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L ymphh nodes in the internal mammary chain are known to be a potential 
sitee of metastases from breast cancer. Extended radical mastectomy has 
beenn used to obtain information about the status of these lymph nodes. 
Thee internal mammary node status is an independent prognostic factor for 

survival.11 However, treatment of internal mammary lymph nodes is subject of 
debate.. The value of elective radiotherapy to these nodes has never been 
convincinglyy shown and is, in fact, the subject of ongoing randomised studies in 
Europee and in Canada. Elective dissection of internal mammary nodes is not done. 
Besidess the axilla and internal mammary chain, breast cancer spreads to 
interpectorall  nodes (Rotter's nodes) in 3% to 14% of the patients.2"1 A Rotter's node 
iss the only site of metastatic involvement in a small number of patients.2"4 The 
importancee of intraparenchymal and supra- and infraclavicular lymph nodes in 
breastt cancer is unknown and involvement of these lymph nodes has been described 
onlyy incidentally.5"8 

Thee technique of lymphatic mapping visualises the lymph nodes that directly 
receivee lymph from a primary breast carcinoma. These "sentinel" nodes can be 
harvestedd in the axilla and reflect the tumour-status of the entire axilla with a high 
sensitivity.9111 The purpose of this study was to determine the incidence of lymphatic 
drainagee and metastatic spread to sentinel nodes outside the axilla in early stage 
breastt cancer and the impact of biopsy of these lymph nodes on staging and 
treatmentt strategy. 

Patientss and methods 

Betweenn January 1997 and July 2001, 549 patients with a clinical T1-3N0 breast 
cancerr underwent sentinel node biopsy in The Netherlands Cancer Institute. The 
meann age was 56 years (range 27-91 years). Six patients had bilateral tumours. 
Pathologicc proof of breast cancer was routinely obtained. The primary lesion was 
stilll  present in all patients. Seventy-one percent of the patients underwent wide local 
excisionn as part of breast-conserving treatment and the remaining patients 
underwentt mastectomy. The mean histological tumour diameter was 1.9 cm (range 
0.2-8.00 cm) with a pTl stage in 82.9%, pT2 in 16.4% and pT3 in 0.7%. Definitive 
pathologicall  examination showed ductal carcinoma in situ without invasion in 
twelvee patients. The first 82 patients were part of a learning phase study with 
confirmatoryy axillary lymph node dissection.9 In the subsequent patients, axillary 
clearancee was omitted in case of a tumour-negative axillary sentinel node. 

Sentinell node biopsy 

Thee day before surgery, 99mTc-Nanocolloid (Amersham Cygne, Eindhoven, the 
Netherlands)) was injected into the tumour in a mean volume of 0.2 ml and with a 
meann radioactive dose of 104 MBq (range 42 to 159 MBq). Subsequently, dynamic 
andd static anterior and prone lateral (hanging breast) images were obtained.12 A hot 
spott was considered to be a sentinel node if an afferent lymphatic channel was 
visualised,, the hot spot was the first one seen in a sequential pattern, the hot spot 
wass the only one in a particular lymph node basin or when a combination of criteria 
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wass present. Intramammary, paramammary (Gerota) and interpectoral sentinel 
nodess were defined as interval nodes, because of their location on the drainage route 
too the axilla or internal mammary chain.13 The location of a sentinel node was 
markedd on the skin. 
Thee following day, patent blue dye (Blue Patente V, Laboratoire Guerbet, Aulnay-
sous-Bois,, France) in a volume of 1.0 ml was injected into the tumour. The sentinel 
nodee was identified and harvested after careful dissection of blue lymphatic vessels 
andd detection of radioactivity with a gamma ray detection probe (Neoprobe®, 
Johnsonn & Johnson Medical, Hamburg, Germany). Internal mammary sentinel nodes 
weree explored through a small transverse incision over the intercostal space 
concerned.. After splitting the pectoral muscle fibres and dividing the intercostal 
muscles,, radioactive lymph nodes with or without blue discoloration were dissected 
fromm the internal mammary vessels and parietal pleura. It is our policy to perform a 
completee axillary lymph node dissection if no sentinel node is identified when 
exploringg the axilla unless one is identified elsewhere. 
Sentinell  nodes were formalin-fixated, bisected, paraffin-embedded and cut at a 
minimumm of six levels at 50 to 100 urn intervals. Paraffin sections were stained with 
hematoxylin-eosinn and immunohistochemistry (CAM5.2, Becton Dickinson, San Jose, 
CA,, USA). 

