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Abstract

Purpose To evaluate the prevalence of and factors asso-
ciated with internal mammary node (IMN) adenopathy on
MRI and PET/CT used for initial staging in patients with
operable breast cancer.

Methods A total of 1320 patients diagnosed with invasive
breast carcinoma between January 2011 and December
2015 underwent MRI and PET/CT for initial staging. The
patients were considered to have IMN adenopathy when
MRI revealed IMNs with the longest diameter of 5 mm or
greater and a standardized uptake value greater than that of
the mediastinal blood pool/contralateral parasternal area on
PET/CT. The prevalence was determined as overall per-
centage of patients with IMN adenopathy, as well as per-
centages among patients who received neoadjuvant
chemotherapy and those who did not. The association of
IMN adenopathy with factors was evaluated using multi-
variate logistic regression analysis.

Results Of the 1320 patients, 35 patients [2.7 %; 95 %
confidence interval (CI) 1.8-3.6 %] had IMN adenopathy,
with a total of 49 IMNs. Among patients without and with
neoadjuvant chemotherapy (n = 1092 and n = 228,
respectively), IMN adenopathy was identified in 13 (1.2 %;
95 % CI 0.6-2.0 %) and 22 patients (9.6 %; 95 % CI
6.0-14.6 %), respectively. Inner tumor location [odds ratio
(OR) 5.9; P =.002] and positive axillary lymph node
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status (OR 4.4; P < .0001) were associated with IMN
adenopathy.

Conclusions IMN adenopathy was identified at initial
staging with PET/CT and MRI with a prevalence of 2.7 %.
Inner tumor location and positive axillary lymph node
status were associated with IMN adenopathy.
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Introduction

In breast cancers, patients with internal mammary node
(IMN) adenopathy have a worse prognosis than those
without IMN adenopathy, as recognized by the 7th edition
of the American Joint Committee on Cancer staging cri-
teria. The presence of clinically detected IMN metastases
results in the upstaging of a patient to N2b in the absence
of axillary lymph node metastases and to N3b in the
presence of 1-9 axillary lymph node metastases [1].
Although the management of IMNs has long been debated,
previous studies demonstrate that treatment of IMNs with
radiation and/or adjuvant chemotherapy may improve
clinical outcomes in patients with advanced-stage breast
cancer [2, 3]. In addition, recent studies have shown that
irradiation of IMNs improves survival in patients with
early-stage breast cancer [4-6]. However, radiation therapy
to IMNs may cause cardiac toxicity and increase the rate of
major coronary events [7]. Therefore, the identification of
IMN adenopathy prior to the initiation of treatment is
important in the management of patients diagnosed with
breast cancer.

The optimal tool for evaluating IMN adenopathy has not
been established. Lymphoscintigraphy is one of the tools
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for the detection of IMN drainage; however, visualized
IMN drainage does not signify nodal involvement [8].
Internal mammary sentinel lymph node biopsy followed by
lymphoscintigraphy is the most definitive test to evaluate
IMNSs, but it is not a standardized practice, having variable
success rates and a relatively high rate of complications,
such as pleural breach and internal mammary vessel injury
[9, 10]. Positron emission tomography/computed tomogra-
phy (PET/CT) and breast magnetic resonance imaging
(MRI) have been used for initial staging in patients diag-
nosed with breast cancer with regard to the primary tumor
or axillary staging [11-14]. Extra-axillary lymph node
metastasis, including metastasis to the IMNs, as well as
distant metastasis, can also be evaluated using PET/CT
[14, 15]. Breast MRI, considered the most accurate imaging
modality for providing anatomical information about
bilateral breasts, allows visualization of the parasternal
area. To the best of our knowledge, few reports to date have
focused on IMN evaluation at initial staging using breast
MRI and PET/CT, and these have been limited to small
populations or patients only with advanced-stage breast
cancer [16, 17]. Assessment for the prevalence of and fac-
tors associated with IMN adenopathy using breast MRI and
PET/CT in patients with operable breast cancer may pro-
vide information crucial for the cancer management.

Therefore, the purpose of the current study was to
evaluate the prevalence of and factors associated with IMN
adenopathy on breast MRI and PET/CT used for initial
staging in patients with operable breast cancer.

Materials and methods

This study was approved by our institutional review board
and the requirement for informed consent was waived.

