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Abstract

Purpose The reliable detection of tumor-infiltrated axillary lymph nodes for breast cancer [BC] patients plays a decisive role
in further therapy. We aimed to find out whether cross-sectional imaging techniques could improve sensitivity for pretherapeu-
tic axillary staging in nodal-positive BC patients compared to conventional imaging such as mammography and sonography.
Methods Data for breast cancer patients with tumor-infiltrated axillary lymph nodes having received surgery between 2014
and 2020 were included in this study.

All examinations (sonography, mammography, computed tomography [CT] and magnetic resonance imaging [MRI]) were
interpreted by board-certified specialists in radiology. The sensitivity of different imaging modalities was calculated, and
binary logistic regression analyses were performed to detect variables influencing the detection of positive lymph nodes.
Results All included 382 breast cancer patients had received conventional imaging, while 52.61% of the patients had received
cross-sectional imaging.

The sensitivity of the combination of all imaging modalities was 68.89%. The combination of MRI and CT showed 63.83%
and the combination of sonography and mammography showed 36.11% sensitivity.

Conclusion We could demonstrate that cross-sectional imaging can improve the sensitivity of the detection of tumor-infil-
trated axillary lymph nodes in breast cancer patients. Only the safe detection of these lymph nodes at the time of diagnosis
enables the evaluation of the response to neoadjuvant therapy, thereby allowing access to prognosis and improving new
post-neoadjuvant therapies.

Keywords Breast cancer imaging - Positive nodal status - Cross-sectional imaging - Conventional imaging - Post-
neoadjuvant therapies - Neoadjuvant therapies

Introduction

The axillary lymph node status is considered to be one of the
most important prognostic factors regarding the long-term
survival of breast cancer (BC) patients (Carter et al. 1989; de
Boer et al. 2010). Moreover, the knowledge whether lymph
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nodes are tumor-infiltrated or not is essential, since nodal
involvement has decisive therapeutic consequences such
as axillary lymph node dissection (ALND), axillary radio-
therapy and neoadjuvant or adjuvant systemic chemotherapy
(Rao et al. 2013).

To provide individualized therapeutic options and opti-
mized therapy algorithms for BC patients, it is crucial to per-
form an exact pretherapeutic evaluation of the nodal status of
the axilla. Ultrasound is considered to be the imaging modal-
ity of choice for evaluating the axillary lymph node status in
BC patients and is usually combined with mammography in
the conventional imaging setting (Choi H. Y. et al. 2017).
The sensitivity of mammography for detection of nodal
involvement is stated below 25.00% (Valente et al. 2012).
The sensitivity of ultrasound for axillary staging revealing
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nodal metastases ranges between 15.00 and 85.00% depend-
ing on the literature (Alvarez et al. 2006, Choi H. Y. et al.
2017). CT is not used by default for axillary staging, but can
be valuable for detecting infiltrated internal mammary and
supraclavicular lymph nodes (Lee et al. 2014). Furthermore,
CT imaging is able to prove nodal involvement on basis of
morphological features such as irregular cortical thickening
or the absence of internal fat density (Kutomi et al. 2014;
Uematsu et al. 2001). The diagnostic performance of the
MRI for detecting axillary metastases seems promising with
a sensitivity ranging from 35.00% up to over 80.00% in sys-
tematic reviews (Al-Hattali et al. 2019; Kuijs et al. 2015;
Zhou et al. 2018).

Over the past decades, different management strategies
have emerged in axillary lymph node surgery favoring less
invasive procedures. To that effect ALND has been replaced
by sentinel lymph node biopsy in early stages of BC (de
Meric de Bellefon et al. 2018). Especially after the publica-
tion of the ACOSOG Z0011 and AMAROS—clinical trials
which have shown that even in patients with nodal involve-
ment (1 or 2 positive sentinel nodes)—who meet certain cri-
teria—there seems to be no additional benefit of the ALND
regarding clinical outcome (Donker et al. 2014; Giuliano
et al. 2011). In patients with clinically nodal-negative (cNO)
disease, the excision of the sentinel node is considered to
be the standard procedure for the evaluation of the axilla
with identification rates above 90.00% and false-negative
rates (FNR) < 10.00% even after NAC (Shirzadi et al. 2019).
However, in patients with node-positive disease who receive
NAC and convert into clinically nodal-negative disease
(ycNO), identification rates of infiltrated lymph nodes by
SNB were lower (89.00%) and false-negative rates were
higher (13.00%). Therefore, the sole procedure of SNB is not
recommended for these high-risk patients and new surgical
strategies for the staging of the axilla are needed (Boughey
et al. 2013; Ditsch et al. 2020). For this analysis, we evalu-
ated lymph nodes as cN + according to the definition of the
AGO (Arbeitsgemeinschaft Gynikologische Onkologie)
breast committee (Ditsch et al. 2020).