Postoperativee treatment 

Traditionally,, the indication for radiotherapy of the internal mammary lymph nodes 
att our institution was a positive axillary lymph node irrespective of tumour location 
andd size unless the patient was enrolled in an ongoing EORTC trial (#22922). 
Currently,, a patient wil l receive radiotherapy to the parasternal area if an excised 
internall  mammary sentinel lymph node is tumour-positive. Adjuvant systemic 
treatmentt is generally given to patients with lymph node metastasis over 2 mm in 
size.. The Dutch national guidelines recommend that node-negative patients with a 
tumourr larger than 3.0 cm and patients with a high-grade tumour between 1.0 and 
3.00 cm in diameter (grade III or mitotic activity index of greater than 10 per ten high 
powerr fields) receive adjuvant chemotherapy and /or hormonal treatment.14 

Statisticall analysis 

Thee chi square test was used to compare the incidence of lymph node metastasis 
betweenn subgroups of patients. Values of P<0.05 were considered to be statistically 
significant.. Statistical analyses were performed with Statistical Package for the Social 
Sciencess software (SPSS, Chicago, Illinois, USA). 

Results s 

Sentinell  nodes outside level I and II of the axilla were seen on the 
lymphoscintigraphyy images in 147 patients and in an additional two patients 
intraoperativelyy using patent blue dye. Therefore, the incidence was 27% (149/549 
patients).. The lymphatic drainage patterns are displayed in table 1. Drainage to the 
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ipsilaterall  internal mammary sentinel nodes was observed in 104 patients (19%). A 
contralaterall  internal mammary sentinel node was seen in one additional patient. 
Intervall  sentinel nodes were encountered in 49 patients: intramammary sentinel 
nodess in 38, paramammary nodes in two and interpectoral sentinel nodes in nine 
patients.. Twelve patients had sentinel nodes in the infraclavicular region and three 
inn the supraclavicular region. 

Tablee 1. Lymphatic drainage patterns to axillary and non-axillary sentinel nodes based on lymphoscintigraphy 

andd the intraoperative use of patent blue dye. 

Non-axillaryy site of sentinel nodes 

Ipsilaterall internal mammary chain 

Contralaterall internal mammary chain 

Intraparenchymal l 

Interpectoral l 

Infraclavicular r 

Supraclavicular r 

Supraclavicularr and intraparenchymal 

Ipsilaterall internal mammary chain and intraparenchymal l 

Ipsilaterall internal mammary chain and paramammarial 

Ipsilaterall internal mammary chain and interpectoral l 

Ipsilaterall internal mammary chain and infraclavicular 

Ipsilaterall internal mammary chain and supraclavicular 

Total l 

Withh axillary 

drainage e 

76 6 

1 1 

25 5 

5 5 

10 0 

1 1 

1 1 

11 1 

1 1 

1 1 

2 2 

--
134 4 

Withoutt axiilary 

drainage e 

9 9 

--
1 1 

1 1 

--
--
--
--
1 1 

2 2 

--
1 1 

15 5 

Total l 

85 5 

1 1 

26 6 

6 6 

10 0 

1 1 

1 1 

11 1 

2 2 

3 3 

2 2 

1 1 

149 9 

Tablee 2. Results of surgical identification of sentinel nodes in the internal mammary chain and other sites 

(intramammary,, paramammary, interpectoral, supra- and infraclavicular). 

