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Ultrasonographic accuracy in
evaluating response of clipped
lymph nodes in targeted axillary
dissection in breast cancer

Ozge Aslan®*™, Aysenur Oktay?, Berk Goktepe? & Gurdeniz Serin?

This study aimed to evaluate the diagnostic accuracy of ultrasonography in assessing the response of
clipped axillary lymph nodes to neoadjuvant chemotherapy. Between February 2022 and September
2023, 43 patients who underwent axillary lymph node marking for targeted axillary dissection were
retrospectively analyzed. Ultrasonography parameters such as the number, size, shape, cortical
thickness, hilum status, and treatment response of the clipped lymph node were assessed. Post-
surgery pathology results served as the gold standard. Ultrasonography revealed 70% complete and
30% partial response, while pathology results showed 51% complete response, 9% micro-metastases,
and 40% macro-metastases. The diagnostic accuracy of ultrasonography was 81.4%, with 61.9%
sensitivity and 100% specificity. A significant correlation was found between clipped node response

in ultrasound and pathology. Additionally, a notable association was observed between clipped node
response on ultrasonography, molecular subtype of the breast mass, and the mass’s response to NAC.
Assessing the treatment response of clipped lymph nodes with preoperative ultrasound, followed

by surgical excision using needle wire localization, can be a viable alternative to axillary dissection,
offering low false-negative rates.
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Abbreviations

NAC Neoadjuvant chemotherapy
SLNB Sentinel lymph node biopsy
non-SLN  Non-sentinel lymph node
ALND Axillary lymph node dissection
TAD Targeted axillary dissection
FNR False negative rates

Us Ultrasound

MG Mammography

TNBC Triple negative breast cancer

Neoadjuvant chemotherapy (NAC) is used in the treatment of operable and inoperable breast cancer patients!.
NAC administered to patients with locally advanced breast cancer plays an important role in reducing tumor
stage, decreasing tumor size, and treating axillary lymph node metastases>®. Axillary lymph node metastasis
has an important role in clinical staging and prognosis*. The complete response rates in patients have increased
with new chemotherapy drugs. Studies have demonstrated that placing a marker within the breast mass for
tumor localization in patients undergoing NAC and planned breast-conserving surgery is both useful and
safe>S. Depending on the response to NAC, either breast-conserving treatment or modified radical mastectomy
is planned. Sentinel lymph node biopsy (SLNB) or axillary lymph node dissection (ALND) is performed based
on the response of the axillary lymph nodes, followed by adjuvant chemotherapy, radiotherapy, and hormone
therapy combinations tailored to the patient’s histopathology and receptor status®. The primary goals of axillary
lymph node dissection in breast cancer include locally controlling the disease, accurately staging the disease
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for appropriate systemic and radiotherapeutic treatment, and improving overall survival’. A 40-50% axillary
complete response rate is reported with NAC*”.

In breast cancer patients scheduled for neoadjuvant chemotherapy;, it is common practice to place a metallic
marker (clip) within the mass and metastatic axillary lymph node under US guidance before treatment. This clip
aids the radiologist, surgeon, and pathologist in the post-treatment period, ensuring appropriate marking and
removal of the tumor bed, adjacent breast tissue, and metastatic axillary lymph node for evaluation. Disposable
automatic marking needles under US guidance are utilized in this clip marking procedure.

In recent years, extensive and radical axillary surgery has been replaced by minimal axillary surgery using
SLNB®. The adequacy of sentinel lymph node biopsy instead of axillary dissection in appropriate patients was also
investigated in the ACOSOG Z0011 and AMAROS clinical trails”8. ALND is a significant cause of morbidity in
breast cancer patients’. With the rise in pathological complete response [pCR] rates in the axillary lymph nodes
due to targeted therapy, the necessity of ALND in such cases is being questioned’. Therefore, placing a clip on the
axillary lymph node at the time of initial diagnosis, particularly in patients with 1-2 metastatic lymph nodes in
the axilla, is crucial for locating this lymph node in the post-treatment period and facilitating minimal axillary
surgery. The response of axillary lymph node metastasis, as well as the response of the breast mass, affects the
surgical treatment to be applied!’. The false negative rate of SLNB in showing residual disease after NAC was
reported to be 10-14%, and this rate can be reduced by the addition of targeted axillary dissection in appropriate
patients®!!. Targeted axillary dissection (TAD) involves marking the malignantly diagnosed axillary lymph node
before NAC and removing it during surgery, showing promising identification rates and false negative rates
(FNR)*!1-13, Recent studies indicate that TAD can reduce false negative rates and and improve axillary nodal
staging in node-positive patients following NAC”!,