Study population

From a review of the breast imaging database of Kyung-
pook National University Medical Center, we identified
1441 consecutive patients with invasive breast cancer who
underwent both breast MRI and PET/CT before curative
surgery between January 2011 and December 2015. At our
institution, breast MRI and PET/CT have been routinely
performed for initial staging in patients with biopsy-con-
firmed breast cancer. Among the 1441 initial patients, we
excluded women with a past history of breast cancer
(n = 57), excisional biopsy (n = 50) before breast MRI
and PET/CT, and bilateral breast cancers (n = 14). The
remaining 1320 patients were included in this study.
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Image acquisition

Breast MRI was performed with the patient prone on a 3.0-
T system (Discovery MR750, GE Healthcare) with a ded-
icated four- or eight-channel surface breast coil. Each
patient received 0.1 mL/kg of gadobutrol IV (Gadovist,
Bayer Schering Pharma, Berlin, Germany) as the contrast
agent injected as a bolus at a rate of 1 mL/s. Axial T1-
weighted (TR/TE, 699/10.5; matrix, 352 x 256; slice
thickness, 3 mm); axial T2-weighted with fat saturation
(TR/TE, 8353/90; matrix, 384 x 256; slice thickness,
3 mm); axial T1-weighted with dynamically contrast-en-
hanced fat saturation images (TR/TE, 4.2/1.2; matrix,
288 x 416; slice thickness, 2 mm); and subtracted and
maximum intensity projection (MIP) images were also
generated. The parasternal area was adequately visualized
on all breast MRI examinations.

For PET/CT, whole-body scanning was performed on a
PET/CT system with a Reveal RT-HiREZ 6-slice CT
apparatus® (CTI Molecular Imaging, Knoxville, TN, USA)
and 16-slice CT Discovery STE PET/CT apparatus®,
16-slice CT Discovery 600 apparatus®, or 64-slice CT
Discovery 690 apparatus® (GE Healthcare, Milwaukee,
WI, USA) after patients had fasted for at least 6 h.
Approximately 3.7-5.55 MBq of ['*F]-fluorodeoxyglucose
(FDG)/kg of body weight was injected intravenously (IV),
and the patients were advised to rest for 1 h before image
acquisition. For attenuation correction before the PET scan,
a low-dose CT scan was obtained without contrast
enhancement from the base of the skull vertex continuing
to the knee with the patient in the supine position with
quiet respiration. PET was performed with a maximum
spatial resolution of 6.5 mm (Reveal PET/CT), 5.5 mm
(Discovery PET/CT), 5.1 mm (Discovery 600 PET/CT),
and 4.9 mm (Discovery 690 PET/CT) at 1.5 or 3 min per
bed position.

Image analysis

Two breast imaging radiologists (H.J.C and W.H.K., with 5
and 10 years of experience, respectively) and two nuclear
medicine physicians (D.HK and S.W.L, with 5 and
19 years of experience, respectively) retrospectively
reviewed the MRI and PET/CT images. Patients were
considered to have IMN adenopathy when MRI revealed
IMNs with the longest diameter of 5 mm or greater [16]
and a standardized uptake value (SUV) greater than that of
the mediastinal blood pool or parasternal area on PET/CT
[17, 18]. The location, size (short- and long-axis mea-
surements), L/S ratio (ratio of long- to short-axis diameter),
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shape (oval or round), and presence of fatty hilum for each
IMN were recorded.

The maximum SUV (SUVmax) of each IMN was cal-
culated using the volume viewer software on a GE
Advantage Workstation 4.3 (GE Healthcare) with the fol-
lowing formula:

SUVmax

__maximum activity in region of interest (MBq/g)
N injected dose (MBq)/body weight (g)

Method for confirmation

Histopathologic confirmation was not done to determine
IMN metastasis. Decrease in either size or SUV of IMN
after treatment in follow-up imaging including breast MRI
(n = 19), PET/CT (n = 21), and chest CT (n = 12) with
aforementioned imaging criteria was considered as IMN
adenopathy for metastatic lymphadenopathy.

Data collection and statistical analysis

Clinical data collected included age at cancer diagnosis and
status of neoadjuvant chemotherapy. The following
histopathological information was included from surgical
specimens and percutaneous biopsy results: histologic
tumor characteristics; tumor grade; estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor (HER2) status; and axillary nodal status.
The expression of ER, PR, and HER2 was assessed by
immunohistochemical staining. Expression of ER and PR
was quantified using the Allred score, considering a total
Allred score >2 as positive for ER or PR [19]. A HER2
value of 0 or 1 was considered negative (HER2-negative)
and a value of 3 was considered positive (HER2-positive).
A HER?2 value of 2 was considered equivocal; for equiv-
ocal cases, silver-enhanced in situ hybridization was per-
formed and a HER2/CEP17 ratio >2.0 or a HER2/CEP17
ratio <2.0 with an average HER2 copy number >6.0 were
considered positive (HER2-positive) [20]. Hormone
receptor (HR) positive status was defined as tumors
expressing ER and/or PR. The axillary lymph node status
was determined by surgical results, but in the neoadjuvant
chemotherapy group, the axillary lymph node status was
determined by the pathological results of fine-needle
aspiration or clinical nodal staging. Imaging findings of
tumor size and location were recorded.