Identificationn rate per patient 

Identificationn rate per basin 

No.. sentinel nodes 

blue e 

radioactive e 

bluee and radioactive 

No.. of non-sentinel nodes 

Tumourr excision before identification 

Reasonn of non-identification 

nott explored 

highh background activity 

loww radioactivity uptake 

retrocostall location 

noo access to intercostal space 

Internall mammary chain 

90/1055 (86%) 

103/1288 (80%) 

126 6 

0(0%) ) 

911 (72%) 

35(28%) ) 

18 8 

28/103(27%) ) 

6/25(24%) ) 

3/25(12%) ) 

6/255 (24%) 

7/25(28%) ) 

3/25(12%) ) 

Otherr sites 

50/633 (79%) 

51/64(80%) ) 

63 3 

44 (6%) 

333 (53%) 

26(41%) ) 

0 0 

25/511 (49%) 

7/13(54%) ) 

5/13(38%) ) 

1/13(8%) ) 

--
--

Alll non-axillary sites 

128/149(86%) ) 

154/192(80%) ) 

189 9 

44 (2%) 

124(66%) ) 

611 (32%) 

18 8 

53/154(34%) ) 

13/38(34%) ) 

8/388 (21%) 

7/388 (18%) 

7/38(19%) ) 

3/388 (8%) 
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Att least one non-axillary sentinel node was excised in 128 of 149 patients (86%). The 
resultss of the surgical identification of sentinel nodes outside level I and II of the 
axillaa are displayed in table 2. High background radioactivity from tracer remaining 
att the injection site necessitated segmental excision of the primary lesion before the 
sentinell  node could be identified with the probe in 53 patients (34%). Sentinel nodes 
weree either blue, radioactive or both. A learning phase for biopsy of internal 
mammaryy chain nodes was observed: the identification rate was 70% in the first 30 
proceduress and 84% in the following procedures. 
Metastasess were found in 26 of the 128 patients (20%) who underwent extra-axillary 
sentinell  node excision. Metastases were found in the internal mammary chain in 
sixteenn patients, in the breast parenchyma in five, between the pectoral muscles in 
one,, in both the internal mammary chain and interpectoral fossa in one, in the 
infraclavicularr fossa in one, in a paramammary sentinel node in one and in both the 
supraclavicularr fossa and breast parenchyma in another patient. The relation 
betweenn the tumour-status of the internal mammary chain sentinel nodes, the 
axillaryy status and the primary tumour site is described in table 3. 

Tablee 3. Primary lesion location and tumour-status of the axilla and internal mammary chain in 555 breast 
carcinomass with clinically NO-stage. 

Location n 

IQ/C C 

IQ/C C 

IQ/C C 

IQ/C C 

IQ/C C 

IQ/C C 

IQ/C C 

IQ/C C 

IQ/C C 

IQ/C C 

IQ/C C 

IQ/C C 

OQ Q 
OQ Q 
OQ Q 
OQ Q 
OQ Q 
OQ Q 
OQ Q 
OQ Q 
OQ Q 
OQ Q 
OQ Q 
OQ Q 

Axillaryy status 

+ + 
+ + 
+ + 
+ + 
--
--
--
--
? ? 
9 9 

? ? 
? ? 

+ + 
+ + 
+ + 
+ + 
--
--
--
--
? ? 
? ? 
? ? 
? ? 

Internall mammary chain 
status s 

+ + 
--
Nl l 
NV V 
+ + 

--
Nl l 
NV V 
+ + 
--
Nl l 
NV V 
+ + 
--
Nl l 
NV V 
+ + 

--
Nl l 
NV V 
+ + 
--
Nl l 
NV V 

No.. of procedures 
(nn = 555) 