An improvement of the axillary evaluation in patients
with initially nodal-positive disease and NAC was accom-
plished by implementing the targeted axillary dissection
(TAD). Caudle and coworkers showed a FNR of 2.00% when
removing the sentinel lymph node as well as the clipped
lymph node after NAC (Caudle et al. 2016). If the axillary
lymph node is detected prior to the start of neoadjuvant
chemotherapy, histologically proven and consecutively
clipped, targeted axillary dissection is an option to contrib-
ute to the de-escalation of axillary surgery and save patients
from axillary dissection which is associated with high mor-
bidity (Veronesi et al. 2003). The guidelines of the AGO
breast committee have already implemented the option of
performing a TAD in clinically node-positive patients who
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converted into ycNO after neoadjuvant systemic therapy
(Ditsch et al. 2020). If we do not distinguish safely between
cN +and cNO patients in the pretherapeutic setting, we miss
the opportunity to offer individualized multidisciplinary
therapies like the TAD to patients with nodal involvement.
Moreover, the overlook of a tumor-infiltrated lymph node in
the neoadjuvant setting entails not only the risk of denying
the use of TAD but also the possible identification of lymph
nodes, which are still positive after the neoadjuvant therapy.
This in turn could prevent the group of BC patients, who
did not achieve complete remission and who are at high risk
of negative clinical outcome, from receiving a post-NAC.
The positive clinical effect of post-neoadjuvant therapies has
been proven for the Her2-positive and the triple-negative
BC (Masuda et al. 2017; von Minckwitz et al. 2019). For
hormone receptor-positive breast cancer, there are promising
results (Johnston et al. 2020).

The aim of this study was to evaluate the sensitivity of
different pretherapeutic imaging modalities (sonography,
mammography, CT and MRI) in nodal-positive BC patients
and to find out if there is a further benefit of using cross-sec-
tional imaging (MRI, CT) for pretherapeutic axillary staging
compared to conventional imaging such as mammography
and sonography (Choi H. Y. et al. 2017). Since the utiliza-
tion of neoadjuvant chemotherapy is advancing and due to
the fact that the diagnostic validity of the axillary staging is
less conclusive after the administration of NAC, we chose
a retrospective study design including only nodal-positive
patients receiving adjuvant chemotherapy.

Methods
Study population and data collection

The study population consisted of BC patients having
received surgery for BC (breast-conserving surgery or mas-
tectomy) as well as lymph node surgeries (sentinel lymph
node biopsy and/or axillary lymph node dissection) in the
gynecological clinic of the Wuerzburg University Hospital
between 2014 and 2020.

Inclusion criteria were no neoadjuvant therapy and a
complete data record for evaluation. Furthermore, only
patients with post-operatively tumor-infiltrated lymph nodes
based on SNB or axillary dissection material were included.
The evaluation of suspicious lymph nodes pre-operatively by
nodal biopsy was only carried out in rare individual cases.

The following data were collected from the electronic
or paper medical data records: age, sex, menopausal status,
body mass index (BMI), pathology report (histological type
of BC, pathological tumor as well as lymph node status using
the TNM system, estrogen receptor, progesterone receptor
and Her?2 receptor, Ki-67 and grading) and the results of
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the lymph node status as well as possible metastases in the
different imaging modalities [sonography, mammography,
MRI, CT (thorax and abdomen)]. Surrogate definition was
used to determine BC subtypes considering the hormone
receptors and the Her2 receptor as well as Ki-67 according
to the German guideline for BC (Bakker et al. 2019): lumi-
nal A (HR positive, Her2 negative, Ki-67 <25%), luminal B
Her2 negative (HR positive, Her2 negative, Ki-67 >25%),
luminal B Her?2 positive (HR positive, Her2 positive), Her2
overexpressing (HR negative, Her2 positive) and triple nega-
tive (HR negative, Her2 negative).

Imaging technique and interpretation

The imaging diagnostic for BC (MRI, CT, mammography
and ultrasound) patients is carried out by the Department of
Diagnostic and Interventional Radiology of the University
Hospital Wuerzburg and interpreted by a board-certified
radiologist at the time of BC diagnosis. The radiological
reports for each patient and each imaging technique were
analyzed with regard to the lymph node status. For those
reports that did not evaluate the nodal status clearly, the
images were re-evaluated by two board-certified radiologists
with at least seven years of experience in senology based on
an inter-reader agreement as part of this study.

This radiologist was blinded and did not know the patho-
logical result of the axillary evaluation. If the axillary lymph
nodes were assessed as suspicious, in the different imaging
techniques, we evaluated the nodal status as cN +. Inconclu-
sive axillary lymph node status in imaging diagnostics was
also interpreted as cN +.

