monitored, allowing
for tailored adjuvant systemic treatment [12-14] and tailored locore-
gional therapy.

Several techniques for axillary staging are available, including non-
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Table 1
Definition of used terms.

PST Primary systemic treatment; systemic treatment (chemotherapy and
targeted therapy) administered before surgery

cN+ Abnormal axillary lymph nodes identified with clinical exam and/or
imaging (US/PET-CT) with fine needle aspiration or needle biopsy
confirming metastatic disease

SLNB Sentinel Lymph Node Biopsy

MARI  Marking the Axillary node with an Radioactive Iodine seed

TAD Targeted Axillary Dissection; consisting of the removal of a marked tumour-

positive lymph node combined with SLNB

invasive methods such as ultrasound (US) [15,16], fluorodeoxyglucose
(FDG)-positron emission tomography/computed tomography (PET/CT)
[17,18] or nmagnetic resonance imaging (MRI) [19] and
minimal-invasive techniques such as SLNB, the MARI procedure and
TAD.

SLNB [20-22] is a surgical procedure that involves identifying and
removing the first lymph node(s) along the lymphatic drainage pathway
from the primary tumor in the breast to the axillary lymph node basin.
This can be achieved through either a single or dual tracer technique,
which involves the injection of a radioactive tracer, blue dye, or a
combination of both to identify the SLN.

In the MARI procedure a tumour-positive axillary lymph node is
marked with an iodine seed prior to PST. This MARI-node can be
selectively removed and analyzed after PST [23].

Axillary staging using TAD involves removal of a marked tumour-
positive node in combination with SLNB [24,25]. Various methods can
be used to mark the tumour-positive lymph node such as implantation or
injection of titanium clips, radioactive or magnetic seeds or
carbon-suspension liquids. In the original TAD as described by Caudle
et al. [26] one of the pathologic nodes is marked with a radio-paque
marker before PST and only after PST an iodine seed is placed in this
node; in the RISAS technique [27], an alternative TAD procedure, the
pathologic node is marked with an iodine seed prior to PST.

Tailoring axillary treatment in women with cN + breast cancer after
PST requires adequate axillary nodal staging before and after PST.

3. Axillary staging before PST
3.1. Non-invasive methods: US — MRI — FDG-PET/CT

Both clinical and pathologic lymph node status are independent
prognostic factors for locoregional recurrence and survival in breast
cancer patients treated with PST [28-30]. Since the clinical axillary
lymph node status is the baseline for tailoring the axillary treatment,
accurately staging the axillary lymph node status before undergoing PST
is a crucial step.

US has been widely adopted as diagnostic tool to assess axillary
lymph node involvement pre-PST as it has greater accuracy compared to
physical examination alone. In case of suspicious nodes, US is mostly
combined with fine needle aspiration cytology [31]. However, in pa-
tients with normal axillary lymph nodes on standard pre-operative MRI,
axillary US did not improve axillary staging [32].

Previous studies have shown that FDG-PET/CT is the optimal
locoregional staging method before PST, with a high positive predictive
value (PPV) of 98% [18] for detecting axillary metastases and the ability
to assess the number of FDG-avid axillary lymph nodes [17,33,34].
Although FDG-PET/CT is not currently included in the diagnostic
workup for cN -+ breast cancer patients in most countries, it outperforms
US (with a PPV of 70%) and MRI (with a PPV of 76%-78%) [35].
Moreover, since FDG-PET/CT is also an accurate method to assess
distant disease, traditional imaging modalities such as computed to-
mography, chest X-ray, bone scan and liver ultrasound, can be omitted;
and it might therefore be more cost-effective [36,37].
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4. Axillary staging after PST - accuracy
4.1. Non-invasive methods: US — MRI — FDG-PET/CT

The accuracy of non-invasive methods for axillary staging after PST
has been investigated extensively. Due to low identification rates and
high false negative rates (FNR) of US (range 25%-65%), MRI (range
14%-62%) and FDG-PET/CT (range 37%-78%); current non-invasive
methods are not considered adequate to assess axillary pCR after PST
in cN + disease [38,39]. Also, axillary pCR is underestimated in a large
proportion of patients since positive predictive values (defined as the
percentage of patients with suspicious nodes on imaging who had axil-
lary residual disease) of only 77% for US and 78% for MRI and
FDG-PET/CT [38] are reported.