In cases of axillary complete response, performing TAD and removing the clipped lymph node eliminates
the need for extensive axillary dissection, reducing patient morbidity and improving quality of life!>!>. The most
appropriate imaging method for evaluating the axillary region is ultrasound (US)°. The presence of the lymph
node clipped before treatment can be easily assessed with US, and comments can be made regarding its response
to treatment*®. By examining characteristics such as shape, cortex thickness, short axis-long axis ratio, presence
of hilus loss, and cortex echogenicity of the lymph node, information can be provided about treatment response
based on whether the lymph node exhibits pathological morphology*®.

In this study, our aim was to assess the diagnostic accuracy of ultrasonography in determining the response
of axillary metastatic lymph nodes, previously marked with a clip before surgery, to neoadjuvant chemotherapy.

Materials and methods

This retrospective study was approved by the Ege University Faculty of Medicine Medical Research Ethics
Committee, waiving the requirement for patient informed consent. The ethics committee approval decision
number is 23-11T/6. It was conducted in accordance with the Declaration of Helsinki and relevant guidelines
and regulations. Between February 2022 and September 2023, axillary lymph node positive breast cancer patients
who had undergone targeted axillary dissection with clipped node were retrospectively evaluated.

A total of 43 patients who underwent TAD, with available radiological imaging and pathology results, were
included in the study. Five patients with incomplete radiological imaging and without surgical pathology results
were excluded from the study (Fig. 1).

The radiological images were retrospectively reexamined using a picture archiving and communication
system (Sectra IDS7 Workstation, Sectra AB, Sweden). US images were obtained with 18L6HD probe (Siemens
Healthineers, Acuson $2000). Mammography (MG) images were performed with routine craniocaudal (CC) and
mediolateral-oblique (MLO) positions (Digital Mammography System 2D/3D, Selenia Dimensions, Hologic).
MRI scans were performed using 1.5-Tesla (Siemens Healthineers, Magnetom Amira & Symphony, Erlangen,
Germany) and 3-Tesla (Siemens Healthineers, Magnetom Verio, Erlangen, Germany) MRI units.

From the radiological imaging (US, MG, MRI) conducted before systemic treatment, the distribution and
diameter of the breast mass, axillary lymph node status, as well as the tumor histological type and molecular
subtype were evaluated based on the biopsy pathology results. In multifocal and multicentric tumors, the
diameter of the largest lesion was measured and recorded. Before and after NAC, US was used to assess the
number of metastatic axillary lymph nodes, the size of the clipped lymph node, as well as its shape, cortical
thickness, long-short axis ratio, cortex echogenicity and hilum status.

Ultrasonography findings were used to determine the response of the axillary lymph node to the NAC. If the
clipped node was not seen on US, it was considered a complete response. If the clipped node had decrease in size
but had a thick cortex (>2 mm), was round in shape, or had hilum loss, it was considered a partial response. If
it had not decrease in size or had enlarged, it was considered a non-response.

Post-surgery pathology results were used to record responses to treatment in the breast mass, the size of any
remaining tumor if present, the size of metastatic foci in the axilla, and the number of metastatic lymph nodes.

Axillary marking method
A clip was placed on the malignant breast mass and the axillary lymph node in the same session under
ultrasound guidance. We used sterile placement needle (18 gauge, 15 cm) with preloaded 99.99% Pure Gold®
marker (1 mm x4 mm) (Geotek® medical, Ankara, Turkiye) for clip marking procedure.
Clipped nodes observed after NAC were evaluated for axillary treatment response using ultrasound (Fig. 2).
After NAC, the responses of the clipped node, which could be seen with US, were evaluated with the
parameters described above, and these clipped lymph nodes were marked with a needle wire under US guidance.
Since the clipped lymph nodes that responded completely after the treatment were not visible on US, they were
marked with a needle wire under CT guidance and excised surgically (Fig. 3). Specimen mammography was
performed on all clipped lymph nodes marked under US and CT guidance, and it was confirmed that the clipped
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Between February 2022 and September 2023, node (+) breast cancer
patients who had undergone targeted axillary dissection with clipped
node were retrospectively re-evaluated.
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Tumor response after NAC

Before and after NAC
Number of metastatic axillary lymph nodes,
The size of the clipped lymph node, its shape, cortical
thickness, long-short axis ratio, hilum status

Statistical analysis with SPSS version 25

Fig. 1. Flowchart of the study.

