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ABSTRACT

Introduction: This study describes the results of internal mammary chain (IMC) biopsy,
identifying factors that predict ‘hot spots’ and nodal metastases for patients in whom
mapped IMC nodes were routinely dissected.
Methods: The nodal basin and status of every axillary and IMC site identified by lympho-
scintigraphy were examined. Binary logistic regression analysed the relationship of several
patients and tumour factors with IMC hot spots and metastases.
Results: Ninety of 490 patients (18.4%) had IMC sentinel lymph nodes (SLNs) identified by
lymphatic mapping and dissected, and 20 of these (22.2%) were found to have metastases.
Mapping to the IMC was most likely for women aged under 35 years (29.4%) (p =0.117),
women aged 35-44 (22.6%) (p = 0.034) or those with medial (23.7%) or central tumour loca-
tion (22.2%) (p = 0.014; p = 0.062, respectively). Predictors of IMC positivity included age <35
years (p=0.063), grade 3 histology (p=0.018) and lymphatic vascular invasion (LVI)
(p =0.032). Although IMC positivity was more likely with positive axillary nodes, this trend
was not significant.
Conclusion: We identified several factors (age <35 years, tumour grade and LVI) that inde-
pendently predict IMC SLN identification and positivity for patients with stage I or II breast
cancer. Where IMC hot spots are not dissected, we predict IMC positivity of 50% or more for
young women (<35 years) or women with high grade or LVI positive tumours, and these
women may benefit from more intensive chemotherapy and radiotherapy to the IMC.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

sive technique may reveal micrometastases that may not
have been identified during the examination of nodes from

The use of lymphatic channel mapping to identify the first
draining nodes or sentinel lymph node (SLN) for patients with
breast cancer has been rapidly adopted as the standard of
care for the staging and management of early breast cancer.
For some women, the analysis of the SLN may yield as much
or more staging information than from a complete axillary
dissection. Histological examination of the sentinel node (or
nodes) is often more detailed with finer sections and the
use of immunohistochemical techniques. This comprehen-
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a routine axillary dissection without a SLN biopsy.
Lymphatic mapping has the added advantage of identify-
ing sentinel nodes in extra-axillary sites, typically the internal
mammary chain (IMC) or nodes that ‘skip’ level 1 and drain to
level 2 or 3 of the axilla, or, rarely, to the supraclavicular fossa
(SCF) or opposite axilla. Management of patients whose SLNs
were identified as being in the IMC remains controversial,
particularly as detection rates may vary according to the lym-
phoscintigraphy technique used.! Some hold the opinion that
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detection of disease in the IMC may not alter treatment or
prognosis, but increases the risk of complications. Although
doubts have been expressed about the use of extra-axillary
sentinel node biopsy (SNB) for staging patients with breast
cancer,? internal mammary node involvement is an adverse
prognostic indicator of increased distant metastases and re-
duced survival, even in the absence of axillary disease.>™

The case for IMC biopsy is based on an assumption that
treatment to all regional node sites may improve outcome.
Studies of post-mastectomy radiotherapy, many of which in-
cluded radiation to the IMC, have shown that reductions in
breast cancer mortality are associated with increases in rates
of loco-regional control.® It, therefore, makes intuitive sense
to maximise disease control not only in the axilla but also
in the IMC region. Although recurrences are rare in the IMC
region, one cannot exclude an increased rate of metastatic
disease due to secondary seeding from persistent disease,
as argued by Hellman in his ‘spectrum theory’.” Evidence
from both the Early Breast Cancer Trialists’ Group meta-anal-
ysis® and Orr's meta-analysis of axillary node dissection®
shows a positive association between loco-regional control
and survival. Although it is likely that the benefit from pre-
vention of an IMC recurrence would be small, the use of sys-
temic treatment because of unsuspected IMC disease or more
intensive chemotherapy regimens because of disease in both
the axilla and IMC nodal basins may also enhance survival in
these circumstances.

The proportion of patients with a SLN mapped in the IMC
varies between studies, possibly reflecting different radio-iso-
tope injection techniques. Sub-dermal or sub-areolar injec-
tions appear to track quickly to the axilla, but extra-axillary
nodes are less often localised with this technique.'®** How-
ever, intra-tumoural or sub-tumoural injection methods
using ultrasound guidance, as used in our centre, allow iden-
tification of an extra-axillary node in up to 40% of
patients.'>*?

