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Objective: Axillary lymph node status assessment has
always been an important issue in clinical treatment
of breast cancer. However, there has been no effective
method to accurately predict the pathological complete
response (pCR) of axillary lymph node after neoadjuvant
chemotherapy (NAC). The objective of our study was
to investigate whether conventional ultrasonography
combined with contrast-enhanced ultrasonography
(CEUS) can be used to evaluate axillary lymph node
status of breast cancer patients after NAC.

Methods: A total of 74 patients who underwent NAC
were recruited for the present study. Prior to and after
NAC, examinations of conventional ultrasonography and
CEUS were performed. After evaluating the images of
conventional ultrasonography, four characteristics were
recorded: lymph node medulla boundary, cortex of
lymph node, lymph node hilus, and lymph node aspect
ratio. Two additional imaging characteristics of CEUS
were analyzed: CEUS way and CEUS pattern. Receiver

INTRODUCTION

Breast cancer is one of the most threatening malignant
tumours for females worldwide.! Neoadjuvant therapy is
an important way to treat early breast cancer. Based on the
results of evidence-based medicine in the current literature,
neoadjuvant therapy (NAC) can not only achieve similar

operating characteristiccurve analysis was applied to
evaluate their diagnostic performance.

Results: After 6~8 cycles of NAC, 46 (71.9%) patients
had negative axillary lymph node, and 18 (28.1%) patients
turned out non-pCR. According to statistical analysis,
lymph node medulla, lymph node aspect ratio and CEUS
way were independently associated with pCR of axillary
lymph node after NAC. The area under the curve of the
prediction model with three imaging characteristics was
0.882 (95% confidence interval: 0.608-0.958), and the
accuracy to predict the patients’ lymph node status was
78.1% (p < 0.01).

Conclusions: Conventional ultrasonography combined
with CEUS technology can accurately predict axillary
lymph nodes status of breast cancer patients after NAC.
Advances in knowledge: The usefulness of CEUS tech-
nology in predicting pCR after neoadjuvant chemo-
therapy is highlighted.

benefits as conventional adjuvant therapy but can also
enable some patients with high-risk factors (such as triple
negative and human epidermal growth factor receptor
2-positive breast cancers) to undergo further intensive
treatment and to benefit from it.> Moreover, the long-term
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prognosis of patients who have obtained pathological complete
response (pCR, with no residual infiltrating tumour in the breast
and axilla) through neoadjuvant therapy is significantly better
than that of patients with residual invasive tumour.® Therefore,
for these patients with good prognosis, with regard to the choice
of surgical methods, breast-conserving surgery resulting in less
trauma, faster recovery, and better quality of life is preferred.
As lymphedema caused by axillary dissection is an important
factor affecting the prognosis of breast cancer patients, studies
have shown that sentinel lymph node biopsy (SLNB) could
be sufficient for patients who are expected to achieve axillary
pCR.* However, according to The American College of Surgeons
Oncology Group 1071, the overall false-negative rates (FNRs)
were 13-14%, which didn't achieve necessary FNR <10% to
be clinically acceptable.” Therefore, an effective and accurate
method to detect lymph node status after NAC is urgently
required. In patients with axillary lymph node metastasis before
neoadjuvant, after effective neoadjuvant treatment, the axillary
lymph node metastasis disappears, allowing patients to avoid
excessive dissection.*®

Although NAC is effective for most breast cancer patients, some
patients are still unresponsive to neoadjuvant therapy and cannot
achieve pCR.”® Therefore, the prediction of neoadjuvant efficacy
plays a critical role in the next clinical treatment strategy, espe-
cially the choice and method of surgery. For the evaluation of
whether primary lesion achieves pCR, a combination of multiple
imaging methods is always clinically adopted,”'° especially with
magnetic resonance technology,'' ™' that can further improve the
predictability of primary lesion pCR. However, to date, the most
appropriate imaging detection method for predicting whether
axillary lymph nodes achieve pCR has not been established.

