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Objective: To determine incidence of internal mammary
nodes (IMN) at baseline CT of locally advanced breast
cancer (LABC) and ascertain prognostic implication.
Methods and materials: Retrospective review of all LABC
patients from 1 January 2012 through 31 December 2014
was performed after approval from institutional review
board. CTs of 182 patients enrolled were reviewed by two
radiologists independently, and IMNs were documented
based on size, location and relation with location of
breast primary. 3-year follow-up was analysed and inci-
dence of metastases was calculated as overall incidence,
incidence in patients with and without discernible IMN at
baseline imaging. Results are presented as numbers and
percentages. Differences in metastases of two groups
were compared using y? test. 95% Cl was calculated and
p < 0.05 was considered significant.

Results: 77 of 182 had identifiable IMN (42.3% inci-
dence). Majority of identifiable nodes were on ipsilateral

INTRODUCTION

Breast cancer is the most common cancer affecting females
worldwide. With the growing emphasis on personalised
medicine to deliver treatment according to biology of
tumour, a precise staging of breast cancer is needed. The
staging includes a comprehensive clinical examination and
imaging.

Clinically, the breast cancers may be classified as': oper-
able breast cancer, locally advanced breast cancer (LABC)
and metastatic breast cancer. AJCC-TNM (American
Joint Committee on Cancer Tumor Node Metastasis) clas-
sification” is widely employed in staging breast cancer.
LABC includes stages IIB (T3NOMO), III and IV. Hence,
the following are considered as locally advanced: (1), any
tumour >5 c¢cm in maximum dimensions; (2), tumour
involving the chest wall; (3), tumour with skin involvement
which includes skin oedema, peau d’ orange, ulceration of

side of primary (incidence 90.90%) with higher inci-
dence in patients with upper-outer quadrant tumours
(55.9%). Majority were seen in second intercostal space
(44.4%). 36 (19.7%) developed distant metastases
within 3 years of therapy. Of these, 21 (27.3%) had IMN
as compared with 15 (14.3 %) without IMN on baseline
imaging. Patients with identifiable IMN on baseline CT
had significantly higher incidence of distant metastases
(p = 0.0321).

Conclusion: Significant number LABC patients have
identifiable IMN on baseline imaging with patients
showing IMN on baseline CT showing significantly higher
rate of metastatic disease following therapy.

Advances in knowledge: Many LABC patients have
identifiable IMNs on baseline imaging which show higher
incidence of subsequent metastatic disease.

overlying skin and/or satellite nodules; and (4), clinically
extensive nodal involvement: N2 or N3 disease. In addition,
the following scenarios are also regarded as LABC: (a), T2
tumours but appearing large in proportion to size of the
breasts® and (b), inflammatory breast cancer.* Different
types of LABC have been tabulated in Table 1.> Example of
a LABC is shown in Figure 1.

The main draining group of lymph nodes for breast is the
axillary group. The internal mammary group constitutes
an important pathway of lymphatic drainage which lies
along the internal mammary vessels (shown in Figure 2).
These get involved by the disease when there is obstruc-
tion of lymphatics to the axillary group by tumour cells.
It is very rare to find isolated internal mammary node
(IMN) metastases in absence of enlarged axillary nodes.®
This pathway is also important in cases of breast cancer
that have undergone surgery with axillary node clearance.
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Table 1. Locally advanced breast cancer: different clinical
presentations

Operable breast cancer at
initial presentation

Inoperable breast cancer
at initial presentation

STAGE IIB STAGE IIIB
T3NOMO T4a (skin), T4b (chest wall)
or T4c (both skin and chest wall)
stage.
STAGE IITA STAGE IIIC

T3 tumour with any N stage
N2 stage with T1, T2 or T3
stage

N3 stage with any T stage.

Also, may be considered as locally advanced breast cancer

T2 tumours but appearing large in proportion to size of the breasts
Inflammatory Ca breast — T4d.

The postoperative status results in blockade in axillary drainage
and opens up alternate pathways such as IMN. Hence, recurrent
breast cancers in IMN are quite common. Metastases to IMN
have been well-documented as site of metastases and also as an
important independent prognostic factor.”

