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Sentinel lymph node dissection (SLND) is a reliable method that provides axillary staging in clinical node-negative
(cNO) breast cancer patients before neoadjuvant chemotherapy (NACT). However, it is not a standard method on its own
due to the high false-negative rates (FNR) reported in initially clinical node-positive patients (cN1-cN3). The contribu-
tion of magnetic resonance imaging (MRI) to SLND after chemotherapy is not well understood. In our study, we aimed to
investigate the contribution of post-NACT MRI to SLND in breast cancer patients receiving NACT. Between January 2014
and December 2020, patients who had MRI images including the axilla after NACT and had axillary lymph nodes evalu-
ation performed simultaneously with SLND were included in the study. MRI images of all patients were re-evaluated by 2
experienced clinicians. MRI and SLND results were analyzed to detect axillary lymph node metastasis. 117 patients were
included in the study. The median age of the patients was 49 years. Before chemotherapy, 108 patients (92.3%) had tumor
metastases in their axilla pathologically confirmed by tru-cut biopsy. Axillary downstage was obtained in 48.1% (n=52) of
the patients after NACT. Of the 56 patients with axillary node positivity, 3 patients had no metastasis in the SLND evalu-
ation (FNR=5.4%). The sensitivity of post-NACT MRI in detecting node positivity was 69.6%, the specificity was 90.2%,
the positive predictive value (PPV) was 86.7% and the negative predictive value (NPV) was 76.4. SLND together with MRI
predicted all node-positive patients (FNR=0%). In summary, SLND may not detect a group of patients with residual axillary
lymph node metastases after NACT. We have shown that MRI can contribute to identifying these patients. If no metastases

are detected by both methods (SLND and MRI), avoidance of axillary dissection may be an acceptable choice.
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In patients with early-stage or locally advanced breast
cancer, neoadjuvant chemotherapy (NACT) is a preferred
treatment strategy for a potential reduction of the axillary
stage, ahigher chance of breast-conserving surgery, and assess-
ment of an early in vivo response to systemic treatment [1].

Axillary lymph node dissection (ALND) is a surgical
procedure used in breast cancer surgery to achieve regional
control, prolong survival, and perform lymph node classifi-
cation. However, this procedure is associated with short-term
and long-term surgical complications; such as lymphedema,
wound problems, nerve damage, and shoulder dysfunc-
tion in a significant number of patients [2, 3]. In addition,
decreased quality of life is observed in patients who under-
went ALND [4].

Until recently, ALND was used as a standard proce-
dure during breast surgery in all patients receiving

NACT. However, after European SENTinel NeoAdjuvant
(SENTINA) and American College of Surgeons Oncology
Group (ACOSOG) Z1071 studies, the SLND procedure
after NACT has become widely used, and axillary dissection
requirement was abandoned for some patients [5, 6]. Yet, it
is controversial to use only SLNB without ALND to evaluate
axillary metastasis after NACT. In previous studies, a false-
negative rate (FNR) of 8-25% was observed when SLND is
used to detect axillary metastasis after NACT [7-9]. There-
fore, in addition to SLND, various methods such as nodal
marking or radiological imaging are used to avoid axillary
dissection [10-13].

Breast magnetic resonance imaging (MRI) is an imaging
modality that is widely used to detect occult breast cancer
and evaluate NACT response, as well as the evaluation of
high-risk patients [14-16]. Studies have shown that post-
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NACT MRI is the most sensitive imaging method to evaluate
the response in breast tissue [17]. On the other hand, reports
are showing that MRI is useful, to various degrees, for the
evaluation of axillary lymph nodes [18-20]. However, the
contribution of post-NACT MRI in patients undergoing
SLNB is not well understood and only a few studies are avail-
able, evaluating SLND, MRI, and ALND together.

In this study, we aim to investigate the importance of
post-NACT MRI in the evaluation of axillary lymph nodes
in breast cancer patients treated with neoadjuvant chemo-
therapy and to investigate its contribution to SLNB.