Previous studies have reported that ultrasonography can effec-
tively evaluate axillary lymph nodes.'*"'® Contrast-enhanced
ultrasonography (CEUS) is a new technology in the field of ultra-
sonography. It uses the nonlinear effect in a sound field of gas
microbubbles in the blood and generated strong backscattering
to obtain contrast-enhanced images. It has a good sensitivity for
evaluating lymph node status.'”'® In this study, we aimed to use
conventional ultrasonography combined with CEUS to eval-
uate the axillary lymph node status of breast cancer patients on
neoadjuvant therapy and to identify whether it can predict the
occurrence of axillary lymph node pCR in these patients.

Figure 1. The flowchart of this article.
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METHODS AND MATERIALS

Patients

Patients with early breast cancer who underwent neoadjuvant
therapy at Harbin Medical University Cancer Hospital from
2018 to 2020 were included, and axillary lymph nodes of patients
were examined by conventional ultrasonography combined
with CEUS before and after neoadjuvant therapy. The inclusion
criteria were as follows: (1) pathological diagnosis of invasive
breast cancer ; (2) patients that met the neoadjuvant therapy
population criteria according to the National Comprehensive
Cancer Network (NCCN) guidelines; (3) fully informed and
agreed to CEUS examination; (4) in good health, without severe
heart, liver, or kidney function insufficiency, and could tolerate
neoadjuvant therapy; (5) upper limbs were sound without vessel-
related diseases; and (6) without history of surgical trauma to the
axilla and breast. The exclusion criteria were as follows:(1) pres-
ence of severe organic diseases and inability to tolerate neoadju-
vant therapy, (2) a history of severe allergies, (3) unsound upper
limbs, (4) a history of surgical trauma to the axilla and breast, (5)
ultrasonography imaging was not performed, and (6) refusal of
CEUS(Figure 1).

Experimental methods

True-cut biopsy with 16G needle was performed from the
primary breast lesion and swollen lymph nodes to determine the
pathological type and immunohistochemical type.

According to NCCN guidelines, NAC or combined neoadjuvant
endocrine therapy was performed on patients with different
subtypes of breast cancer until the end of the prescribed therapy
cycle. Surgery was then performed. We defined positive lymph
node before NAC as: (1) True-cut biopsy confirmed positive
lymph node before chemotherapy; (2) Lymph node before
chemotherapy was negative, but post-operative pathological
results confirmed the presence of cancer cells or reactions after
chemotherapy. Positive lymph node after NAC was defined as:
residual axillary lymph node metastasis confirmed by pathology.

In this study, the Canon Aplio 1900 ultrasound diagnostic instru-
ment (Canon Medical Systems USA, Inc., Tustin, CA) equipped
with an i18L x 5 ultrasonography probe (Canon Medical Systems
USA, Inc.) of 6 MHz was used for conventional ultrasonography.
SonoVue (Bracco, Milan, Italy) as a contrast agent was used in
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patients(n=74)

= Ultrasonography

imaging

neoadjuvant
therapy

pathological
examination

-

Surgery(n=64)

= Ultrasonography

imaging
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Figure 2. (A) The imaging example of positive lymph node, which showed enhancement around the lymph node with uneven
enhancement pattern; (B) the imaging example of negative lymph node, which showed enhancement originated from lymphatic

hilum with even enhancement pattern.

CEUS examination. To avoid rupture of SonoVue microbubbles
under high-frequency ultrasound irradiation, the frequency of
the probe used for CEUS was 5.5 MHz. A total of 4ml SonoVue
suspension was injected through the patient s elbow vein,
followed by 5ml of saline to flush the tube. The dynamic image
was stored in real time for 60s, and the contrast observation
continued until lesion enhancement disappeared.