Fig. 2. Clipped node identified on ultrasound prior to neoadjuvant chemotherapy, exhibited a complete
response after the NAC. Subsequently, it was marked with a needle-wire system under computed tomography
(CT) guidance. (Densities of the wire and marker in the circled area).

lymph node was removed in the perioperative period. Importantly, no instances of clip migration were observed
in any of the clipped lymph nodes.

Statistical analyses
Pathology results were considered the gold standard, and statistical analyses for axillary lymph node response by
ultrasound were conducted using the SPSS version 25 software package.

The normality of the data distribution was assessed using the Kolmogorov-Smirnov test and Shapiro-Wilk
test. Descriptive statistics were presented as mean =+ standard deviation for normally distributed data, and as
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Fig. 3. After the NAC, the removed clip was observed on the specimen radiograph.

median (min-max) for non-normally distributed data. Categorical data were described using frequency and
percentage. Statistical comparisons between groups were performed using the Kruskal-Wallis test and Mann-
Whitney U test. Analysis of categorical data was conducted using the chi-square test, Fisher’s exact test, and
Fisher-Freeman-Halton test. The Spearman rank correlation coefficient was used to examine the relationships
between variables. The significance level for all statistical analyses was set at a=0.05.

Results

The mean age of the 43 patients in this study was 52.42 years, with a range of 20 to 77 years (standard deviation:
12.866). Breast masses were more frequently located on the left side (54%), with the upper outer quadrant being
the most common site (58%). Of the masses, 56% were single focal, while 44% were multifocal and multicentric.
The most prevalent histological type was invasive ductal carcinoma (77%). Regarding molecular subtypes, 56%
were luminal, 33% were HER2-positive, and 11% were triple-negative breast cancer (TNBC) (Table 1). Before
NAC, 23 patients (54%) had 1 or 2 lymph nodes, while 20 patients (46%) had multiple pathological lymph nodes.
The metastatic lymph node cortex thickness ranged from 3 to 17 mm, with a mean of 8 mm. Hilum loss was
observed in 56% of these lymph nodes, and 54% exhibited a round shape (Table 1). The response of the breast
mass to treatment after NAC was complete in 25 patients (58%) and partial in 18 patients. Among the complete
responders, 40% were in the luminal disease group, while 60% were in the HER2-positive and triple-negative
groups. Notably, 18 out of 19 patients in the HER2-positive and TNBC molecular subtypes group achieved a
pathological complete response, with all of these patients also achieving a pathological complete response in the
axilla.

After NAC, the mean axillary lymph node cortex thickness measured on US was 1.8 mm. Pathological
evaluation revealed a mean of 1.7 metastatic lymph nodes, with the mean diameter of the metastatic focus being
6.3 mm.

In the post-NAC US evaluation, 30 patients showed no lymph nodes or clips with pathological morphology
in the axilla. Among them, there was a 70% complete response and 30% partial response in the axilla (Table 2).

Before NAC, 23 patients had 1-2 metastatic lymph nodes, while 20 had 3 or more pathological lymph nodes.
After NAC, TAD, and SLNB+/-non-sentinel lymph node (non-SLN), were performed on all patients, regardless
of axillary treatment response on US. ALND was performed on 14 patients who had pathological axillary
lymph nodes on the preoperative US evaluation, and metastases were detected in TAD and SLNB/non-SLN
during frozen section analysis (Table 3). A specimen radiograph was taken during operation, confirming the
removal of the clips. Patients who underwent ALND were those exhibiting a partial response. In the pathological
evaluation of the clipped lymph nodes, a complete response was observed in 51% of cases, with 40% showing
macrometastasis and 9% showing micrometastasis (Table 2).