Patients and methods

Patients. In this study, the data of patients, aged 18 years
and over, who applied to Tekirdag Namik Kemal Univer-
sity between 01 January 2014 and 30 December 2020, were
analyzed. The study included patients who had MRI images
of the axilla after NACT and had at least 3 negative sentinel
lymph nodes removed or one positive lymph node found by
concurrent ALND. Male breast cancer patients were excluded
from the study. All patients had confirmed axillary biopsies
before NACT (Figure 1).

This research conforms with the provisions of the 1995
Declaration of Helsinki. All patients provided informed
consent and the Local Ethical Committee of Tekirdag Namik
Kemal University gave formal approval to this retrospective
study (approval no. 2021.128.05.01 on 27" May 2021).

Sentinel lymph node procedure and pathological evalu-
ations. SLN surgery is a procedure used by surgeons to find
a metastatic tumor in the lymphatic drainage pathway from
the primary tumor in the breast to the axillary lymph node
region. The Blue dye method was used to determine sentinel
lymph nodes. During the operation, the lymph channels in
which the blue dye was observed were trailed and the sentinel
lymph nodes were evaluated by the surgeon and dissected
as sentinel nodes. The TNM Classification of Malignant
Tumors 8" edition was used for pathological staging. Patho-
logical micrometastases (larger than 0.2 mm, but none larger
than 2.0 mm) were evaluated as pN1mi and defined as patho-
logical lymph node metastasis (node-positive).

Radiological evaluation. MRI images of all patients were
re-evaluated by 2 experienced clinicians, a radiologist, and a
breast surgeon, with pathology data censored. An increase in
cortical thickness in the lymph node, the loss of fatty hilum,

round shape, and a ratio of the long axis of the lymph node
to the short axis being less than 2, were considered signifi-
cant for axillary lymph node metastasis [21-22]. The cases
were evaluated in two groups; “positive” cases with lymph
node metastasis of breast cancer defined radiologically and
“negative” cases without radiological metastasis.

A 1.5-T whole-body MRI scanner (BRIVO MR 355,
GE™ Healthcare™, USA) was used for whole breast and
axillary imaging. In contrast-enhanced MRI scans, after 6
saline infusions, gadoteric acid was administered at a dose
of 0.1 mmol/kg and a rate of 2 ml/sec. The first image was
obtained 25 seconds after the contrast injection.

Study endpoint. In the study, we aimed to determine the
FNR in patients who underwent intraoperative SLNB after
NACT and to investigate the contributions of post-NACT
MRI in these patients.

Statistical analysis. The FNR for SLND was calculated by
dividing the number of patients with negative sentinel lymph
nodes by the number of those with residual disease in the
axillary lymph nodes. Basic statistical analyzes were used
for the accuracy of MRI as a diagnostic test. SPSS Statistic
software 24 (SPSS Inc., Chicago, III) was used for basic statis-
tical analysis (Table 1).

Results

In our study, 117 female breast cancer patients who had
completed neoadjuvant chemotherapy (NACT) and subse-
quently had been operated on were evaluated. The median
age of the patients was 49 (min: 24 max: 74). The most
common histological type was invasive ductal carcinoma
(n=93, 79.5%) and 58 of all patients (49.6%) had hormone
receptor (HR) positive/Her-2 negative breast cancer. Before
chemotherapy, 108 patients (92.3%) had tumor metastases
in the axilla that were pathologically confirmed by tru-cut
biopsy, 80 patients (68.4%) had a single focal tumor, 28

Table 1. Statistical methods used for determining the statistical accuracy
of MRI.

Node positive Node negative

MRI positive

MRI negative False-negative (FN) True-negative (TN)
Notes: sensitivity: TP/(TP+FN); specificity: TN/(TN+FP); positive predic-
tive value (PPV): TP/(TP+FP); negative predictive value (NPV): TN/
(TN+EN)

True-positive (TP) False-positive (FP)

. . . Preoperative
Axillar Staging with >
Core B?opgsy

Chemoterapy (NAC)

(Neoadjuvant) — >

Magnetic Resonance
Imaging %MRI) for
Axilla

Sentinel Lymph
Node Sissection

(SLND)

-

Figure 1. Chronological order of the procedures performed on patients included in the study.
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Table 2. Patient’s characteristics.