Conventional ultrasonography was used to find and locate
enlarged lymph nodes under the armpit. We observed and
recorded the aspect ratio of lymph nodes, cortical thickness,
lymphatic hilum status, and lymph node boundary conditions
and classified them. CEUS was performed to assess the axil-
lary lymph nodes. The enhancement entrance and mode were
classified in combination with conventional ultrasonography as
follows:

(1) Lymph node medulla boundary: A, clear; B, unclear
(2) Cortex of lymph node: A, <3mm; B, 23mm

(3) Lymph node hilus: A, clear; B, unclear

(4) Lymph node aspect ratio: A, 22; B, <2

(5) CEUS way: A, hilus; B, mix/around

(6) CEUS pattern: A, even-enhanced; B, uneven-enhanced

Imaging examinations were performed twice for every patient,
both before and after NAC. The accuracy of the methods in eval-
uating judge lymph node metastasis was compared(Figure 2).

Statistical analysis

Statistical Package for Social Sciences v. 19.0 (IBM Corp.,
Armonk, NY) was used to analyse the data of all patients. Logis-
tics regression analysis was performed, and a receiver oper-
ating characteristic (ROC) curve was drawn to analyse patient
data before neoadjuvant therapy and evaluate their sensitivity
and specificity. After NAC, the combination method was used
to reanalyse the patient data. For the multivariable analysis,
we selected those covariates with p values less than 0.3 in the
univariable analysis. An odds ratio greater than 1 meant higher
odds of residual axillary lymph node metastasis. We evaluated

b

its predictive ability and compared the accuracy differences. The
subgroup analysis included patients with positive lymph nodes
before NAC.

RESULTS

Patients

74 patients who underwent pre-neoadjuvant conventional ultra-
sonography combined with CEUS were included in this study,
of whom 20 had negative nodes before NAC (27.0%), and 54
(73.0%) had positive nodes. 64 people completed all 2 examina-
tions and underwent surgeries, of whom 52 (70.3%) underwent
axillary lymph node dissection, and another 12 (16.2%) under-
went sentinel lymph node biopsy (Table 1).

Experimental results

Lymph node metastasis was diagnosed in 74 people who under-
went conventional ultrasonography combined with CEUS for
axillary lymph node assessment before NAC. According to the
multivariate analysis, “Cortex of lymph node” [OR: 9.7 (1.9-
49.4)] and “Contrast-enhanced ultrasonography way” [OR:
7.4 (1.5-36.2)] showed statistical significance, and accordingly,
a logistics regression model was built (Table 2). A ROC curve
was plotted, with an area under the ROC curve (AUC) of 0.895
(0.808-0.982) (Table 3, Figure 3), sensitivity of 63.6%, specificity
of 92.3%, and accuracy of 83.8% (p < 0.0001) (Table 3).

64 people who underwent conventional ultrasonography
combined with CEUS for axillary lymph node assessment
completed NAC and underwent surgeries. According to the
multivariate analysis, “Lymph node medulla boundary” [OR:
11.7 (2.1-63.9)], “Lymph node aspect ratio” [OR: 11.7 (2.1-
63.9)], and “Contrast-enhanced ultrasonography way” [OR:
2.4 (1.1-5.3)] showed statistical significance, and accordingly, a
logistics regression model was built (Table 2). The ROC curve
was plotted, with an AUC of 0.882 (0.802-0.962) (Table 3,
Figure 3), sensitivity of 87.0%, specificity of 55.6%, and accuracy
0f 78.1% (p < 0.0001) (Table 3).
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Table 1. Patient and tumour characteristics