4.2. Sentinel Lymph Node Biopsy

Multiple studies have evaluated the use of SLNB for axillary staging
after PST. While post-PST SLNB can safely be applied in ¢NO patients,
SLNB is associated with a relatively low identification rate (IR) (79%—
93%) and high FNR (8.4% - 24.3%) in cN + patients [40-44] (Table 2).
Nonetheless, for patients with cN1-2 disease, the FNR for the sentinel
node procedure following PST can be reduced to less than 10% if axillary
ultrasound after PST shows no suspicious nodes, dual tracers are used,
and three or more sentinel nodes are examined [40,41]. However, less
than 40% of patients in the SENTINA trial on post-PST SNLB appear to
have 3 or more SLNBs [40]. Equating safety of post-SLNB with the
number of removed nodes may lead to biased node picking of
“almost”-sentinel nodes, a strategy which confers a higher risk of
morbidity without being a reliable staging tool. The median number of
sentinel nodes after PST in cN + patients varied between two and four
(Table 2). Although no correlation has been demonstrated between the
number of removed lymph nodes and clinically observed lymphedema,
patients may experience more symptoms [45-47].

4.3. TAD

Axillary staging using TAD involves removal of a pre-PST marked
node in combination with SLNB [24,25,48,49]. This technique is asso-
ciated with high IRs and lower FNRs than either SLNB alone or MARI
procedure alone [25,27,48]. TAD was first described by Caudle et al.
[26] with a reported FNR of 2% [25]. The RISAS procedure achieved a
FNR of 3.5% with an IR of 98% [27]. Other studies reported slightly
higher FNRs between 4.1% and 10.8% [48-51] (Table 2). Only the
RISAS trial reported on the number of removed lymph nodes (median of
2 (range 1-8)).

4.4. MARI

The MARI procedure, in which a pathologically proven axillary
lymph node is marked with an iodine marker prior to PST and selectively
removed after PST, can reliably predict the axillary response with an IR
of 97% and FNR of 7% [23]. In a larger retrospective cohort involving
272 patients, the median number of removed lymph nodes was one (IQR
1-2) [52].

5. Axillary staging after PST — oncologic outcome
5.1. Sentinel Lymph Node Biopsy

Kahler-Ribeiro-Fontana et al. recently reported on 10-year follow up
of the use of SLNB in c¢NO-2 patients who became clinically node-
negative (US/FDG-PET/CT) after PST. Of these, 222 patients with pre-
PST axillary lymph node involvement were included. There was no
requirement for a minimum number of sentinel nodes to be assessed, and
in 74% of patients, two or fewer nodes were removed. ALND was only
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Table 2
Overview of accuracy and oncologic outcome of axillary staging techniques.
Study/Trial Design Population No. of patients” No. of LN IR FNR Follow- Axillary
removed up recurrence
Sentinel Lymph Node Biopsy
ACOSOG 71071 Prospective cT1-4 cN1-2 cN1: 663 Median 2 (IQR 93% 12,6% - -
Boughey et al. [41] cN2: 38 1-4)
SENTINA Prospective cN1-2 converted to ycNO (Arm C) 592 Median 2 80% 14,2% - -
Kuehn et al. [40]
Zetterlund et al. [42] Prospective cT1-4d cN1 (biopsy proven) 195 Median 2 (range 79%  12.6% - -
2-5)
SN FNAC Prospective cT0-3 cN1-2 (biopsy proven) 153 - 88%  8.4% - -
Morency et al. [43]
GANEA-2 Prospective cT1-3 cN1-2 (biopsy proven) 307 Median 2 (range 80% 11.9% - -
Classe et al. [44] 1-8)
Kahler-Ribeiro-Fontana Retrospective  ¢T1-3 cN1-2 converted to ycNO 123 Median 2 (range - - 10 years 1.6%
et al. [53] 1-6)
Martelli et al. [54] Prospective cT2 cN1 91 (81 ypNO/10 Median 2 (range - - 7 years 0%
ypN1) 1-8)
Wong et al. [55] Retrospective ~ ¢T1-3 cN1-2 converted to ycNO 102 (67 ypNO/35 Median 4 (IQR - - 3 years 2.9% (ypN1)
ypN1) 3-6)
Barrio et al. [56] Retrospective cT1-3 cN1 (biopsy proven) 234 Median 4 (IQR - - 3 years 0.4%
converted to ycNO 3-5)
Piltin et al. [57] Retrospective ~ ¢T1-4 cN1-3 159 (139 ypN0/20 Median 3 (range - - 3 years 0,6%
ypN1) 1-12)
Targeted Axillary Dissection
TAD Prospective cT1-4 cN+ 85 - - 2,0% - -
Caudle et al. [25]
RISAS Prospective cT1-4 cN1-3 212 (n = 227) Median 2 (range 98%  3.5% - -
Simons et al. [24] 1-8)
TATTOO Prospective cT1-4 cN1-3 149 - 99% 4.9%
Boniface et al. [48]
SenTa Prospective cT1-4 cN+ 91 - 85% 4.3% - -
Kuemmel et al. [49]
ILINA trial Prospective cT1-3 cN+ 35 Median 3 96%  4.1%
Siso et al. [51]
TAXIS Prospective cT1-4 cN+ (by palpation or 125 Median 4 - 0% - -
Weber et al. [58] imaging)
Wu et al. [50]Wu et al. [50] Prospective cT1-3 cN1-3 92 Median 3 97%  10.8%
Wu et al.
Marking the Axillary node with an Radioactive Iodine seed
MARI Prospective cT1-4 cN1-3 100 - 97%  7.0%
Donker et al. [23]
MARI Prospective cT1-4 cN1-3 272 Median 1 (IQR - - 3 years 1.8%