Few studies have demonstrated that PET-CT has higher sensi-
tivity as compared with contrast-enhanced CT (CECT) in
detecting IMN. An 85% sensitivity and 90% specificity have been
reported for PET by Eubank et al.® Another study by Segaert et
al compared sensitivity of PET-CT with that of CECT.” They
reported 100% sensitivity and 85% specificity of PET-CT as
opposed to sensitivity of 67% for CECT. Another large study by
Wang et al' retrospectively analysed baseline PET/CT imaging
of patients and correlated the findings with fine needle aspiration
cytology (FNAC) (ultrasound-guided) of IMN. They concluded
that high-grade tumours, tumours with evidence of lympohovas-
cular spread and triple negative breast cancers (cancers which
are negative for all hormonal receptors: estrogen receptor (ER),
progesterone receptor (PR) and HER2/Neu) were high-risk
factors for internal mammary nodal metastasis.
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The purpose of our study was to determine the incidence IMN
on baseline CT in patients with LABC. We also correlated its
association with metastatic disease by detecting the incidence
of metastatic disease at other sites in cohorts with and without
enlarged IMN at baseline imaging over follow-up.

METHODS AND MATERIALS

This is a single institute retrospective study performed after
approval from institute review board. Patients with clinical
LABC undergo CECT of thorax, abdomen and pelvis along with
bone scan at our institute as a part of staging. Waiver of consent
was obtained from the ethics committee for this retrospective
study to audit the scans and review the medical records of these
patients.

Patients

A retrospective review of our database of all consecutive LABC
patients presenting from 1 January 2012 through 31 December
2014 was performed. All consecutive patients with clinical and
operable LABC were screened. Patients found to have distant
metastases at baseline imaging were excluded from the study.
A total of 196 consecutive patients of LABC were screened. Of
these, 14 patients had metastatic disease on baseline study and
hence were excluded. A total of 182 patients were enrolled in the
study. All patients were females and the age ranged from 25 to 82
years. All underwent treatment with curative intent: 131 patients
underwent breast conservative surgery and 51 patients under-
went mastectomy.

Imaging

All LABC patients undergo CECT scan of thorax, abdomen and
pelvis along with Technetium methylene diphosphonate (**™Tc-
MDP) bone scan as part of metastatic work-up at our institute.
These patients underwent CECT on a 16-slice multidetector CT
scanner (Siemens Somatom Sensation 16, Seimens Healthineers,
Erlangen, Germany) after administration of 80-100 ml intrave-
nous contrast medium. The parameters employed were:150 kVp,
150-300 mA, 25 mm collimation, 1.5 mm slice thickness and
70 cm display FOV. The patients were scanned in supine posi-
tion. Soft copy reconstructions were performed on dedicated

Figure 1. 51-year-old female with locally advanced breast cancer of right breast. Contrast-enhanced CT scan in axial (A) and sagit-
tal (B) planes. A large right breast malignancy (*) involving nearly all quadrants, with involvement of overlying skin and underlying
muscle: T4c. Also seen is enlarged internal mammary node (arrows).
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Figure 2. Location of internal mammary nodes (IMN). Oblique coronal views (A & B) and oblique coronal views with maximum
intensity projection (MIP) (C and D). The above images show course of internal mammary arteries in parasternal region. The ves-
sels are better visualised on MIP images. IMN are located along these vessels as shown by the arrows.

workstations. The radiological reports and images were reviewed
by two radiologists independently on a dedicated workstation
after obtaining multiplanar reformats (Figure 3). One radiologist
has experience of 30 years in breast radiology and another 3 years
of experience in radiology. In cases of discrepancy, a consensus
meeting was carried out. Nodes were not classified as benign or
pathological based on imaging characteristics. All identifiable
IMNs were documented in terms of size in short axis, number
of nodes and their location with respect to the intercostal space.
They were also documented as to whether they were ipsilateral
or contralateral. The incidence of IMN with respect to location
of breast primary quadrant location was also calculated. Correla-
tion of these patients with tumour biology was carried out.
Follow-up medical records of these patients up to 31 December
2017 were reviewed to look for development of distant metas-
tases to sites like liver, lung, non-regional nodes, bones, brain
etc. All patients” follow-up notes by treating physicians are docu-
mented digitally on our electronic medical records system. No
patient was lost to follow-up or succumbed during follow-up.
Metastases were considered when the patients had unequivocal
imaging findings of metastases, subsequently proven on FNAC
and/or fluid cytology.

Statistical analysis

Descriptive statistical analysis was performed. The incidence of
identifiable IMN on imaging of these patients was determined.
The distribution of these nodes with respect to their size and
location in intercostal space was assessed along with incidence
with respect to quadrant location of breast primary and inci-
dence of nodes present on the ipsilateral or contralateral side.
Incidence of distant metastases over follow-up in these patients
was calculated. Incident rates of distant metastases in patients
with and without identifiable IMNs on follow-up were also
calculated. The differences in rates of metastases of two groups
were compared using % test and 95% confidence interval (CI)
with null hypothesis that there is no difference in metastatic rates
between patients showing IMN and patients not showing IMN
on baseline imaging. A p-value of less than 0.05 was considered
significant. Medcalc statistical software was used to calculate the
p-value.