Before NAC (N After NAC

=74) (N=64)
Age,years 50.8 £8.35 52.66 + 8.95
Tumour size
Tl 2(2.7%) 46 (71.9%)
T2 36 (48.6%) 14 (21.9%)
T3 31 (41.9%) 4(6.3%)
T4 5 (6.8%) 0 (0%)
Lymph node
pNO 20 (27.0%) 46 (71.9%)
pN1 42 (56.8%) 16 (25.0%)
pN2-3 12 (16.2%) 2(3.1%)
Subtype (IHC)
TNBC 20 (27.0%) 16 (25.0%)
HER2+ 34 (45.9%) 32 (50.0%)
HR+, HER2— 20 (27.0%) 16 (25.0%)
Regimens of NAC
TCb 20 (27.0% ) 16 (25.0% )
THP 34 (45.9% ) 32 (50.0% )
AC-T 20 (27.0% ) 16 (50.0 )
Axillary surgery type
SLND 12 (16.2%) 12 (18.8%)
ALND 52 (70.2%) 52 (71.2%)
Unknown 10 (13.8%) 0 (0%)
Total 74 (100%) 64 (100%)

AC-T,adriamycin with cyclophosphamide plus docetaxel;ALND,
axillary lymph node dissection; HER2, Human epidermal growth
factor receptor; HR, Hormone receptor;IHC, Immunohistochemical;
NAC, Neoadjuvant chemotherapy;SLNB, sentinel lymph node biopsy;
TCb,Docetaxel with carboplatin;,THP,Docetaxel with Trastuzumab
andPertuzumab; TNBC, Triple negative breast cancer.

In addition, we used these three imaging factors to analyse the
imaging data of patients with positive lymph nodes before NAC.
The ROC curve showed that the AUC was 0.861 (0.751-0.971),
the sensitivity was 83.3%, the specificity was 77.8%, and the accu-
racy was 81.0% (p < 0.0001) (Table 3)(Figure 3) It was signifi-
cantly higher than conventional ultrasonography.

DISCUSSION

In this study, CEUS has obvious advantages in evaluating the
patients’ axillary lymph nodes during neoadjuvant therapy. It
greatly contributes to accurate diagnosis, with an accuracy of
more than 80% in clinical practice. The results can accurately
predict the efficacy of NAC through imaging methods, and
help clinicians to plan surgery, such as choosing less traumatic
breast-conserving surgery or avoiding axillary dissection and
selecting sentinel lymph node biopsy instead, which is consis-
tent with previous research.'’. Li etc. conducted an animal model

BJR

to demonstrate that CEUS allows for accurate visualisation of
lymph nodes, and helps to choose correct surgical method clin-
ically.®® In this experiment, CEUS also played an excellent role
in locating sentinel lymph nodes. Previous studies have shown
that CEUS is more accurate than conventional ultrasonography
for detecting tumour lymph node metastasis without chemo-
therapy.'® Agliata etc. demonstrated that CEUS is an inspection
method with overall high sensitivity for evaluation of axillary
lymph nodes in breast cancer, which is close to the reference-
standard sentinel lymph node biopsy.'” In our centre, CEUS
has good clinical application value, especially for predicting the
curative effect of neoadjuvant therapy. For patients with initial
positive lymph nodes, the status of lymph nodes after NAC is
an important factor affecting their prognosis. At the same time,
for patients with axillary lymph node pCR, axillary lymph node
dissection can be avoided, which can greatly reduce the inci-
dence of lymphedema and improve the patients’ quality of life.
This study innovatively used CEUS to evaluate the outcome of
axillary lymph nodes after neoadjuvant therapy and obtained a
good prediction result (AUC = 0.882). In retrospective samples
of our centre, the accuracy of using conventional ultrasonog-
raphy alone to diagnose axillary lymph nodes was less than
70% for neoadjuvant patients. As a non-invasive examination,
CEUS can accurately predict pCR of axillary lymph nodes, with
an accuracy rate of approximately 80% in lymph node-positive
patients. This can better avoid unnecessary axillary dissections,
improve the quality of life, and reduce the cost of diagnosis and
treatment for patients.