Characteristic n=117 %
Age 59 50.4

<50 58 49.6

=50
Molecular subtype

HR Positive, Her-2 Negative 58 49.6

HR Positive, Her-2 Positive 30 25.6

HR Negative, Her-2 Positive 9 7.7

Triple Negative 20 17.1
Histologic type

Ductal 93 79.5

Others 24 20.5
ER

Negative 29 24.8

Positive 88 75.2
PgR

Negative 41 35

Positive 76 65
Her-2

Negative 78 66.7

Positive 39 333
Ki-67

<18 30 25.6

=18 87 74.4
Grade

Grade 1 5 4.3

Grade 2 82 70.1

Grade 3 30 25.6
Clinical T stage

T1 31 26.5

T2 78 66.7

T3-T4 8 6.8
Location

Left 64 54.7

Right 53 45.3
Number of tumor foci

Unifocal 80 68.4

Multifocal 28 23.9

Multicentric 9 7.7
Metastasis in axillary biopsy before NACT

Negative 9 7.7

Positive 108 92.3

Abbreviations: MRI-magnetic resonance imaging; SLND-sentinel lymph
node dissection; NACT-neoadjuvant chemotherapy

patients had a multifocal tumor (23.3%), and 9 patients
(7.7%) had a multicentric tumor (Table 2).

According to the pathological evaluation of patients who
underwent lymph node dissection after NACT, 56 patients
(47.9%) had residual lymph node metastases (ypN1-3) and
61 patients (52.1%) did not have lymph node metastases
(ypNO) (Figure 2). Axillary metastases were cleared in 48.1%
(n=52) of 108 patients who were initially node-positive and
axillary downstage was obtained.

Sentinel lymph node dissection
(SLND) (n=117)

SLND Negative .~ SLND Positive
(n=64) | (n=53)
|
¢ }

No residual nodal
dissease (n=61) with
axillary dissection

Residual nodal Residual nodal

dissease (n=3) with I . =
axillary dissection i dissease (n=53)

False Negative rate for SLND; 3/(53+3)=5.4%

Figure 2. Evaluation of sentinel lymph node dissection and axillary
lymph node dissection after neoadjuvant chemotherapy.

Of the 56 patients with residual lymph node metastasis
(ypN1-3) after NACT; it was evaluated as metastasis by MRI
in 39 (69.6%) patients (true-positive) and no metastasis was
observed in MRI (false-negative) in 17 patients (30.4%). Of 61
patients without lymph node metastasis (ypNO0); 55 (90.2%)
patients were evaluated as having no tumor (true-negative)
on MRI and the metastatic-like image was obtained on MRI
in 6 (9.8%) patients (false-positive). When the pathological
evaluation was referred to as the gold standard diagnostic
test, the sensitivity of MRI in detecting node positivity was
69.6%, the specificity was 90.2%, the positive predictive value
(PPV) was 86.7%, and the negative predictive value (NPV)
was 76.4 (Figure 3).

There were 64 patients without tumor metastasis by
SLND, 61 patients without lymph node metastasis in ALND,
and metastasis with ALND was reported in 3 patients. The
FNR for SLND was calculated as 5.4% (Figure 2). When
SLND and MRI were evaluated together after chemotherapy,
the FNR rate was found to be 0% (Figure 3).

Discussion

In this study, the sensitivity of post-NACT MRI in
detecting residual node metastasis was 69.6%, the specificity
was 90.2%, the PPV was 86.7% and the NPV was 76.4%. There
were 56 patients with axillary metastases, but no lymph node
metastases were detected in 3 patients with SLND (FNR:
5.4%) and in 17 patients with MRI (FNR: 30.3%). When
MRI and SLND were applied together as a diagnostic test,
it correctly detected all patients without axillary metastases
(FNR: 0%). In conclusion, with this study, SLND alone may
be insufficient to detect patients with residual axillary metas-
tases after NACT, and we have shown that post-NACT MRI
will contribute to detecting these patients.