5 5 
5 5 
1 1 
56 6 
3* * 
34 4 
7 7 
91 1 
2 2 
5 5 
0 0 
2 2 
4 4 
4 4 
4 4 

128 8 
2 2 
23 3 
3 3 

172 2 
1 1 
2 2 
0 0 
1 1 

IQ=inner-quadrant;; OQ=outer-quadrant; C=central; NI=not identified; NV=not visualised; + =tumour-positive; - humour-
negative;; ?=unknown status; * =one metastasis in the contralateral internal mammary chain. 
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Althoughh there was a higher incidence of internal mammary node metastases in 
innerr quadrant and central tumours in comparison to outer quadrant lesions (5% 
versuss 2%), this difference is not significant (P = 0.073). Axillary node-positive 
patientss had a higher rate of internal mammary node involvement than axillary 
node-negativee patients (4% versus 1%, P - 0.042). This difference was more 
pronouncedd between the subgroups of axillary node-positive and node-negative 
patientss in whom an internal mammary node was excised (50% versus 8%, P < 
0.001).. The non-axillary sentinel node was the only tumour-positive lymph node in 
elevenn of 206 patients (5%) with tumour-positive sentinel nodes. The location of the 
metastases,, the characteristics of the primary tumour and the adjuvant therapy in 
thesee eleven patients are described in table 4. 

Tablee 4. Patients with isolated non-axillary sentinel lymph node metastases. 

Patient t 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

Tumourr characteristics 

D(cm) ) 

0.8 8 

0.8 8 

1.0 0 

1.3 3 

1.5 5 

1.5 5 

1.7 7 

1.7 7 

1.9 9 

2.1 1 

2.5 5 

Grade e 

I I 

III I 

I I 

II I 

il l 

II I 

I I 

1 1 

II I 

II I 

III I 

MAI I 

1 1 

11 1 

1 1 

6 6 

6 6 

1 1 

4 4 

2 2 

6 6 

4 4 

36 6 

Metastasis s 

location n 

IMC C 

cIMC C 

breast t 

breast t 

IMC C 

interpectoral l 

IMC C 

IMC C 

interpectoral l 

IMC C 

IMC C 

IMC C 

sizee (mm) 

>2 2 

>2 2 

<2 2 

>2 2 

>2 2 

<2 2 

>2 2 

<2 2 

<2 2 

>2 2 

<2 2 

>2 2 

Adjuvantt therapy 

Radiotherapyy IMC, Tamoxifen 

Radiotherapyy IMC / cIMC, Tamoxifen 

Ovariectomy,, Tamoxifen 

Radiotherapyy IMC, Tamoxifen 

Radiotherapyy IMC, Tamoxifen 

Radiotherapyy IMC, Tamoxifen 

Radiotherapyy IMC 

Radiotherapyy IMC (trial), Ovariectomy 

Radiotherapyy IMC, Tamoxifen 

Radiotherapyy IMC, Chemotherapy, Tamoxifen 

Radiotherapyy IMC / axilla, Chemotherapy 

D=diameter;; MAI=mitotic activity index (number of mitoses per 10 high power fields); IMC=ipsilateral internal mammary 
chain;; clMC=contralateral internal mammary chain. 

Off  the total of seventeen patients with internal mammary node metastasis, eight 
(47%)) had no axillary involvement. Four of ten patients (40%) with other non-
axillaryy lymph node metastases also had a tumour-negative axilla. Considering that 
onee patient had extra-axillary metastases at more than one site, the non-axillary 
sentinell  node status had an impact on staging (Nl or N3 instead of NO) in eleven 
patientss with isolated non-axillary sentinel node metastases. Nine patients with 
metastasess both in the internal mammary sentinel node and in the axilla were 
upstagedd from Nl to N3. Overall, N-staging was changed in 20 of 149 patients (13%). 
Managementt was modified in several respects in 26 of 149 patients (17%), which 
comprisess 5% of the whole sample population. Internal mammary chain irradiation 
wass given to seven of the 149 patients (5%) which they would not have received if 
thee prior guidelines had been followed. Internal mammary chain irradiation was not 
givenn to nine patients (6%) who otherwise would have received such treatment. 
Eightt patients (5%) received adjuvant chemotherapy or hormone treatment only 
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becausee of isolated non-axillary sentinel lymph node metastases (table 4). The 
findingg of an extra-axillary sentinel node prevented axillary lymph node dissection 
inn ten patients (7%) without a blue or radioactive lymph node in the axilla. No 
axillaryy recurrence has occurred in these ten patients during a median follow-up of 
199 months (range 2 to 29 months). 