MRI protocol

Breast MRI was performed on a 3.0 T scanner, with dedi-
cated breast coils and with patients lying in a prone position.
All protocols followed International guidelines and recom-
mendations and included a T2-weighted sequence and a
T1-weighted series acquired before and after the injection
of a gadolinium-based contrast agent.

Ultrasound was performed by a specialist in radiology
with experience in senology on a commercially available
system (S2000 or S1000, Siemens Healthineers), using a
14 MHz probe. The BC patients routinely receive an ultra-
sound exam including the evaluation of the breast and the
axilla with the lymphatic drainage pathways.

In the sonographic assessment of the axillary lymph
nodes, the following characteristics were evaluated: nodal
shape, size, border and internal architecture. Moreover,
color and power Doppler ultrasound was done in some cases
evaluate the vascular pattern of lymph nodes and to clarify
dignity (Ahuja et al. 2008).

For mammography, we used two different full-field digi-
tal mammography systems (Selenia Dimensions or Selenia
3Dimensions, Hologic) with the option of additional tomos-
ynthesis for further characterization of the primary tumor.

For staging purpose, we used contemporary multidetec-
tor CT systems (Somatom Force, Somatom Definition AS,
Somatom Edge, all Siemens Healthineers) with standard
acquisition and reconstruction protocols, including chest
and abdomen.

For image analysis and archiving, data were transferred
to dedicated Picture Archiving and Communication System
(PACS) software (Merlin, Phoenix-PACS). In general, all
BC patients at our center receive conventional imaging as
standard procedure. Individuals at higher risk of metastasis
formation receive additional chest and abdominal CT imag-
ing for staging purpose. Patients with germline mutations,
such as BRCA1 or BRCA?2, with invasive lobular carcinoma,
with multicentric BC or with a high density of the breast
tissue receive additional MR mammography.

Statistical analysis

The software IBM SPSS Statistics 26 (IBM Deutschland
GmbH, 71,137 Ehningen) was used to collect data, create
tables and to perform statistical analysis. Data are presented
in numbers and percent (%). Spearman rho test was per-
formed to test correlation of the different imaging modali-
ties. Sensitivity was calculated as the proportion (in percent)
of correctly identified positive lymph nodes via imaging.
Chi-square tests compared possible differences in the num-
ber of positive and negative detected lymph nodes of the
imaging modalities. Multiple binary logistic regression
analyses were performed to detect variables influencing the
detection of positive lymph nodes. p values lower than 0.05
were considered significant.

Results
Basic characteristics of the study population

The data of 382 node positive BC patients with adjuvant
treatment between 2014 and 2020 were enrolled in this
study. This corresponds to a percentage of 21.90% of all BC
patients treated in our department of gynecological oncology
during this period. Basic characteristics of the study popula-
tion are summarized in Table 1.

Most BC patients were suffering from invasive carcinoma
of no special type (304 patients; 80.85%), while 57 patients
(15.16%) had an invasive lobular breast cancer. Other BC
entities were found in 15 patients (3.99%). Further details of
stage and subtype of BC are shown in Table 2.
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Table 1 Basic characteristics of the study population

Patients Imaging modalities
All number/  Sonography =~ Mammogra- MRI CT number Conventional — Cross-sectional
(percent) number / phy number  number (per- (percent) imaging imaging (MRI
(percent) (percent) cent) (sonography  and/or CT)
and/or mam-  number (per-
mography) cent)
number
(percent)
Age (in years) 20-39 20 (5.24%) 20 (100%) 20 (100%) 11 (55.00%) 6 (30.00%) 20 (100%) 14 (70.00%)
40-59 144 (37.70%) 142 (98.61%) 144 (100%) 57 (39.58%) 44 (30.56%) 144 (100%) 76 (52.78%)
60-79 177 (46.34%) 177 (100%) 177 (100%)  35(19.77%) 71 (40.11%) 177 (100%) 89 (50.28%)
>79 41 (10.73%)  40(97.56%) 41 (100%) 3(7.32%) 21 (51.22%) 41 (100%) 22 (53.66%)
Sex Female 378 (98.95%) 371 (100%) 374 (100%) 105 (100%) 140 (100%) 374 (100%) 198 (100%)
Male 4 (1.05%) 4 (100%) 4 (100%) 1 (75.00%) 1 (25.00%) 4 (100%) 2 (50.00%)
Menopausal ~ Premenopau- 67 (17.72%) 67 (100%) 67 (100%) 33(49.25%) 22(32.84%) 67 (100%) 40 (59.70%)
status sal
Perimenopau- 22 (5.82%) 18 (81.82%) 18 (81.82%) 6 (27.27%) 5(22.73%) 18 (81.82%) 7 (31.82%)
sal
Postmeno- 289 (76.46%) 286 (98.96%) 289 (100%) 66 (100%) 113 (39.10%) 289 (100%) 151 (52.25%)
pausal
Body mass <18,5 7 (1.83%) 7 (100%) 7 (100%) 0 (0%) 2 (28.57%) 7 (100%) 2 (28.57%)
indexz(in 18,5-24,9 165 (43.19%) 165 (100%) 165 (100%)  62(37.58%) 52 (31.52%) 165 (100%) 86 (52.12%)
kg/m?) 25-29,9 110 (28.79%) 110 (100%) 110 (100%) 29 (26.36%) 40 (36.36%) 110 (100%) 60 (54.55%)
30-34,9 63 (16.49%) 62 (98.41%) 63 (100%) 11 (17.46%) 34 (53.97%) 63 (100%) 36 (57.14%)
35-39,9 19 (4.97%) 19 (100%) 19 (100%) 2 (10.53%) 6 (31.58%) 19 (100%) 8 (42.11%)
>40 15 (3.93%) 13 (86.67%) 15 (100%) 2 (13.33%) 6 (40.00%) 15 (100%) 7 (46.67%)
CT computed tomography, MRI magnetic resonance imaging
Different imaging modalities Sensitivity