Identification of a SLN within the IMC following the lym-
phoscintigraphy may present the clinician with treatment op-
tions for the IMC basin including excision, radiation or
observation. This study examines a series of patients who
underwent surgery to a sentinel node identified by lymphatic
mapping within the IMC to help determine the probability of
disease at this location. This may assist clinicians to assess
which of the three treatment options may be most appropri-
ate for an individual patient in their own clinical setting.

2. Materials and methods

A total of 577 consecutive women with T1-T3 invasive breast
carcinoma and clinically impalpable nodes underwent SLN
biopsy between July 1998 and January 2005.
Lymphoscintigraphy was performed at either Westmead
Public Hospital or an associated private hospital. Lymphatic
mapping followed 0.2ml injection of technetium-99-anti-
mony-labelled sulphur colloid. The tracer was placed
peri-tumourally either by palpation or by using ultrasound
guidance for impalpable tumours. In patients in whom an
excision biopsy had previously been performed, the tracer
was injected either around the areola or adjacent to the

biopsy cavity. The dose (5-40 MBq) was adjusted according
to the estimated delay between imaging and surgery, and tu-
mour location was recorded for all patients. The majority of
tumours (54.7%) were located in the lateral one-third of the
breast; a tumour in the medial one-third of the breast was re-
ported for 97 patients (19.8%) with the remainder in the cen-
tral one-third (25.5%).

Nuclear scan images were obtained at 15 and 45 min after
injection, in planes at right angles to each other, and the site
of every draining node, including extra-axillary sites, was
marked on the skin. The operation was performed at one of
three locations (Westmead Public Hospital or two private hos-
pitals) by one of five consultant surgeons or by the surgical
fellow under the supervision of a consultant. Sentinel nodes
were identified using a Navigator gamma probe (Tyco Health-
care, Pembroke, Bermuda) and 2 ml intra-operative blue dye
(Patent Blue V 2.5%, Rhone-Poulenc Rorer Pharmaceuticals,
Collegeville, PA, USA), which was injected into the peri-tumo-
ural tissue.

The nodal basin of each SLN removed was recorded: axilla
level 1 (L1), beyond level 1 (axilla level 2 or 3) and IMC. Every
potential SLN site identified by lymphoscintigraphy was
examined. Any blue node or any ‘hot’ lymph node whose
gamma count exceeded the background count by 10 times
was considered a sentinel node and was removed. Immediate
levels 1-3 axillary clearance was performed for all patients if
no sentinel node was identified or if imprint cytology of the
sentinel node identified malignant cells. Each axillary lymph
node level was sent separately for histological examination.

Patients with positive axillary sentinel nodes on formal
histology using either haematoxylin and eosin or immuno-
histochemistry sections were offered a second operation to
complete the axillary dissection. Patients who were found to
have a histologically positive IMC node were treated by more
intensive chemotherapy consisting of taxane-based regi-
mens, and by radiotherapy to the IMC, SCF and the breast
or chest wall.

2.1.  Statistical analysis

A comparison was made between the lymphoscintigram
mapping results and the nodal basin dissected. Of 577 pa-
tients, 87 (15.1%) were excluded from full analysis on the ba-
sis of one of three categories: failure to identify or dissect any
lymph node (n = 41, 7.1%); failure to retrieve any lymphoid tis-
sue and fat retrieved (n=7, 1.2%) or failure to dissect or re-
trieve nodal tissue from every nodal basin identified by
lymphoscintigraphy (n=39, 6.8%). A total of 490 patients
met all study criteria.

Individual variables were selected (patient age, lympho-
scintigraphy injection method, tumour location and histolog-
ical factors including tumour size, histological grade and
lymphovascular invasion [LVI]), and were classified by the fol-
lowing standards: age at diagnosis (<35 years, 35-49 years or
>50 years), injection method (palpation, ultrasound guided
or other [peri-areolar or around a biopsy cavity (n =17)]), tu-
mour location (lateral, central or medial), tumour size
(€10 mm, 11-20 mm, 21-50 mm or >50 mm), histological
grade (1, 2 or 3) and LVI (no or yes). Chi-square and binary lo-
gistic regression were used to analyse the relationship of
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these variables to the presence of IMC uptake on the lympho-
scintigram and histological positive IMC metastases after a
biopsy.

3. Results

Between June 1998 and January 2005, 577 patients underwent
sentinel node biopsy. Sentinel node biopsy was unsuccessful
in 41 patients, and in seven patients, no lymphoid tissue was
retrieved. Another 39 patients were excluded from this analy-
sis because the tumours drained to the axilla and the IMC, but
lymphoid tissue was removed only from the axilla. Therefore,
490 of 577 patients (84.9%) had nodal tissue removed from
every nodal basin draining the tumour. In 90 patients
(18.4%), the IMC contained a sentinel node that was success-
fully dissected.