Discussion n 

Sentinell  nodes were located outside levels I and II of the axilla in 27% of the patients 
andd their removal led to a change in the management in 17% of them. Successful 
visualisationn and identification of non-axillary sentinel nodes requires certain 
specificc elements of the technique of lymphatic mapping. Preoperative 
lymphoscintigraphyy is indispensable to detect non-axillary sentinel nodes. An 
intraparenchymall  tracer administration is essential because intradermal or 
subdermall  injection wil l rarely visualise drainage to the internal mammary chain.1516 

Intratumourall  injection with a small volume is preferred to peritumoural injection, 
becausee it limits the extent of the diffusion zone at the injection site.12 A single 
intralesionall  tracer administration improves imaging of nearby intraparenchymal 
sentinell  nodes and enables elimination of background radioactivity by tumour 
excisionn to facilitate subsequent probe identification of such nodes (table 2). 
Harvestingg lymph nodes outside the axilla is often a technical challenging 
procedure.. Internal mammary nodes are generally not more than a few millimetres 
inn size and are sometimes located behind a rib. The probe is difficult to handle in the 
narroww intercostal space. The intercostal space is sometimes inaccessible due to bony 
deformationn or location of the ribs close to each other. A mere 28% of the internal 
mammaryy nodes contained blue dye, which can be explained by the fact that internal 
mammaryy chain nodes were mostly explored at the end of the procedure at which 
timee the blue dye may have passed the sentinel node. Additionally, the supply of 
bluee dye was removed in 27% because the primary tumour was excised before the 
sentinell  node was found. Increasing experience of the surgeons and possibly the 
increasee in radioactivity dose and colloid particle concentration resulted in the 
improvementt of identification from 70% to 84%.17 Morbidity was limited to an 
occasionall  injury to the internal mammary artery or pleura. In a few patients, a 
separatee incision of a few centimetres was necessary. Long-term sequelae were not 
encountered. . 

Somee of the technical aspects outlined above can explain the large differences in the 
reportedd incidence of non-axillary sentinel nodes. 18"29 Three studies concern results 
off  biopsy of non-axillary sentinel nodes in a substantial number of patients.30"32 None 
off  these investigators mentioned that the pursuit of sentinel nodes outside the axilla 
hass an impact on the way patients are managed. Van der Ent and associates reported 
drainagee to the internal mammary chain in 65 of 256 patients (25%).33 Sentinel nodes 
att this site could be harvested in 41 patients (63%). These nodes contained metastasis 
inn eleven patients (27%) resulting in a change of the subsequent management. The 
incidencee of internal mammary sentinel nodes in the present study is comparable to 
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Vann der Ent's observations. The better identification rate in the present study (86% 
versuss 63%) may be due to differences in the technique. 
AA result of our study design is that the sensitivity cannot be determined because no 
completionn internal mammary lymph node dissection was done. Noguchi routinely 
performedd biopsy of internal mammary nodes in the first and second intercostal 
spacess irrespective of the lymphoscintigraphy results and concluded that lymphatic 
mappingg is an insensitive technique for identifying metastases to these nodes.34 The 
limitedd sensitivity in that study may be explained by the low visualisation rate of 
internall  mammary sentinel nodes: 9% versus twice as many as in our study. 
Ourr study shows that chasing extra-axillary sentinel nodes improves staging in 13% 
off  the patients. This has therapeutic implications because it is generally accepted that 
metastasess in these lymph nodes are of prognostic significance. The overall survival 
ratess of patients with isolated internal mammary chain metastases are similar to 
thosee with isolated axillary lymph node involvement. The lowest survival rates are 
observedd in patients with both axillary and internal mammary node metastases.35"37 