Results

Of 182 patients enrolled, IMNs were identified in a total of
77 patients (age range from 25 to 82 years). All patients were
females. The incidence of IMN in LABC in our study was 77/182
(42.3%). The demographics and follow-up analysis have been
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Figure 3. 43-year-old female with right LABC. Role of multiplanar imaging. Axial (A), Sagittal (B), Coronal (C) and Oblique Coro-
nal images to visualise the internal mammary nodes (IMN). Sagittal images are useful to locate the IMN (arrows) with respect to
the intercostal space. Oblique coronals define the relation with internal mammary vessels well. The method of measuring IMN in
short axis (A) is demonstrated. Note of enhancing large tumour (>5 cm) (*) in right breast made.

tabulated in Table 2. A total of 115 nodes were identified in these
77 females with an average of 1.5 nodes per female. The average
size of these 115 nodes was 6.7 mm. The distribution of internal
mammary with respect to size, intercostal spaces, relation with
breast primary quadrant and laterality with respect to primary is
presented in Table 3.

Table 2. Patient demographics of the study

55.7% (64/115) of identifiable IMNs were greater than 6 mm in
size. Majority of the IMNs were localised to the second inter-
costal space [51/115 (44.4%)]. In our study, incidence of IMN
was higher with upper-outer quadrant of breast tumours [61/115
(53.0%)]. 70 out of 77 patients had ipsilateral internal mammary
adenopathy (90.9%), whereas only one patient had contralateral
internal mammary adenopathy (1.3%). Six patients had bilat-
eral internal mammary adenopathy (7.8%). Histopathological

Percentage

Patient Subset Total Number (%)
Consecutive LABC patients presenting from 1 January 2012 to 31 December 2014 196

Distant metastases on baseline imaging (excluded from the study) 14 7.1
Number enrolled 182 92.9
Identifiable IMN on CT scan 77 423
Without any identifiable nodes on CT scan 105 57.7
Lost to follow-up 0 0
Distant metastases on follow-up 36/182 19.8
Distant metastases on follow-up and identifiable IMN at baseline imaging 21/77 27.3
Distant metastases on follow-up and without any identifiable IMN at baseline imaging 15/105 14.3
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Table 3. Size, location and laterality distribution of identifi-
able internal mammary nodes (total nodes identified in 77
patients were 115)

Number of Percentage
Nodes (%)

Size (measured in short axis) distribution of identifiable internal
mammary nodes (IMN)

<4 mm 23 20.0
4-6 mm 28 244
6-8 mm 29 252
8-10 mm 16 13.9
>10 mm 19 16.5

Distribution of identifiable IMN with respect to intercostal space

first Intercostal space 40 34.8
second Intercostal space 51 444
third Intercostal space 19 16.5
fourth Intercostal space 5 43

Location of identifiable IMN with respect to breast primary quadrant
location

Upper outer quadrant 61 53.0
Upper inner quadrant 17 14.8
Lower outer quadrant 11 9.6
Lower inner quadrant 10 8.7
Multicentric or tumour 16 13.9

involving all quadrants

Laterality of identifiable IMN with respect to breast primary

Ipsilateral 70/77 90.9
Contralateral 1/77 1.3
Bilateral 6/77 7.8

grading and hormonal receptor status were also reviewed and
correlated with these patients. Details of same has been tabulated
in Table 4.

Follow-up records of all these patients upto 31 December 2017
were reviewed to look for occurrence of distant metastases.
All 182 patients underwent treatment with curative intent: 131
patients underwent breast conservative surgery and 51 patients
underwent mastectomy. All patients received adjuvant radio-
therapy and chemotherapy. None were lost to follow-up. 36/182
(19.8%) of patients developed distant metastases. Of these, 21/77
(27.3%) of patients had baseline identifiable IMN as compared
with 15/105 (14.3%) without identifiable IMN on baseline CT.
Patients with identifiable IMN on baseline CT had significantly
higher incidence of distant metastases (p = 0.0321). The odds
ratio and relative risk (Table 5) were calculated using Medcalc
Software. The relative risk for development of distant metastases
in patients with identifiable internal nodes on baseline imaging
was found to be 2.2 with 95% CI of 1.2003 to 3.9660. The p-value
was found to be 0.0321 with 95% CI of 1.0715 to 4.7245 (statis-
tically significant).
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DISCUSSION