Up to six sentinel nodes were removed from each potential
SLN site, which was identified by lymphoscintigraphy. The
median age of patients was 54 years (range 27-93 years). Dur-
ing surgery, the pleura of two patients was accidentally brea-
ched, without any adverse effects following closure of the
pectoral muscle while the anaesthetist held the patient in
forced expiration. There were no other significant complica-
tions, and no patient required a chest drain. The addition of
IMC dissection in 90 of the patients upstaged 12 (13.3%) to

node positive and identified another eight (8.9%) patients with
two nodal basin disease who underwent more intensive treat-
ment, including more cycles of chemotherapy as well as radi-
ation therapy.

Patient age, tumour location and lymphoscintigraphy
injection methodology all influenced the probability of tu-
mour drainage mapped as being to the IMC. This was most
likely for women aged less than 35 years at diagnosis
(29.4%) (odds ratio [OR] 2.460, p = 0.117) and for women aged
35-44 (22.6%) (OR 1.766, p = 0.034), medial (23.7%) (OR 2.131,
p=0.014) or central tumour location (22.2%) (OR 1.741,
p = 0.062) or following ultrasound guided peri-tumoural injec-
tion of radiocolloid (20.8%) (OR 2.132, p = 0.017). Primary histo-
logical tumour characteristics including pathological size,
grade and LVI had no significant impact on the probability
of SLN identification in the IMC, although there was a trend
for a higher frequency in women with tumours 50 mm or over
(Table 1).

A total of 90 patients (18.4%) had IMC nodes mapped as
draining the tumour and dissected; of these, 20 (22.2%) had
disease present at final pathology. A total of 124 IMC nodes
were dissected (mean 1.38). Factors identified by multivariate
analysis as predictors of IMC positivity by histopathology in-
cluded age <35 years at diagnosis (60%) (OR 13.008,
p =0.063), histological grade 3 (45.5%) (OR 30.211, p = 0.018)

Table 1 - Predictors of lymphoscintigraphy mapping to the internal mammary chain (n = 882).

Patient and tumour characteristics n (%) IM hot spots (%) Univariate analysis Multivariate analysis
Odds ratio p-Value Odds ratio p-Value

All 490 100 18.0 - - - -

Patient age (years)

<35 17 3.5 29.4 2.367 0.121 2.460 0.117

35-49 159 324 22.6 1.663 0.039 1.766 0.034

>50 314 64.1 15.0 1 - 1 -

Lymphoscintigraphy injection technique

By palpation 141 288 128 1 - 1 -

Ultrasound guided 274 55.9 20.8 1.839 0.037 2.132 0.017

Other 72 14.7 18.1 1.542 0.275 1.586 0.288

Tumour location®

Lateral 268 54.7 13.8 1 - 1 -

Central 117 239 22.2 1.736 0.050 1.741 0.062

Medial 97 19.8 23.7 1.889 0.031 2.131 0.014

Pathological tumour size (mm)

<10 (T1a,b) 114 23.3 17.5 1 - 1 -

11-20 (T1c) 244 49.8 16.4 0.931 0.813 0.923 0.807

21-50 (T2) 122 24.9 19.7 1.163 0.652 0.943 0.878

>50 (T3) &) 1.8 44.4 3.800 0.062 3.632 0.090

Histological grade

1 162 33.1 14.2 1 - 1 -

2 188 38.4 17.6 1.287 0.394 1.145 0.673

3 140 28.6 22.9 1.791 0.054 1.523 0.221

Lymphovascular invasion®

No 320 67.8 17.8 1 - 1 -

Yes 152 32.2 19.1 1.088 0.739 0.962 0.895

Figures in bold are statistically significant (p < 0.05).

a Patients who mapped on lymphoscintigraphy to the IMC basin (n = 88). Two patients had a hot spot identified at the time of surgery.
b Tumour location not included in eight patients (multifocal n =7 and unknown n = 1).
¢ Lymphovascular invasion not recorded by the pathologist for 18 patients.
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or the presence of LVI (46.7%) (OR 6.398, p = 0.032). Although
IMC positivity was more likely to be seen in the presence of
axillary nodal disease (34.8%), compared with the absence of
axillary nodal disease (17.9%) this trend did not reach statisti-
cal significance on univariate or multivariate analysis. Pa-
tients with medial tumours had a higher rate of IMC
positive nodes (34.8%) compared to patients with central
(14.8%) or lateral tumours (21.1%) (p = NS) (Table 2).