With regard to the imaging, 379 patients (99.21%)
received a sonography and 363 (95.03%) a mammogra-
phy. Altogether, all patients (382 patients) had a conven-
tional imaging (sonography and/or mammography). While
MRI was performed in 106 patients (27.75%), a CT was
performed in 142 cases (37.17%). During the investigated
period 52.61% of the patients had a cross-sectional imag-
ing (MRI and/or CT). There was a trend of a higher ratio
of cross-sectional imaging in relation to conventional
imaging (sonography and/or mammography) (Table 3).

In 2014, the ratio was 0.24, in 2020, however, 0.72—
therefore, the utilization of cross-sectional imaging
increased during the last five years.

Bivariate correlation tests revealed correlation coeffi-
cients between 0.257 and 0.549 of the results of the differ-
ent imaging modalities among each other with a significant
correlation; p-value was between 0.000 and 0.010 and can,
therefore, be considered as highly significant (Table 4).
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Comparing the different imaging modalities, sonography
had a sensitivity of 34.56% to detect a positive lymph node
status. The sensitivity of the mammography was consider-
ably lower (14.60%). A higher sensitivity was analyzed for
MRI with 41.51 and 51.40% for CT. Altogether, the sen-
sitivity of the cross-sectional imaging (MRI and/or CT)
was higher than the sensitivity of the conventional imaging
(sonography and/or mammography) (50.25 versus 37.17%).

By combination of all imaging modalities, the sensitivity
was 68.89%. Slightly lower values could be achieved for the
combination of sonography, MRI and CT (68.09%) and for
the combination of mammography, MRI and CT (65.91%).
The sensitivity of the combination of both cross-sectional
imaging modalities (CT and MRI) was 63.83%. Table 5
shows the sensitivity of the imaging modalities and their
combinations in a descending order. Generally, there were
significant differences between positive and negative lymph
node detection in the chi-square testing by comparing the
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Table 2 Pathological stage and subtype of breast cancer

All patients

Number
(percent
of all patients)

Imaging modalities

Conventional imaging (sonography and/or Cross-sectional imaging

mammography) number (percent)

(MRI and/or CT) number
(percent)

Intrinsic subtype

Ki-67 (in %)

Grading

Pathological tumor
size using the
TNM system

Lymph node status
using the TNM*
system

Metastasis**

Luminal A

Luminal B, Her2 neg
Luminal B, Her2 pos
Her2 overexpressing
Triple negative
Unknown

0-25

26-50

51-75

76-100

1

220 (57.59%)
91 (23.82%)
35 (9.16%)
11 (2.88%)
23 (6.02%)
2(0.52%)
237 (62.86%)
92 (24.40%)
31 (8.22%)
17 (4.51%)
23

(6.05%)
254
(66.84%)
103

(27.11)

131
(34.29%)
169
(44.24%)
44
(11.52%)

33

(8.64%)

5

(1.31%)

266
(69.63%)
69
(18.06%)

47
(12.30%)
344
(90.05%)
38

(9.95%)

220 (100%)
91 (100%)
35 (100%)
11 (100%)
23 (100%)
2 (100%)
237 (100%)
92 (100%)
31 (100%)
17 (100%)
23 (100%)

254 (100%)
103 (100%)
131 (100%)
169 (100%)
44 (100%)
33 (100%)
5 (100%)
266 (100%)
69 (100%)
47 (100%)
344 (100%)

38 (100%)

114 (51.82%)
51 (56.04%)
22 (62.86%)
4 (36.36%)