Regarding the evaluation of axillary lymph node response with US, the sensitivity was 61.9%, specificity was
100%, positive predictive value (PPV) was 100%, negative predictive value (NPV) was 73.3%, false negative rate
(FNR) was 38.1%, and accuracy was 81.4%.
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n | % | Node response on US (p value) | Node response in pathology (p value)

Solitary 24 | 56

Mass distribution Multifocal 9|21 |0.973 0.721
Multicentric 10 | 23
Invasive ductal carcinoma (IDC) | 33 | 77
Metaplastic breast carcinoma 1] 2

Tumor histological type Invasive lobular carcinoma 1| 210474 0.277
IDC + ductal carcinoma in situ 512
Invasive apocrine carcinoma 3|7
Luminal A 17 | 40
Luminal B 7 |16

Molecular subtype 0.004 0.011
HER 2 positive 14 |33
Triple negative 5|11
1-2 node 23 | 54

0.825 0.639
Multiple 20 | 46
Obliterated hilum 24 | 56

Metastatic axillary node on US (before NAC) 0.562 0.864
Normal hilum 19 | 44
Oval shaped 20 | 46

0.486 0.639
Round shaped 23 | 54

Table 1. Tumor and node characteristics.

n %

Complete response | 30 | 70
Ultrasonographic evaluation

Partial response 13 |30

Complete response | 22 | 51

Histopathology result Micrometastasis 419

Macrometastasis 17 | 40

Table 2. Axillary node response after the neoadjuvant chemotherapy.

Pre-NAC

pathologic nodes US predicition

on US (n) SLNB (n) Non-SLN (n) | ALND (n) (n)

1-2 | >3 + ‘ = ‘ N/A | + ‘ = ‘ N/A | + ‘ = ‘ N/A | Correct | Wrong | Total (n)
TAD
+ |12 12 12 7 |- 4 4 11 9 5 6 12 7 19
- |11 8 1212 0 |9 15 0 |0 |23 23 1 24

Table 3. Details of axillary surgery results. 4: Malignant node, —: Benign node, N/A not applicable.

There were eight patients whose US axillary responses resulted in false-negative results. Five of these patients
had multiple pathological lymph nodes before treatment, and TAD, SLNB/non-SLN, and ALND were performed
on them. Metastasis was observed in three of these patients during ALND, while in the other two, metastasis was
found only in the lymph node removed by TAD.

In the remaining three patients with false-negative US responses, only one lymph node showed pathological
morphology before treatment. In this removed lymph node, fibrotic changes secondary to treatment and a
0.3-0.4 cm metastatic focus were observed, so ALND was not performed (Table 4). Axillary radiotherapy was
planned as complementary treatment for these patients.

In four patients with false-negative results, no pathological lymph nodes or clips were detected on axillary
US, and these were evaluated as a complete response. However, micrometastasis was found in these lymph
nodes in the pathology results, with metastatic focus diameters of 1-2 mm. In another four patients, the cortical
thickness of the lymph nodes observed on ultrasound was less than 2 mm, with no suspicious morphological
findings. In these four patients, macrometastasis was detected, with metastatic focus diameters of 7-8 mm. The
inability to detect micrometastases is a known limitation of US.

In the statistical analysis; no significant relationship was observed among parameters such as patient age,
lesion quadrant, lesion distribution, pathological subtype of the breast mass, pre-treatment pathological lymph
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Before NAC TAD SLNB Non-SLN ALND

Malignant node (n) | Malignant node (n) | Malignant node (n) | Benign node (n) | Malignant node (n) | Benign node (n) | Malignant node (n) | Benign node (n)
1-2 1 1 4 - - 0 9

>3 1 - - 0 1 1 7

>3 1 0 3 0 3 0 21

1-2 1 0 1 - - 1 6

1-2 1 1 1 1 2 1 6

1-2 1 1 1 0 5 - -

1-2 1 1 5 0 6 - -

>3 1 0 8 - - - -

Table 4. Details of axillary dissection for eight patients with false-negative axillary responses on ultrasound.

Node response in
pathology

Complete | Partial | p

Node response on ultrasonography

Complete | 22 8 <0.001
Partial 0 13
Total 22 21

Table 5. Axillary node response on US versus pathology result.

node count, cortex thickness, and short axis/long axis ratio with the treatment response of the clipped node in
US evaluation and pathology results (Table 1).

A significant association was identified between axillary pathological response and residual tumor size
(p=0.017). The cortical thickness of the clipped lymph node on post-treatment ultrasound, along with the short
axis/long axis ratio of the lymph node, exhibited a correlation with the axillary response in pathology results
(p<0.0001). There was statistical concordance between the treatment response of the clipped lymph node on
ultrasound and the lymph node response in pathology results (p < 0.0001). Significant differences were observed
between the molecular subtype and axillary lymph node response both with US (p=0.011) and pathology results
(p=0.0004) (Table 1). Significant relationships were noted between the treatment response of the breast mass
and the axillary node response in both pathology result and US evaluations (p <0.0001) (Table 5).