The prevalence with 95 % confidence intervals (CIs)
was determined as the overall percentage of patients with
IMN adenopathy and the percentages among patients who

Table 1 Imaging characteristics of internal mammary node
adenopathy on BREAST MRI and PET/CT in 35 patients with 49
internal mammary nodes

Variable No. of internal
mammary nodes (%)

Location

First intercostal 20 (40.8)

Second intercostal 17 (34.7)

Third intercostal 7 (14.3)

Fourth intercostal 5 (10.2)
Size, long axis

<l cm 28 (57.1)

1-1.5 cm 15 (30.6)

>1.5 cm 6 (12.2)
Size, short axis

<0.5 cm 20 (40.8)

0.5-1.0 cm 24 (49.0)

>1.0 cm 5 (10.2)
Shape

Oval (L/S >1.5) 35 (71.4)

Round (L/S <1.5) 14 (28.6)
Fatty hilum

Absent 49 (100.0)

Present 0 (0.0)
Suv

1.5-2.0 14 (28.5)

2.04.0 19 (38.8)

>4.0 16 (32.7)

SUV standardized uptake value, L/S ratio of long- to short-axis
diameter

received neoadjuvant chemotherapy and those who did not.
The clinicopathological and imaging findings of patients
with and without IMN adenopathy were compared using
the Chi square test or Fisher’s exact test as appropriate. The
odds ratio (OR) and 95 % CI for IMN adenopathy were
calculated with univariate logistic regression analysis, and
variables with P < .10 were selected for the final multi-
variate model. All statistical analyses were performed with
statistical software (SPSS version 24.0 software; Chicago,
IL, USA), and P < .05 was considered to indicate a sta-
tistically significant difference.

Results
Study population

The median age of the 1320 patients was 49.0 years (range
25-83 years). The median tumor size was 2.4 cm (range
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Fig. 1 Images of a 58-year-old woman with internal mammary
adenopathy on both breast MRI and PET/CT examinations. a T1-
weighted axial contrast-enhanced breast MR image shows a 2.4-cm
mass (arrow) in the right inner breast. b, ¢ T2-weighted axial breast
MR image and TI1-weighted axial contrast-enhanced breast MR

0.4-12 cm). Of the 1320 patients, 228 patients (17.3 %)
received neoadjuvant chemotherapy before curative sur-
gery. Based on the tumor size at initial staging, 1086
patients (82.3 %) had tumors with the longest diame-
ter <5 cm, and 234 patients (17.7 %) had tumors with the
longest diameter >5 cm. Of the 228 patients who received
neoadjuvant chemotherapy, 198 patients (86.8 %) had
clinically positive axillary lymph nodes. Of the 1092
patients who did not receive neoadjuvant chemotherapy,
307 patients (28.1 %) had pathologically positive axillary
lymph nodes.

Prevalence and characteristics of IMN adenopathy

On breast MRI and PET/CT, IMN adenopathy was iden-
tified in 35 patients (2.7 %; 95 % CI 1.8-3.6 %) with 49
IMNSs; 24 patients (68.6 %) had one positive IMN, 7
patients (20.0 %) had two positive IMNs, 3 patients
(8.6 %) had three, and 1 patient (2.9 %) had four. In
patients without and with neoadjuvant chemotherapy, IMN
adenopathy was identified in 13 patients (1.2 %; 95 % CI
0.6-2.0 %) and 22 patients (9.6 %; 95 % CI 6.0-14.6 %),
respectively. The median SUVmax of 49 IMNs and 35
IMNs showing the maximum SUVmax per patient was 2.8

@ Springer

image show an 11-mm internal mammary node (arrow) in the first
intercostal space. d Axial PET/CT image reveals focal FDG uptake
(arrow) in the same location with a maximum standardized uptake
value of 4.1

(range 1.5-13.7) and 3.2 (range 1.5-13.7). The detailed
imaging characteristics of 49 IMNs are described in
Table 1. The median size of the IMNs was 1.0 cm in the
longest axis (range 0.6-2.1 cm) and 0.6 cm (range
0.3—1.4 cm) in the shortest axis. The median L/S ratio was
1.7 (range 1.0-3.5). All IMNs showed loss of fatty hilum.
The first intercostal space was the most frequent location of
IMN adenopathy (n = 20, 40.8 %) (Fig. 1).