Table 3 summarises the probability of finding an IMC posi-
tive node based on age, tumour location, histological grade or
LVI, sub-grouped by the status of the axillary sentinel node of
77 patients whose lymphatic mapping showed sentinel nodes
in the axilla and IMC. For a patient with a histological grade 3
tumour, where the axilla was positive, the probability of dis-
ease in the IMC sentinel node was 54.5% and 38.9% when
the axilla was negative. For a grade 1 or 2 tumour, the proba-

bility of a positive IMC node was only 5.6% when the axilla
was negative and was 16.7% when the axilla was positive.
Similarly, the presence of LVI in the primary tumour was
more likely to be associated with an IMC positive node when
the axilla was positive (50%) than when the axilla was nega-
tive (12.2%). Although the sample of very young patients
was small, they had a 50% probability of IMC disease, irre-
spective of their axillary status.

4, Discussion

This study demonstrates that a large proportion (90 of 490,
18.4%) of patients who have a SNB procedure may have
radio-isotope tracer draining to the IMC basin. The clinician
is then faced with a dilemma as to whether to ignore, irradi-
ate or operate on this region. This report summarises factors

Table 2 - Predictors of IM node positivity (n = 90).

Patient and tumour characteristics n (%) IM positivity (%) Univariate analysis Multivariate analysis
Odds ratio p-Value Odds ratio p-Value

All 90 100 21.1 - - - -

Patient age (years)

<35 5 5.6 60.0 8.786 0.030 13.008 0.063

35-49 37 411 27.0 2.169 0.160 1.139 0.889

>50 48 53.3 14.6 1 - 1 -

Lymphoscintigraphy injection technique

By palpation 19 21.1 36.8 1 - 1 -

Ultrasound guided 58 64.4 20.7 0.447 0.162 0.220 0.160

Other 13 14.4 7.7 6.143 0.089 0.139 0.046

Tumour location®

Medial 23 25.6 34.8 1 - 1 -

Central 27 30.0 14.8 0.599 0.487 0.252 0.232

Lateral 38 42.2 21.1 1.507 0.438 1.786 0.560

Pathological tumour size (mm)

<10 (T1a,b) 20 222 100 1 = 1 -

11-20 (T1c) 41 45.6 26.8 3.30 0.148 0.319 0.405

21-50 (T2) 25 27.8 24.0 2.842 0.235 0.115 0.135

>50 (T3) 4 4.4 25.0 3.0 0.420 0.227 0.465

Histological grade

1 23 25.6 8.7 1 = 1 =

2 34 37.8 8.8 1.016 0.987 0.588 0.698

3 33 36.7 45.5 8.750 0.008 30.211 0.018

Lymphovascular invasion

No 58 65.9 10.3 1 - 1 -

Yes 30 34.1 46.7 7.853 <0.0001 6.398 0.032

Extensive intra-duct component

EIC negative 72 80.0 23.6 1 - 1 -

EIC positive 18 20.0 16.7 0.647 0.529 0.077 0.079

Hormone receptor status

ER positive 20 22.2 22.9 1 - 1 -

ER negative 70 77.8 20.0 0.844 0.787 0.135 0.233

PR positive 31 34.4 23.7 1 - 1 -

PR negative 59 65.6 19.4 0.772 0.636 0.789 0.863

Axillary sentinel node status

Node negative 67 74.4 17.9 1 - 1 -

Node positive 23 25.6 34.8 2.444 0.099 3.905 0.186

Figures in bold are statistically significant (p < 0.05).

a Tumour location not included for two patients (multifocal n =1 and unknown n = 1).
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Table 3 - Decision analysis.

Questions Patient age (years) Tumour location Histological grade Lymphovascular invasion
<35 3549 >50 Medialor Lateral 1or2 3 LVI LVI
central negative positive
Number in sub-group 17 159 314 214 268 350 140 320 152
Question 1
Will the sentinel node map to the IMC (alone or with axilla)?
Percentage mapped to the IMC 294 233 15.3 23.4 14.2 16.3 23.6 18.1 19.7
Number mapped to the IMC 5 37 48 50 38 57 33 58 30
Question 2
If there is an IMC hotspot, will there be IMC metastases?
Percentage IMC positive (%) 60 27 14.6 24.0 21.1 8.8 45.5 10.3 46.7
Number with IMC positivity 3 10 7 12 8 5 15 6 14
Question 3
The axilla and IMC both mapped, but only the axilla was dissected
Will the IMC be positive if ...
.....the axilla is positive?? (%) 50 36.4 30 333 40 16.7 54.5 12.5 50
(Number IMC +ve, axilla +ve) 1 4 3 4 4 2 6 1 7
....the axilla is negative?® (%) 50 182 133 194 13.6 5.6 38.9 33.3 12.2
(Number IMC +ve, axilla —ve) 1 4 4 6 3 2 7 5 4