Loevezijn et al. [52]

1-2)

Abbreviations: SLNB, Sentinel Lymph Node Biopsy; TAD; Targeted Axillary Dissection, MARI; Marking the Axillary node with an Radioactive Iodine seed; IR, iden-

tification rate.
FNR, False Negative Rate.
@ : Number of patients that underwent SLNB/TAD/MARIL

performed in case of positive SLNB (n = 99). In 123 patients with
negative SLNB and no further axillary surgery, the 10-year axillary
recurrence rate was 1.6% (n = 2) [53,59]. Comparable axillary recur-
rence rates have been reported by studies including (mainly) cN1 pa-
tients [54,57] or cN1-2 patients who became ycNO after PST. In these
studies, follow-up was shorter (three to seven years) and more axillary
lymph nodes were removed [55,56] (Table 2). Although the reported
low axillary recurrence rates after PST and SLNB at long term follow up
are promising, this approach seems only applicable to a select group of
cN + breast cancer patients as mainly cN1 breast cancer patients were
included. It is important to note that high pCR rates can also be achieved
in cN2-3 patients, depending on subtype of breast cancer [60]. Omitting
ALND in these patients could greatly reduce co-morbidity, since radio-
therapy is indicated regardless of response in these patients [61].

5.2. TAD

As long-term follow up for TAD is lacking, it cannot be determined
whether lower FNR also results in better oncological outcome. A recent
retrospective study conducted by Montagna et al. included 785 patients
with ¢T1-4cN1-3 tumors from 19 centers in the Oncoplastic Breast
Consortium (OPBC) and EUBREAST networks. The study aimed to
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compare axillary staging with SLNB (using a dual tracer) with TAD, in
patients who underwent PST and were ypNO. The median number of
removed lymph nodes was lower in the TAD group 3 (IQR 3-5) vs 4 (IQR
3-5)) in the SLNB group. The two-year cumulative incidence of axillary
recurrence was similar between patients treated with SLNB or TAD, at
0% versus 0.9% respectively (p-value 0.19). Longer follow-up is neces-
sary to verify these findings, but the advantage of TAD in this selection
of patients appears to be a minor reduction in the number of lymph
nodes removed [62].

5.3. MARI

The MARI protocol was developed to tailor axillary treatment by
combining the outcome of the MARI procedure after PST [23] with a
pre-PST FDG-PET/CT to determine the presence of less or more than four
(cALN <4 or cALN >4) tumor-positive axillary lymph nodes prior to PST
[63] (Fig. 1). In anticipation of the results of the ALLIANCE A011202
trial (ClinicalTrials.gov Identifier: NCT01901094) and NSABP
B-51/RTOG1304 trial [64], this axillary treatment algorithm has
already been implemented at the Netherlands Cancer Institute and has
led to a substantial decrease in ALNDs (82%) for ¢cN + patients,
including patients with cN3 disease [52]. In patients with cALN <4 and
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All patients
N=272

FDG-PETI/CT before
neoadjuvant therapy

cALN<4
N=174

cALN24
N=98

~

Pathological response pCR Residual tumor pCR Residual tumor
MARI node N =56 N=118 N=43 N=55
\ J
Y s r B
Adjuvant axillary No treatment ART ART ALND + ART
treatment N =56 (21%) N =118 (43%) N =43 (16%) N = 55 (20%)
J . . J

Fig. 1. Tailored adjuvant axillary treatment strategy according to the MARI protocol
Abbreviations: FNAC, fine needle aspiration cytology; FDG-PET/CT, fluorodeoxyglucose-positron emission tomography/computed tomography; MARI, Marking the
Axillary node with an Radioactive Iodine seed; cALN, clinical axllary lymph node; pCR, pathologic complete response; ART, axillary radiotherapy; ALND, axillary

lymph node dissection.