9 (39.13%)
1(39.13%)
119 (50.21%)
52 (56.52%)
18 (58.06%)
9 (52.94%)
11 (47.83%)

136 (53.54%)
54 (52.43%)
55 (41.98%)
86 (50.89%)
33 (75.00%)
24 (72.73%)
3 (60.00%)
127 (47.74%)
48 (69.57%)
26 (55.32%)
175 (50.87%)

26 (68.42%)

CT computed tomography, MRI magnetic resonance imaging

“ TNM classification is based on the pathological report of breast-conserving therapy or mastectomy and SLN or axillary dissection
pT1: 0-2 cm; pT2: 2-5 cm; pT3:>5 cm; pN1: 1-3 infiltrated lymph nodes pN2: 4-9 infiltrated lymph nodes pN3: > 9 infiltrated lymph nodes

** Metastasis is defined as a distant dissemination of metastasis detected by imaging techniques

Table 3 Imaging modalities
during the investigated period

2014 2015 2016

2017

2018 2019 2020 All

Conventional imaging (CI; sonography and/or 66 43 52

mammography)

Cross-sectional imaging (CSI: MRI and/or CT) 16 14 19

Ratio CSI/CI

024 033 0.37

56 64 43 382

38 52 31 201
068 081 072 053
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Table 4 Results of the

Spearman rho Sonography Mammography MRI
Spearman rho test of the
different imaging modalities Sonography Correlation coefficient 1 0.416 0.347
p (2-sided) 0.000 0.000
Number 379 360 106
Mammography correlation coefficient 0.416 1 0.257
p (2-sided) 0.000 0.010
Number 360 363 99
MRI Correlation coefficient 0.347 0.257 1
p (2-sided) 0.000 0.010
Number 106 99 106
CT Correlation coefficient 0.549 0.262 0.427
p (2-sided) 0.000 0.002 0.003
number 140 139 47

Table 5 Sensitivity of the different imaging modalities

Negative nodal status in at least

one imaging modality

Sensitivity in
percent (%)

Positive nodal status in at least All
one imaging modality

All imaging modalities 14
Sonography, MRI and CT 15
Mammography, MRI and CT 15
MRI and CT 17
Sonography, mammography and CT 54
Sonography and CT 58
Mammography and CT 61
Sonography and MRI 50
CT 69
Sonography, mammography and MRI 49
Mammography and MRI 55
MRI 62
Sonography and mammography 230
Sonography 248
Mammography 310

31 45 68.89
32 47 68.09
29 44 65.91
30 47 63.83
83 137 60.58
82 140 58.57
78 139 56.12
56 106 52.83
73 142 51.40
50 99 50.51
45 100 45.00
44 106 41.51
130 360 36.11
131 379 34.56
53 363 14.60

different imaging modalities and their combinations. Only
in a few cases, the results were not statistically significant,
although the sensitivity varied strongly. (mammography
vs. all imaging p=0.053; mammography vs. sonography,
MRI and CT p=0.053; mammography vs. MRI and CT
p=0.201).

Factors influencing lymph node detection

The main factors influencing the detection of positive lymph
nodes significantly in at least one of all imaging modalities
were the tumor size (odds ratio 1.93 [1.43-2.59], p=0.000),
the nodal status (odds ratio (1.66 [1.17-2.36], p=0.005)
and the tumor grading (odd ratio 2.52 [1.49-4.30],
p=0.001). Table 6 demonstrates the relevant variables of the
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cross-sectional imaging, the conventional imaging and each
imaging modality alone. These were the pathological tumor
size and tumor grading as well as the level of pathological
positive lymph nodes. Additionally tested variables were
age, body mass index, intrinsic subtypes of BC (surrogate
definition of the estrogen, progesterone receptor and Her2
receptor as well as the Ki-67 proliferation marker (Bakker
et al. 2019)), metastasis and histological type of BC. There
was no statistically significant correlation between the detec-
tion of tumor-infiltrated lymph nodes and different imaging
techniques (data not shown).