LABC:s are clinically advanced tumours and have a greater prob-
ability of distant metastases. Breast cancers are treated with
a combination of surgery, adjuvant chemotherapy and radio-
therapy depending on the stage at presentation.”>'' LABCs
are offered multimodality/multidisciplinary treatment, which
include neoadjuvant chemotherapy, surgery, loco regional radio-
therapy and adjuvant chemotherapy. More and more advanced
tumours are being offered breast conservation surgeries after
instituting adequate neoadjuvant chemotherapy. Hence, these
require a comprehensive metastatic workup. The various imaging
modalities employed include chest radiograph, ultrasound of
abdomen and pelvis, Technetium methylene diphosphonate
(®™Tc-MDP) bone scan, CECT scan of thorax, abdomen and
pelvis and seldom PET-fluoride for skeletal metastases. CT is
recommended for clinically advanced breast cancers. It serves to
assess the locoregional extent (primary, axillary, supraclavicular
adenopathy etc.) and for evaluating enlarged IMN and distant
metastases involving lungs, liver, adrenals, bones etc. Fluorode-
oxyglucose (18F-FDG) PET/CT is also useful and is more sensi-
tive to detect suspicious IMN. 10

Lymphatic drainage of breast'?'

IMN are an important accessory pathway of lymphatic drainage
in breast tumours. These are important site of tumour spread
both at the time of presentation and as a site of disease recur-
rence. These lymphatics may be involved in a retrograde manner
from blockage of axillary lymphatics due to obstruction by
tumour cells. Postoperatively, the axillary lymphatics may also be
blocked and result in drainage to the IMN. There is intricate anas-
tomosis between the lymphatics of breast and overlying dermal
lymphatics. This was first described by Oelsner and proved by
Rouvie're. Locoregional spread of breast cancers has largely been
studied by either injecting dyes or radioactive substances. These
have demonstrated that there are no rigid compartmentalisa-
tion of the breast lymphatics. Breast lymphatics accompany the
ducts of breast tissue. From here on, they drain into the plexus
of Sappey in subareolar region'* and then into the axillary group
mainly via two lymphatic trunks, the lymphatica mammaria

magna."”

Some studies have validated IMN as an independent prognostic
factor in breast cancers.'® These studies have shown decreased
survival and increased rate of distant metastases. In another large
series of patients, 10-year survival rates for patients with histo-
logically documented internal mammary nodal metastases were
calculated, which revealed that survival rates in axillary nodal
metastases to that of internal mammary nodal metastases were
identical.'” In addition, it was found that there was considerable
reduction in 10-year survival rate with concomitant metastases
to axillary and internal mammary group nodes. In another study;,
the survival was significantly lower in patients presenting with
internal mammary nodal metastasis as compared with those
presenting with axillary nodal metastases.'®

Imaging has come to play an important role in detection of suspi-
cious IMN. The gold standard for ascertaining metastatic status
of IMN is surgical sampling. However, majority of surgeons do
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Table 4. IMN and tumour biology
IMN and Correlation with Tumour Grade
Identifiable IMN on Baseline CT (n = 77) No Identifiable IMN on Baseline CT (n = 105)
Grade 1 0 0% Grade 1 01 0.01%
Grade 2 6 7.80% Grade 2 13 12.38%
Grade 3 71 92.20% Grade 3 91 87.61%
Identifiable IMN with subsequent Metastases (n = 21) No Identifiable IMN with subsequent Metastases (n = 15)
Grade 1 0 0% Grade 1 0 0%
Grade 2 2 9.52% Grade 2 0 0%
Grade 3 19 90.48% Grade 3 15 100%
IMN and Correlation with Hormonal Receptor Status
Identifiable IMN on Baseline CT (n=77) No Identifiable IMN on Baseline CT (n = 105)
ER PR Her2/Neu ER PR Her2/Neu
+ + + 10 12.99% + + + 10 9.52%
+ + - 19 24.66% + + - 35 33.33%
+ - - 9 11.69% + - - 8 7.62%
- - + 13 16.88% - - + 15 14.29%
- + + 0 0% - + + 1 0.10%
+ - + 3 3.90% + - + 3 2.86%
- + - 0 0% - + - 0 0%
- - - 23 29.88% - - - 33 32.28%
Identifiable IMN with subsequent Metastases (n = 21) No Identifiable IMN with subsequent Metastases (n = 15)
ER PR Her2/Neu ER PR Her2/Neu
+ + + 1 4.76% + + + 2 13.34%
+ + - 6 28.57% + + - 5 33.33%
+ - - 3 14.29% + - - 0 0%
- - + 6 28.57% - - + 2 13.34%
- + + 0 0% - + + 0 0%
+ - + 1 4.76% + - + 1 6.66%
- + - 0 0% - + - 0%
- - - 4 19.05% - - - 5 33.33%
Table 5. Odds ratio and relative risk
Internal mammary nodes seen | No internal mammary nodes seen
on baseline imaging on baseline imaging Total
Distant metastases on 3 years follow-up 21 15 36
No distant metastases on 3 years follow- 56 90 146
up
Total 77 105 182