PCR of the MARI-node (ypMARI-neg), no further axillary treatment was
given. In patients with cALN <4, ypMARI-pos and cALN >4,
ypMARI-neg after PST, irradiation of axillary levels I to IV was per-
formed. ALND was only performed in patients re-staged with cALN >4
and ypMARI-pos, followed by locoregional radiation treatment [63]
(Fig. 1). Last year, results of the MARI protocol in a group of 272 patients
(174 patients with cALN <4 and 78 patients with cALN >4) was pub-
lished by Loevezijn et al., Twenty-one percent of patients (n = 56) did
not receive any further axillary treatment, 59% (n = 161) received ART,
and 20% (n = 55) received ALND plus adjuvant ART [52] (Fig. 1). In
80% of cN + patients ALND was omitted without compromising onco-
logic outcome as an axillary recurrence rate of only 1.8% (n = 5) after a
median of three years (IQR 1.9-4.1) follow up was reported.

One of the disadvantages of the MARI procedure is the use of iodine
seeds which is subject to regulations regarding radioactive material.
Advantages of the MARI protocol might outweigh this disadvantage. In
contrast to TAD, only one procedure is required prior to PST and no
imaging is necessary after PST. Moreover, the number of lymph nodes
removed during the procedure is low, with a median of one (IQR 1-2).

Five-year (median 64 months, IQR 54-77) follow up results of the
same cohort confirm oncologic safety with an overall axillary recurrence
rate of 2.9% (n = 8) and five-year axillary recurrence free interval (aRFI)
of 97% with no significant variation observed between the treatment
groups (p = value 0.337) (unpublished results). In total, 44 (16%) pa-
tients developed one or more recurrences. Distant metastases occurred
in 31 (11%) patients, regional (including axillary) metastases were
found in 15 (6%) and local recurrences in 10 patients (4%). Location of
all breast cancer recurrences per treatment group is shown in Table 3.
Fig. 2 shows the five-year recurrence free interval (RFI). In patients with
cALN <4, ypMARI-neg who received no further treatment the RFI was
94%, in patients with cALN <4, ypMARI-pos 83%, in cALN >4, ypMARI-
neg 91% and cALN >4, ypMARI-pos 79% (p-value 0.112). Patients with
PCR of the MARI-node achieve the highest RFI, indicating its predictive
value. In total, 30 (11%) patients died of which 26 (10%) due to breast
cancer recurrence, resulting in an overall survival at five year of 91%.

92

Table 3
Locations of breast cancer recurrence by response adjusted treatment group.

cALN<4 (n =174) cALN>4 (n = 98)

MARI pCR (n = MARI MARI pCR MARI
56) tumor+ (n=43) tumor+
n= (n=55)
118)
No treatment ART ART ALND + Total
ART
Total patients with event per treatment group* rowhead
Axillary + Local 0 1 0 o0 1
Axillary + 1 1 0o 0 2
Regional
Axillary + 0 4 0 1 5
Distant
Local 3 2 0o 2 7
Local + 0 0 0o 1 1
Regional
Local + Distant 0 0 1 0 1
Regional 0 0 0 1 1
Regional + 0 2 1 2 5
Distant
Distant 0 13 2 5 20
Unknown 1 0 0o 0 1
Total 5 23 4 12 44

Abbreviations: cALN, clinical axllary lymph node; MARI, Marking the Axillary
node with an Radioactive Iodine seed; pCR, pathologic complete response; ART,
axillary radiotherapy; ALND, axillary lymph node dissection.

6. Conclusion

Although ALND reduces the rate of locoregional recurrence in pa-
tients with node-positive disease, it has never been demonstrated to
have a positive impact on survival in breast cancer patients. Therefore,
the estimated locoregional recurrence risk should be weighed against
the significant co-morbidity associated with ALND and/or ART. Above
all, axillary management should be adapted to the response to PST.
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Fig. 2. Recurrence-free interval by treatment group

Abbreviations: cALN, clinical axllary lymph node; MARI, Marking the Axillary node with an Radioactive Iodine seed; pCR, pathologic complete response; ART,

axillary radiotherapy; ALND, axillary lymph node dissection.

Complications related to SLNB, TAD or MARI, when reported, rarely
occur and cost-effectiveness of the procedures is not yet sufficiently
investigated. Therefore, we can only compare methods based on accu-
racy, applicability, and oncological outcome. PST. The currently avail-
able data suggests that a FNR of around 10% is sufficient to safely tailor
axillary treatment after PST in cN + patients with an excellent response.

Although TAD results in low FNR, there are no data on long-term
oncological outcome. Long-term results from both SLNB and MARI
show that ALND can be safely omitted in cN -+ patients after PST. SLNB is
the most widely used method, however, the current results may not be
applicable to patients with extensive (i.e. N2 or N3) nodal disease. While
the implementation of protocols regarding radioactive material requires
some effort, the MARI-procedure provides an adequate staging method
in all cN + patients (cN1-3) patients post-PST. By using the MARI-
protocol, ALND was reduced by 80% in large prospective cohort
without compromising oncological outcomes [23,52].
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