Factors associated with IMN adenopathy

On univariate analysis, factors associated with IMN
adenopathy were larger (>5 cm) tumor size (P = .007),
tumor location (P = .001), and positive axillary lymph
node status (P < .0001) (Table 2). On multivariate analy-
sis, inner tumor location (P = .002) and positive axillary
lymph node status (P < .0001) were independently asso-
ciated with IMN adenopathy (Table 3).

Discussion
Although the incidence of IMN metastasis has been

reported in old series of surgical IMN evaluation from
extended mastectomy [21, 22], the detection of IMN
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Table 2 Comparison of clinicopathologic and imaging findings between patients without and with internal mammary node adenopathy
Variable Patients without Patients with OR 95 % CI P value
IMN adenopathy IMN adenopathy
(n = 1285)* (n = 35)*
Age (years) 494
<50 646 (50.3) 20 (57.1) 1.00
>50 639 (49.7) 15 (42.9) 0.76 0.39, 1.49
Tumor size .007
<S5cm 1088 (84.7) 23 (65.7) 1.00
>5 cm 197 (15.3) 12 (34.3) 2.88 1.41, 5.89
Tumor location .001
Outer 539 (41.9) 6 (17.1) 1.00
Central 401 (31.2) 11 (31.4) 2.46 0.90, 6.72
Inner 234 (18.2) 9 (25.7) 3.46 1.22,9.82
Multicentric 111 (8.6) 9 (25.7) 7.28 2.54, 20.88
Histologic tumor characteristics 35 789
Ductal, NOS 1172 (91.2) 33 (94.3) 1.00
Lobular 44 (3.4) 1(2.9) 0.81 0.11, 6.04
Others® 69 (5.4) 1(2.9) 0.52 0.07, 3.82
Tumor grade® 277
Low 182 (14.4) 2 (5.7) 1.00
Intermediate 714 (56.5) 20 (57.1) 2.55 0.59, 11.01
High 368 (29.1) 13 (37.1) 3.22 0.72, 14.40
Hormonal receptor status 116
Positive 959 (74.6) 22 (62.9) 1.00
Negative 326 (25.4) 13 (37.1) 1.74 0.87, 3.49
HER?2 status .062
Negative 982 (78.2) 22 (64.7) 1.00
Positive 274 (21.8) 12 (35.3) 1.96 0.96, 4.00
Axillary lymph nodal status < .0001
Negative 805 (62.6) 10 (28.6) 1.00
Positive 480 (37.4) 25 (71.4) 4.19 2.00, 8.81

IMN internal mammary node, CI confidence interval, OR odds ratio, HER2 human epidermal growth factor receptor 2, NOS not otherwise

specified
* Data are numbers of patients, with percentages in parentheses

" Limited to patients (n = 1299) with available tumor grade results

¢ Others include mucinous (31), metaplastic (18), papillary (8), tubular (7), adenoid cystic (3), medullary (2), cribriform (1)

adenopathy by imaging, especially breast MRI, has rarely
been investigated. In the present study, we evaluated IMN
adenopathy detected by imaging with breast MRI and PET/
CT at initial staging in a population of 1320 patients with
breast cancer, and found the prevalence of IMN adenopa-
thy to be 2.7 % overall, 1.2 and 9.6 % in groups without
and with neoadjuvant chemotherapy. We also described the
characteristics of IMN adenopathy on breast MRI showing
significant FDG uptake on PET/CT; all IMNs were dis-
cretely observed on breast MRI with a median size of 1 cm
and loss of fatty hilum.

Our study suggests that breast MRI, in spite of contro-
versy regarding its generalized use as a preoperative

staging modality, could be useful as an imaging tool to
assess extra-axillary lymph node metastasis including the
parasternal area [23-25]. Furthermore, breast MRI could be
used to identify IMN adenopathy in early-stage breast
cancer in which PET/CT may not routinely be performed
for initial staging. Recently, there has been renewed
interest in the elective irradiation of the regional lymph
nodes including the IMNs and the medial supraclavicular
lymph nodes due to its favorable effects and the improved
techniques available for its delivery. The results of the
European Organization for the Research and Treatment of
Cancer 22922/10925 study showed improved disease-free
survival and distant disease-free survival with irradiation of
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Table 3 Multivariate analysis of factors associated with internal
mammary node adenopathy