In clinical node-negative breast cancer (cNO) patients
at diagnosis, avoiding axillary dissection after NACT is a
reliable and preferred method of SLND. FNR with SLND
in cNO patients is approximately 6% (95% CI: 3-8%) [23].
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SLND positive
(n=36)

SLND negative
(n=9)

SLND positive
(n=17)

MRI positive
(n=45)
Magnetic resonance
imaging (MRI) (n=117)
MRI negative
(n=72)

SLND negative
(n=55)

Residual Nodal Disease (n=36)

No residual nodal disease with ALND (n=6)

Residual Nodal Disease with ALND (n=3)

Residual Nodal Disease (n=17)

No residual nodal disease with ALND (n=55)

Residual Nodal Disease with ALND (n=0)

For MRI; sensitivity=69.6%, spesificity=90.2%, PPV=86.7%, NPV=76.4%
False negative rate for MRI; 17/(36+3+17) = 30.3%
False negative rate for MRI with SLND; 0/(36+3+17 = 0%

(PPV:positive predictive value , NPV:negative predictive value, SLND:Sentinel lymph node dissection)

Figure 3. Diagnostic analyzes of magnetic resonance imaging and sentinel lymph node dissection to identify axillary metastases.

Avoiding axillary dissection in these patients is shown to
be safe in the long term. In the study by Nogi et al., after a
51-months follow-up of 183 patients with cNO at baseline,
none of the patients developed axillary lymph node recur-
rence after NACT [24]. Similar results were seen in the
GANEA 2 study, and it is safe to avoid axillary dissection
after SLND in patients who are clinically node-negative at
the time of diagnosis [25].

SLND is controversial in evaluating axillary response
after NACT in initially node-positive patients. A high FNR
with SLND has been reported as a result of fibrosis devel-
oping in lymphatic channels after NACT as well as hetero-
geneous chemotherapy responses of lymph nodes. Among
prospective randomized studies, FNR was found to be
12.6% in ACOSOG Z1071, 14.2% in SENTINA, and 11.9%
in GANEA [2, 5, 6, 25]. 2019 St. Gallen conference panel
concluded that SLN surgery may be appropriate in patients
with clinically positive axilla before treatment and negative
after NACT. However, in such cases, the panel stipulated
that three or more SLNs must be identified and all negative
or a pre-NACT labeled axillary lymph nodes proved to be
negative. However, patients presenting with ¢cN2 disease are
excluded from SLN and must undergo complete axillary
dissection and receive regional nodal irradiation regardless
of response to NACT [7]. In our study, among the patients
with negative SLN biopsy, tumor metastasis was detected by
ALND in 3 patients and the FNR was calculated as 5.4%. We
think that the section differences in pathological procedures
of SLN and the diagnosis of an experienced pathologist in
breast tumors contributed to the fact that our FNR rate was
lower than the literature [26, 27].

The contribution of MRI after chemotherapy in the evalu-
ation of axillary lymph nodes after NACT is not known
enough. In the study by Javid et al., MRI sensitivity was 92%
and specificity 89% in the detection of pathological axillary
lymph node disease after NACT [28]. In another study by Ha

et al., this rate was reported as 57.33% and 72.09%, respec-
tively [18]. In our study, the sensitivity of MRI in detecting
node positivity was 69.60%, the specificity was 90.20%,
PPV 86.70%, and NPV 76.40%. While FNR was 5.40% with
SLND, there were no patients with FNR (0%) when evalu-
ated together with MRI after NACT. These results showed
that MRI alone is a low-sensitivity diagnostic test, but when
added to SLND, it contributes to identifying patients who
will have FNR. The most important limitation of our study
was its retrospective design. What made our study strong
was that all radiological, pathological, and surgical proce-
dures were carried out in a single-center where more than
100 breast surgeries were performed annually.

In conclusion, a group of patients without tumor metas-
tasis as a result of SLND after NACT may have metastasis in
the axillary lymph node, and post-NACT MRI contributes
to SLND in detecting axillary metastases in these patients.
If no metastases are detected by both methods (SLND and
MRI), avoidance of axillary dissection may be an acceptable
choice. In future studies, it is necessary to investigate the
contribution of MRI to the sentinel lymph node, together
with methods such as FNR-reducing clip placement, wireless
non-radioactive localizers, or tattooing [11-13].
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