Table 7 illustrates the increasing sensitivity with increas-
ing tumor size for sonography, mammography and CT. MRI,
however, shows almost constant sensitivity values indepen-
dently of the tumor size with a range of 41.46-52.94%. In
contrast, sonography had a sensitivity of 18.88% for pT1
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Table 6_ Multiple.binary lpgistic Imaging modalities variables QOdds ratio (95% confi- )4
regression analysis of.varlaples dence interval)
influencing the detection of
pos.itive lymph nodes. Tested All (anyone of all) Tumor size 1.93 (1.43-2.59) 0.000
ivrfdrg?lsesb‘:;;‘;aighbé’f‘gr;‘zﬁi; Nodal status 1.66 (1.17-2.36) 0.005
stage of tumor size and nodal Grading 2.52 (1.49-4.30) 0.001
status according to the TNM Cross-sectional imaging (MRI and/or CT) Nodal status 2.03 (1.25-3.30) 0.004
guidelines, metastasis and Grading 3.29 (1.49-7.24) 0.003
histological type of BC Conventional imaging (sonography and/or mam- Tumor size 1.60 (1.20-2.14) 0.001
mography) Nodal status 1.56 (1.10-2.20) 0.011
Grading 2.98 (1.72-5.16) 0.000
Sonography Tumor size 1.53 (1.14-2.04) 0.004
Nodal status 1.62 (1.15-2.29) 0.006
Grading 3.05 (1.75-5.32) 0.000
Mammography Tumor size 1.93 (1.33-2.80) 0.001
Grading 2.72 (1.33-5.55) 0.006
MRI Nodal status 3.45 (1.58-7.52) 0.002
Grading 4.22 (1.31-13.65) 0.016
CT Grading 3.43 (1.33-8.87) 0.011

Table 7 Sensitivity of the different imaging modalities depending on
tumor size

Sensitivity in percent (%) T1 T2 T3 T4
At least one positive lymph node in  24.48  46.02 70.21 72.22
any imaging
MRI and/or CT 36.51 5281 61.76 62.96
Sonography and/or mammography 20.28 40.34 57.45 58.33
Sonography 18.88 38.86 51.11 55.88
Mammography 5.84 1446 2444 3824
MRI 4146 4048 5294 50
CT 30.77 56.06 52 60.87

(TNM classification), 38.86% for pT2, 51.11% for pT3 and
55.88% for pT4. Except for tumor stage pT4, there were sig-
nificant differences between conventional imaging (sonog-
raphy and/or mammography) and cross-sectional imaging
(MRI and/or CT). For tumor stage pT1, there was a clearly
higher sensitivity of cross-sectional imaging to detect posi-
tive lymph nodes.

Imaging example emphasizing

the importance of cross-sectional imaging
for the evaluation of axillary lymph nodes
of BC patients

We present the imaging diagnostics of a 39-year-old patient
with a no special type BC with the following TNM clas-
sification: pT2 pN1 G3 L1 V1 M 0, Ki-67: 70%, hormone
receptor positive, Her2 negative. In this case, the CT at

initial staging of thorax and abdomen gave the decisive
suspicion of axillary lymph node infiltration. Conventional
imaging, however, could not clearly represent the tumor-
infiltrated lymph nodes (Fig. 1 A-C).

Discussion

In the field of senology, there were different trends during
the last decade that significantly changed therapy algorithms.
On the one hand, there is a trend towards de-escalation of
surgical and systemic therapy (de Meric de Bellefon et al.
2018, Mariotto et al. 2020; Tolaney et al. 2015; van der
Voort et al. 2021; Veronesi et al. 2002).

On the other hand, there is a trend to escalate systemic
therapy for BC patients at high risk. The response to neoad-
juvant therapy plays a decisive role in identifying patients
with a high risk of relapse. BC patients, who achieve com-
plete pathological response during neoadjuvant therapy,
seem to have the best clinical outcome (Huang et al. 2020).
Patients with residual tumor after neoadjuvant therapy are,
however, at high risk of tumor relapse. This subgroup can
benefit from an escalation of cancer therapy by applying
post-NAC (Johnston et al. 2020; Masuda et al. 2017; Tutt
et al. 2021; von Minckwitz et al. 2019).

The evaluation of the clinical response to NAC in the
mammary gland can be achieved by pathological examina-
tion of the tumor bed after breast-conserving therapy (von
Minckwitz et al. 2019). The assessment of the response of
the axillary, respectively, tumor-infiltrated lymph nodes,
without performing a complete axillary dissection with its
additional side effects is technically challenging.

@ Springer



3464

Journal of Cancer Research and Clinical Oncology (2023) 149:3457-3467

Fig. 1 The imaging example illustrates the case of a patient in whom
the suspicious lymph node was primarily diagnoses via CT imaging.
A: Mammography in mediolateral oblique projection depicting inva-
sive breast cancer (no special type, G3) as a mass with architectural
distortion and peritumoral ductal carcinoma in situ (DCIS), indi-
cated by accompanying regional distribution of fine linear branch-
ing microcalcifications in the right upper outer quadrant. No axillary
lymph nodes are included in the field of view. B: Axial and coronal

One of the reasons for this is the fact that the same suspi-
cious lymph nodes have to be analyzed before and after their
alteration caused by NAC (Caudle et al. 2016; Simons et al.
2020; Swarnkar et al. 2021). The evolving role of marked
lymph node biopsy (MLNB) and targeted axillary dissection
(TAD) enables the option of analyzing the effect of NAC.
Hence, a statement whether tumor-infiltrated lymph nodes
turned negative during therapy can be made (Flores-Funes
et al. 2020; Swarnkar et al. 2021). Both mammary and axil-
lary tumor manifestations can develop differently. Because
of this, the individual assessment of each of these two tumor
localities is crucial (Choi H. J. et al. 2019). The identifica-
tion of chemotherapy resistant tumor manifestations pro-
vides the option of offering post-NAC therapy to selected
BC patients (Caparica et al. 2019).