In some previous articles, researchers often pay attention to the
quantitative indicators of lymph node angiography and believe
that data such as time to peak and mean time to enhance of node
can predict the degree of remission of the lesion.”' > However,
in this study, the data for lymph nodes did not show an obvious
correlation. This may be related to the individual differences in
lymph node blood supply and differences in haemodynamics
between different individuals, and it may also be related to differ-
ences in computer software analysis. In addition, these type of
data require post-processing, which is not conducive to clinical
use. Therefore, we only selected some qualitative indicators,
which makes the evaluation by ultrasound physicians in clinical
practice more convenient. Due to the different number of people
and different factors included, we cannot directly compare
the accuracy of this imaging technique before and after NAC.
However, we can still see that this simple and convenient evalu-
ation method has a good application prospect for patients after
NAC.

This study has some limitations. Due to the small sample size, we
could not establish a more accurate prediction model, resulting
in a lack of extensive standards in clinical applications. However,
this study has already given good preliminary prediction results.
We believe that subsequent expansion of the sample size and
further upgradation of statistical methods can establish more
accurate prediction models for clinical practice.

CONCLUSIONS
In conclusion, conventional ultrasonography combined with
CEUS has a broad prospective application for predicting the
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Table 2. Multivariate analysis using the backward elimination method of conventional ultrasonography combined with contrast-
enhanced ultrasonography before and after NAC according to the axillary lymph nodes

Variables Univariate Multivariate

OR p-value OR p- value
Before NAC
Lymph node medulla boundary: - - - -
Cortex of lymph node: 32.0 (8.0-128.0) p <0.0001 9.7 (1.9-49.4) p =0.006
Lymph node hilus: - - - -
Lymph node aspect ratio: 9.6 (3.0-30.4) p <0.0001 - -
Contrast-enhanced ultrasonography way: 24.8 (6.6-92.6) p <0.0001 7.4 (1.5-36.2) p=0.013
Contrast-enhanced ultrasonography pattern: - - - -
After NAC
Lymph node medulla boundary 8.4 (2.1-33.5) p=0.003 11.7 (2.1-63.9) p=0.005
Cortex of lymph node: - - - -
Lymph node hilus: - - - -
Lymph node aspect ratio: 13.1 (3.3-52.4) p <0.0001 15.4 (3.0-77.0) p=10.001
Contrast-enhanced ultrasonography way: 3.5(1.1-11.1) p=0.03 2.4(1.1-5.3) p=0.231
Contrast-enhanced ultrasonography pattern: - - - -

NAC,neoadjuvant chemotherapy;OR,odds ratio.

Figure 3. (A) The ROC of contrast-enhanced ultrasonography combined model before NAC (AUC = 0.895, p < 0.0001); (B) the
ROC of contrast-enhanced ultrasonography combined model after NAC (AUC = 0.882, p < 0.0001); (C) The ROC of contrast-
enhanced ultrasonography combined model in lymph node-positive patients (AUC = 0.861, p < 0.0001). AUC, area under the
curve; NAC, neoadjuvant chemotherapy; ROC, receiver operating characteristic.
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Table 3. The ROC of conventional ultrasonography combined with contrast-enhanced ultrasonography to diagnose axillary lymph

nodes
ROC AUC NPV PPV Sensitivity Specificity Accuracy Sig.
Before NAC 0.895 85.7% 77.8% 63.6% 92.3% 83.8% p<0.0001
(0.808-0.982 )
After NAC 0.882 62.5% 83.3% 87.0% 55.6% 78.1% p<0.0001
(0.802-0.962)
Positive 0.861 77.8% 83.3% 83.3% 77.8% 81.0% p <0.0001
lymph node (0.751-0.971)

ROC,Receiver operating characteristic curve;AUC,Area under ROC;PPV,Positive predictive value; NPV, Negative predictive value; Sig., Significance

value.
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efficacy of neoadjuvant therapy for breast cancer patients. In
the future, we will further expand the sample size and utilise
more imaging methods to establish a more accurate and efficient
prediction model.
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