Odds ratio results

Relative risk results

Odds ratio 2.3

Relative risk 2.2

95% Confidence interval 1.0715 to 4.7245
Z statistic 2.143

Significance level p = 0.0321

Effect Size 2.25

95% Confidence interval 1.2003 to 3.9660
Z statistic 2.559
Significance level p = 0.0105
NNT (Harm) 6.769
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not practice sampling of IMN during breast surgery. Two large
studies by European group performing sampling of IMN have
reported overall improved survival in these patients: due to reali-
sation of more tailored therapy and more accurate staging.'*° It
has also been shown that undetected metastatic IMNs, especially
in inner quadrant tumours, have worse prognosis.21

Imaging for IMN is also largely unexplored. However, to the best
of our knowledge, there are no large prospective trials estab-
lishing size criteria for abnormal IMN. However, a recent study
showed average size of IMN to be 4.5 mm in patients who under-
went high-risk breast MRI screening without any proven malig-
nancy.* Similarly, there is need to compare the various imaging
modalities (CT, PET-CT, MRI) for sensitivity and specificity in
detection of IMN. It must be noted that normal appearing or
non-visualisable IMNs may still be sites of micrometastases.

The management of IMN is controversial. In early 19th century,
these were routinely sampled along with radical breast surgeries.
However, subsequently, randomised controlled trials demon-
strated no significant difference in survival rates of patients’
undergoing IMN sampling versus those undergoing no sampling
of these nodes. Three major randomised control trials demon-
strated no benefit in terms of survival rates.”*** Following this,
the practice of IMN sampling was given up as these procedures
involved considerable morbidity.* Later, suspicious IMNs were
offered radiation. However, this is associated with consider-
able cardiac morbidity. Hence, even in patients with visualised
primary IMN drainage, the potential benefit of treatment should
be balanced against the risk of added morbidity.

Recent studies have shown that suspicious IMN is a significant
prognostic factor for long-term survival in patients with breast
cancer. Presence of IMN is associated with a worse prognosis.
In addition, the incidence of IMN is more commonly seen in
inner quadrant tumours®’ and with ER/PR positive status.
IMN are also an important site for recurrent breast cancer.?® A
recent study evaluated locoregional failures involving IMN and

BJR

found that patients with isolated IMN recurrences had longer
survival if treated with aggressive therapies.”” Another study
found that radiologically abnormally appearing IMN were more
often associated with aggressive tumour biology (higher tumour
grade, ER negative status) and advanced stage.”® These patients
responded well to radiation therapy without any need for surgical
intervention.

Out study revealed that nearly half the patients with LABC show
identifiable IMN on baseline imaging and that these patients
showed statistically significant higher rates of metastases as
compared with patients without any identifiable IMN on base-
line imaging (p = 0.0321).

The incidence of IMN was highest in second intercostal space,
followed by first intercostal space. Majority of IMN were iden-
tified on the same side of primary. In our study, the incidence
of IMN was higher in upper-outer quadrant tumours. However,
this finding may have been confounded by the fact that upper
outer quadrant tumours have a considerably higher incidence in
general.

The limitation of our study was less sample size for analysis of
calculation of incident rates. In addition, the study was limited to
a single institute. Also, no similar study calculating incident rates
of IMN has been published so far to our knowledge. Further
prospective studies are needed for ascertaining same.

CONCLUSION

We conclude that IMNs are an important prognostic factor in
LABC and these should be reported (whether present or absent)
in all cases of breast cancer undergoing cross-sectional imaging
for appropriate management.

Future directions
A synoptic reporting of breast cancer baseline imaging with
reporting of IMN is suggested with emphasis on size, location
and number of IMN.
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