Up to now, the combination of mammography and sonog-
raphy is the standard of care concerning morphological
imaging for BC detection (Okello et al. 2014). Especially,
the evaluation of the dignity of lymph nodes is prone to
errors. Sonography as the standard technique for lymph
node evaluation varies from 15.00 to 85.00% in terms of
sensitivity. The specificity, however, is stated to be about
90.00 to 95.00% depending on the literature (Alvarez et al.
2006; Rezvani et al. 2018; Riedel et al. 2021). We, there-
fore, focused on the sensitivity of different medical imaging
procedures: sonography, mammography, MRI and CT and
aimed to analyze which technique could improve sensitivity
in terms of the detection of tumor-infiltrated lymph nodes.
Furthermore, we compared “conventional imaging” con-
sisting of sonography and mammography to cross-sectional
imaging consisting of MRI and CT.

@ Springer

reformatting of contrast-enhanced chest CT shows asymmetrical
enlargement of one right axillary lymph node with nodular thickening
of the cortex (arrows). C: Following CT, focused ultrasound of the
right axilla confirmed focal nodular thickening, while visualizing an
aberrant small vessel within the otherwise homogenously thickened
lymph node cortex. Core needle biopsy revealed a nodal metastasis of
breast cancer

Neoadjuvant systemic therapy is becoming increasingly
important for treatment of BC worldwide. In addition,
tumor-infiltrated lymph nodes often become tumor free after
the application of such neoadjuvant therapy. Due to this,
we conducted a retrospective analysis and excluded patients
with NAC. However, a prospective analysis comparing dif-
ferent imaging techniques for the detection of axillary lymph
nodes while excluding patients with neoadjuvant therapies
would be highly interesting.

Yet, such a study would be challenging concerning imple-
mentation and patient recruitment. For our analysis, we
included patients with pathologically confirmed infiltration
of axillary lymph nodes.

The analysis of our data showed a sensitivity of 34.56%
for sonography and 36.11% for the combination of sonog-
raphy and mammography for the detection of tumor-infil-
trated lymph nodes in the axilla. Our results are within the
expected range. It is, however, noticeable that sensitivity
for sonography is reported to vary from 15.00 to 85.00%
(Alvarez et al. 2006; Rezvani et al. 2018; Riedel et al. 2021;
Valente et al. 2012). Elastography may improve sensitivity
in this context (Chang et al. 2018; Tsai et al. 2013). In our
study, mammography showed a relatively low sensitivity
of 14.60% for the detection tumor-infiltrated lymph nodes.
The reason for this lies in the insufficient depiction of the
axilla by this technique and is comparable to previous results
which analyzed a sensitivity of 13.00% (Valente et al. 2012).

For the MRI analysis, we could detect a sensitivity of
41.51 and 63.83% for cross-sectional imaging as a combi-
nation of MRI and CT. The diagnostic reliability of MRI
for the evaluation of axillary nodal staging in BC reported



Journal of Cancer Research and Clinical Oncology (2023) 149:3457-3467

3465

by previous studies shows inconsistent results. This incon-
sistency is caused by the monocentric character of many
studies, differing MRI examination technology as well as
instruments or varying patient inclusion criteria (Al-Hattali
et al. 2019; Kuijs et al. 2015; Luo et al. 2013; Zhou et al.
2018). Additionally, in the past, MRI for non-palpable lymph
nodes was mostly not focused on the detection of axillary
lymph node metastasis in patients with BC. Instead, the rea-
son for an additional MRI was inter alia dense breast tissue
or invasive lobular mammary carcinoma (Bakker et al. 2019;
Baltzer et al. 2011).

Computed tomography is established for staging exams
in wake of BC rather than screening or diagnostic of a mam-
mary tumor itself. The specificity is reported to be about
40.00% (Marino et al. 2020). In our study, we could analyze
a sensitivity of 51.40% for the detection of infiltrated lymph
nodes for patients who received a CT as staging examina-
tion. This sensitivity is slightly lower than reported in the
literature (Yuen et al. 2004). However, it has to be consid-
ered that the focus of this diagnostic was the detection of
distant metastasis (Yuen et al. 2004). In this field, research
approaches compared the CT results before and after chemo-
therapy to evaluate the response in axillary lymph nodes.
This investigation could demonstrate promising results
(Wang et al. 2021).