Variable OR 95 % CI P value
Tumor size

<5cm 1.00

>5 cm 1.65 0.52-5.29 .397
Tumor location .019

Outer 1.00

Central 2.90 0.99-8.51 .053

Inner 5.88 1.89-18.29 .002

Multicentric 3.83 0.92-15.86 .065
HER?2 status

Negative 1.00

Positive 1.44 0.68-3.07 .345
Axillary lymph nodes status

Negative 1.00

Positive 4.35 1.93-9.79 < .0001

OR odds ratio, CI confidence interval; HER2 human epidermal
growth factor receptor 2

IMNs and medial supraclavicular lymph nodes [5]. In the
Danish Breast Cancer Cooperative Group 82b and 82c
trials, irradiation of IMNs also increased overall survival in
patients with early-stage node-positive breast cancer [4].
Therefore, the careful identification of IMN adenopathy on
breast MRI as well as PET/CT, with knowledge of its
prevalence and associated factors, is increasingly impor-
tant in order to provide patients with the opportunity to
receive adjuvant therapy including radiotherapy and/or
chemotherapy.

In our study, most of the patients had relatively small
tumors (<5 cm, 82.3 %) and did not undergo neoadjuvant
chemotherapy (82.7 %). As a result, the overall prevalence
of IMN adenopathy (2.7 %) was lower in our study than
that observed in prior studies that focused on patients with
advanced-stage breast cancer. In a prior study with PET/
CT, the authors found that 9 % (110/1259) of patients had
positive IMNs with unknown population characteristics
regarding the primary tumor size or neoadjuvant
chemotherapy [26]. Another study, involving patients with
neoadjuvant chemotherapy, demonstrated a prevalence of
IMN adenopathy of 16 % (14/90) on PET/CT and MRI;
this was also higher than the rate of 10 % (22/228)
observed in the group with neoadjuvant chemotherapy in
the present study [17].

The current study also confirmed that inner tumor
location and positive axillary lymph node status were
independently associated with IMN adenopathy. These
findings are largely consistent with those of previous
studies, which have shown that the risk of IMN involve-
ment is higher in patients with larger primary tumors,
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medial tumors, positive axillary nodes, and age younger
than 50 years [2, 6, 27]. Among the risk factors, it is
notable that inner tumor location was associated with the
highest risk for IMN adenopathy (OR 5.9) in our results.
This finding can be explained by the lymphatic drainage
pattern of the breast, in which IMN drainage is significantly
more common from quadrants other than the upper outer
quadrant, although drainage to the IMN occurs in all
quadrants [8]. However, in contrast to prior studies, inde-
pendent association of IMN adenopathy with larger tumor
size was not shown in our multivariate analysis, although
there was a significant association in univariate analysis. In
addition, younger age (<50 years) was not significantly
associated with IMN adenopathy in our findings.

The major limitation of our study is that all IMNs were
presumed pathologic according to a reference standard
based on our imaging criteria and follow-up imaging
without  histopathologic confirmation. However,
histopathologic confirmation of IMNs is not a standard
practice in many institutions, and IMNs have more com-
monly been evaluated by imaging studies, particularly with
PET/CT. Nonetheless, specific imaging criteria for IMN
involvement have not been established. In previous studies
using PET/CT, positive IMNs were determined visually
[17, 26, 28]; the mean SUVmax ranged from 3.5 to 3.7, and
the ranges of SUVmax varied from 0.9 to 20.3. In our
study, the median SUVmax per patient was 3.2 and the
ranges were 1.5-13.7. For breast MRI, according to a
recent study involving screening for high-risk patients,
non-malignant IMNs were visualized with an average size
of 4-4.5 mm (range 2-10 mm) and a visible fatty hilum or
a normally shaped lobular or oval appearance with cir-
cumscribed margins [29, 30]. In contrast, the size range of
presumed metastatic IMNs in a previous study was
7-22 mm [17], and the range was 6—21 mm with a median
size of 11 mm and loss of fatty hilum in all IMNs in the
current study.

Our study has several other limitations. This was a ret-
rospective study performed at a single institution. Although
breast MRI and PET/CT for initial staging in consecutive
patients newly diagnosed with breast cancer were routinely
performed during this period, we did not control for a
possible selection bias of patients who underwent breast
MRI and PET/CT. In addition, this study did not evaluate
the IMNs observed on breast MRI that did not show
increased FDG uptake on PET/CT in patients with breast
cancer, and further studies are warranted to explore the
prevalence or prognostic value of IMNs seen on MRI not
showing increased FDG uptake on PET/CT.

In conclusion, IMN adenopathy was identified at initial
staging with PET/CT and MRI with a prevalence of 2.7 %
in patients with operable breast cancer. Inner tumor
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location and positive axillary lymph node status were
independently associated with IMN adenopathy.
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