Values in bold indicate where the probability of IMC metastases exceeds 50%.
a % Given as a proportion of the patients who mapped to IMC and axilla, and had axillary metastases.
b % Given as a proportion of the patients who mapped to IMC and axilla, and had no axillary metastases.

which may predict IMC metastases to help guide the clinician
in their own setting based on the findings from a series, in
which the IMC sentinel node is routinely dissected.

In the ALMANAC multi-centre study, only 9.7% of the re-
cruited patients had IMC hot spots, and fewer than half
(45%) of these had any attempt at nodal dissection.** The con-
clusion of that publication (that IMC dissection does not add to
the staging characteristics of the patient) may be flawed, given
the large number of ineligible patients. Indeed, the surgical ap-
proach to the IMC can be performed without additional com-
plications and appears to improve nodal staging.>'® More
recent single-centre studies have reported 16.7% of patients
with IMC hot spots, and an IMC positivity rate of 23.6%."

The identification of IMC metastases affected radiothera-
peutic treatment decisions with extension to the radiother-
apy field in 17 patients (20.0%). Six (7.1%) patients were also
treated with additional chemotherapy. In many hospitals, it
is a common practice to give radiotherapy to patients with a
primary cancer over a certain size, or in a medial quadrant
or when the axilla is involved. Many of these patients will
probably not have internal mammary metastases. Removing
their sentinel nodes will prevent these patients from under-
going radiotherapy which will not benefit them. Therefore,
we believe that failure to dissect these nodes may affect
breast cancer staging and influence patient management.

This single-centre study has numerous strengths. It draws
on consecutive patients treated in a large regional breast can-
cer centre, thus ensuring that there is no bias in patient selec-
tion. All lymphoscintigraphy injections and scanning were
performed according to a local standard protocol in two hos-
pitals, and only patients in whom every nodal basin was dis-
sected and nodal tissue retrieved were included for analysis.

Within our series, the IMC node positivity rate was 22.2%.
These values are consistent with other published data.’®’
The addition of IMC dissection upstaged 12 (13.3%) patients

to node positive and identified another eight (8.9%) patients
with two nodal basin disease. These patients (3.9% of total)
all received additional radiotherapy to the internal mammary
nodes, SCF and breast or chest wall, and eight patients re-
ceived additional adjuvant chemotherapy because of the
poorer prognosis associated with two positive nodal basins.?

We have demonstrated that patient age (<35 years), tu-
mour location (central or medial) and lymphoscintigraphy
injection methodology (ultrasound localised) all influence
the probability of a sentinel node being found in the IMC.
The use of ultrasound to place the tracer in the sub-tumoural
tissue may allow lymphatic channels that drain directly to the
IMC to take up the tracer,'® and thus may explain the high
proportion of patients who have IMC sentinel nodes in this
cohort.

Tumour histological characteristics have no impact on
lymphatic drainage patterns. Although small tumours
(<10 mm) appeared to have lower rates of IMC node positivity,
this was not true in multivariate analysis. This result is in
contrast to analysis of node positivity in the axillary basin,
where there is a linear relationship between tumour size
and rates of node positivity.'® Patient age (<35 years), grade
3 histology, and LVI are independently associated with
IMC metastases, particularly when the axilla has positive
nodes.

Our policy of dissecting the IMC sentinel node allows for
improved staging, potential improvements in regional con-
trol, and the potential to increase long-term survival and
the identification of patients who may benefit from IMC radi-
ation. Although the incidence of a recurrence in the IMC re-
gion is uncommon, the morbidity associated with extension
of a recurrent node into the sternum or adjacent rib is signif-
icant and subsequent disease control can be difficult.®

Our approach to IMC dissection and IMC irradiation is
supported by recently published research demonstrating
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improved patient survival for patients with a positive IMC
sentinel node. Veronesi found that patients with internal
mammary metastases treated with radiotherapy and appro-
priate systemic treatment showed an excellent survival of
95% at 5 years.?! However, this policy of removing the node
is obviously not applicable in all clinical settings, because
expertise varies. Three variables, i.e. patient age (<35 years),
histological grade (grade 3) and LVI, are independently associ-
ated with IMC metastases, and prophylactic IMC radiotherapy
may be considered, particularly when the axilla is positive.
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