The combination of advancing MRI technology and CT
staging, both focusing on axillary lymph nodes, could pos-
sibly improve sensitivity in the future. As CT examinations
of the chest and the abdomen are the standard staging proce-
dure for BC patients with high risk of metastasis formation,
this imaging data is already available (Ditsch et al. 2020).
During the period of data collection, we could detect an
increasing importance of the cross-sectional imaging.

The combination of all four imaging modalities reaches
a sensitivity of 68.89%. The combined evaluation of the
results as presented in Table 5 depicts clearly that cross-
sectional imaging contributes significantly to the increase
in sensitivity and underlines its importance.

The regression analysis in Table 6 for evaluating the influ-
ence of various clinical parameters on the sensitivity reveals
that tumor size, grading and the number of tumor-infiltrated
lymph nodes significantly influences the sensitivity of imag-
ing techniques. Large tumor spread, aggressive BC subtypes
and heavily tumor-infiltrated axillary lymph nodes lead to a
higher probability of being detected correctly. Table 7 illus-
trates that especially for tumors, smaller than 2 cm (pT1),
MRI is the best imaging. Moreover, cross-sectional imag-
ing significantly improves the sensitivity for the detection of
infiltrated lymph nodes in relation to conventional imaging
for the subgroup of BC patients with pT1 tumors. Whereas
CT, mammography and sonography show significantly lower
sensitivity values for the detection of tumor-infiltrated lymph
nodes for smaller breast tumors than for patients with large

tumor spread. Especially, pT1 tumors with high grading are,
however, at high risk of developing lymph node metastasis.
Especially, for this subgroup of BC patients, carrying out an
MRI could be valuable (Zhao et al. 2019).

For other clinical parameters such as age, intrinsic sub-
type, histological subtype and body mass index [BMI] we
could not prove any effect of image modality on the sensitiv-
ity of lymph node detection.

One of the main limitations of this analysis is the ret-
rospective data collection. The quality of the study could
be improved, if all patients had received all four imaging
modalities with focus on axillary infiltration of lymph nodes.
Because of the retrospective character of this analysis, we
cannot present complete imaging techniques for each patient.
Furthermore, the assessment of each imaging technique by
the same diagnostician would have reduced interobserver
variability. Another limitation of this analysis is the selec-
tion bias for imaging techniques. Patients, who received
additional MRI or CT imaging are mostly patients with
additional risk factors. Therefore, the probability of axillary
tumor infiltration is higher for this subgroup of BC patients
with cross-sectional imaging. Consequently, on the one hand
it seems possible, that in the group of “low-risk” BC patients
who did not receive additional cross-sectional imaging some
patients with tumor-infiltrated lymph nodes were overlooked
by conventional imaging. On the other hand, the effect size
for the advantage of cross-sectional imaging might have
become lower if all patients had received all four imaging
modalities with focus on axillary infiltration of lymph nodes.

Because of the retrospective character of this study, we
could not eliminate this statistical problem.

Despite these limitations, we could demonstrate that
cross-sectional imaging as MRI and CT in combination with
MRI can improve the diagnostic performance for detecting
tumor-infiltrated lymph nodes of BC patients. Current lit-
erature reports that MRI outperforms mammography and
ultrasound for the detection of early breast cancer.

Moreover, it reduces the exposure to radiation as well as
the potentially painful compression of the patient’s breast
during the imaging process (Mann et al. 2019). Therefore,
the increasing use of MRI technology for BC patients could
help to detect tumors at an earlier stage and help to identify
tumor-infiltrated axillary lymph nodes. The additional focus
of CT imaging on axillary lymph nodes could even improve
this trend. This could enable the use of technologies such
as the marked lymph node biopsy (MLNB) and targeted
axillary dissection (TAD). Consequently, patients at high
risk, who did not achieve complete remission during NAC,
could receive treatment with post-neoadjuvant therapeutic
strategies. Currently, some of these critical patients can be
deprived of a post-neoadjuvant treatment if tumor-infiltrated
lymph nodes in the axilla are not detected at the beginning
of cancer therapy.
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Conclusion

In summary, we could demonstrate that cross-sectional
imaging with MRI and CT can improve the sensitivity for
detecting tumor-infiltrated axillary lymph nodes in BC
patients. The increasing importance of NAC and post-NAC
therapeutic algorithms in the treatment of BC makes the reli-
able detection and marking of tumor-infiltrated lymph nodes
pivotal. Only the successful detection of a tumor-infiltrated
lymph node at the time of diagnosis allows the evaluation of
the response to NAC, thus allowing access to prognosis and
improving new post-neoadjuvant therapies.
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