Discussion

Needle wire guided targeted axillary dissection appears to be a promising approach for minimal axillary surgery.
In node-positive breast cancer patients who received NAC, TAD demonstrated an identification rates of 96%,
with a reported FNR of 7%1°.

In the study conducted by Lim et al., they achieved 100% accuracy in removing the clips by marking the skin
with the Skin Mark Clipped Axillary Nodes Removal Technique (SMART) technique and using the UltraCor
Twirl Marker!!. In our study, the clips that responded completely to NAC and could not be visualized with US
were marked with a needle wire under CT guidance, and all of them were successfully removed. There are a
limited number of studies on this technique in the literature. In a study of five cases conducted by Trinh et al,,
it was reported that this method is easy and convenient for marking lymph nodes that cannot be detected by
ultrasound after NAC'. In our study, axillary markers for 23 patients were placed under CT guidance. None of
our patients developed complications related to the marking, and it provided a suitable guide for the surgeon
during the operation. Limitations of this method include processing time and radiation exposure. Our total
processing time with this method, including preparation, was approximately 10-15 min, which is similar to
marking under ultrasound guidance. To minimize radiation exposure, performing low-dose CT scans and
adjusting the processing area and section thickness can be considered as potential solutions.

In their study, Li and colleagues investigated the US parameters influencing the complete response in axillary
lymph nodes after NAC*. They found no significant association with the lymph node short-axis ratio. Notably,
they observed a 71% nodal complete response in patients receiving HER2-targeted therapy. Similarly, in our
study, a nodal complete response was observed in all HER2-positive patients after treatment. Furthermore, akin
to our findings, they identified a significant relationship between cortical thickness and axillary nodal complete
response post-treatment*. In our study, no significant statistical differences were found between lymph node US
findings before NAC and treatment response. We believe this may be related to the small number of patients
and the retrospective nature of the image evaluation. However, a significant relationship was observed between
the lymph node cortex thickness measured in the ultrasound performed after treatment and the diameter of
the lymph node metastatic focus identified in pathology. Cortical thickness is one of the key parameters in the
preoperative assessment. Hieken et al. found, in a study involving a group of 272 patients newly diagnosed with
breast cancer, that MRI and PET-CT have limitations in evaluating axillary nodal response!®. Compared to other
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imaging methods, US is a cost-effective, practical, noninvasive, and reliable approach for evaluating the axillary
region.

In the study conducted by Pislar et al,, it was noted that US, widely used in post-treatment axillary evaluation
in patients with node-positive pre-treatment, led to overdiagnosis in 50% of cases. Sensitivity ranged from 37 to
100%, with specificity ranging from 69 to 92%. The evaluation of response with US emphasized cortical thickness,
with a focus on perinodal involvement. Similarly, in our study, sensitivity was 61.9% and specificity was 100%.
Pislar and colleagues also highlighted a connection between molecular subtypes and axillary response. In our
study, axillary complete response rates were particularly high, especially in HER2-positive and TNBC patients,
with assessments aligned with US findings®.

The primary limitations of this study include the small sample size and retrospective design. There are several
studies in the literature that utilize artificial intelligence algorithms to predict the presence of metastasis in
the axillary lymph node. For example, Zhou et al. conducted a study using axillary lymph node US images,
while Sun et al. also focused on predicting axillary lymph node metastasis from US images of primary breast
cancer?®!. Additionally, comparative studies involving larger patient cohorts, particularly those undergoing
TAD, could assess alternative marking techniques. In the current era emphasizing minimal axillary surgery, pre-
TAD evaluation of clipped lymph nodes with US holds significance in surgical planning. To obtain more detailed
information on the impact of ultrasound evaluation before TAD on surgical therapeutic effectiveness, studies
with long-term follow-up results should be conducted in a larger patient cohort.

Conclusion
The assessment of clipped lymph node treatment response with preoperative ultrasound, followed by excision
using needle wire localization, can be used as a viable alternative method to axillary dissection with low false-
negative rates.

Data availability

The data used in this study were entered into an Excel file and analyzed using the SPSS program. Information
about the data used and/or analyzed during the current study can be obtained from the corresponding author
upon reasonable request, to the extent permitted by the ethics committee of our university.
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