Whetherr these ramifications of improved staging result in a survival benefit is 
unknown.. Lacour and Meier performed randomised studies of extended radical 
mastectomyy versus radical mastectomy and found no survival difference.3839 

Randomisedd trials of post-mastectomy radiation encompassing the internal 
mammaryy nodes did not result in an improvement in overall survival either.40"44 

Obfuscatingg factors of such studies can be the use of adjuvant systemic treatment 
andd the fact that internal mammary nodes may be situated in the breast irradiation 
field.455 Another disadvantage of these studies is dilution of the potential benefit of 
thee therapy, because the patients who indeed have lymph node metastases are a 
minorityy within these populations. This was illustrated by Lacour and Meier who 
showedd a survival benefit in subgroups of patients with an expected higher 
incidencee of internal mammary node metastasis.3946 

Traditionally,, radiotherapy to the internal mammary chain is often given in patients 
withh a primary tumour over a certain size or in a medial quadrant, or in the presence 
off  an involved axilla. Looking at the primary lesion site and the tumour-status of the 
axillaa is a fairly crude way to select patients who may have internal mammary 
lymphh node metastases (table 3). Biopsy of internal mammary sentinel nodes allows 
onee to identify patients who indeed have metastatic disease in these nodes. Surgical 
treatmentt of internal mammary lymph node metastases seems excessive in this era 
off  conservative surgical treatment of breast cancer but radiotherapy could be 
considered.. Common sense suggests that radiotherapy is of no value in case of a 
tumour-freee internal mammary sentinel node, even in the presence of a large 
primaryy tumour in an inner quadrant with axillary node metastases. 
Whatt about patients who do have metastatic disease in an internal mammary 
sentinell  node? Radiotherapists and medical oncologists should modify their 
consensuss protocols for radiotherapy and adjuvant systemic treatment to include 
thesee patients. Incorporating the tumour-status of sentinel nodes outside the axilla in 
thee management may lead to better patient selection and improved regional control 
andd survival. One would like to examine these issues in randomised trials but such 
trialss wil l be difficult to conduct. For instance, an informed patient with a tumour-
positivee internal mammary sentinel node might be hesitant to accept the risk of 
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beingg excluded from adjuvant radiotherapy and systemic treatment. 
Howw should we manage patients with a sentinel node outside the axilla but without 
ann axillary hot spot on the lymphoscintigraphy images? Twenty-three such patients 
weree encountered. Our policy to explore the axilla and to look for blue or radioactive 
lymphh nodes resulted in the retrieval of a sentinel node in eight of these patients. In 
tenn of the fifteen remaining patients, we refrained from an axillary lymph node 
dissection,, which would have been performed in the absence of an extra-axillary 
sentinell  node. One may argue that tracer uptake in an axillary sentinel node was 
blockedd by massive tumour infiltration. The risk of overlooking such a metastasis 
wass reduced by preoperative ultrasound of the axilla and careful intraoperative 
palpationn of the biopsy wound.47 No axillary recurrence was seen during follow-up 
off  these ten patients. 
Thee more accurate staging that is the result from lymphatic mapping may have 
repercussionss for the TNM staging system. For instance, an internal mammary 
lymphh node metastasis is currently classified as N3. A metastasis in an internal 
mammaryy sentinel node is detected at an early stage and carries a prognosis that is 
probablyy not much worse than is true for an involved sentinel node in the axilla, 
whichh is classified as Nl . Another subject of debate is the clinical relevance of 
micrometastasis,, especially if detected by techniques like step sectioning or 
immunohistochemicall  staining.48 Six of seventeen patients (35%) had an internal 
mammaryy node metastasis smaller than 2 mm. A future evaluation of the TNM 
systemm needs to address these issues. 

Conclusions s 

Lymphaticc drainage to sentinel nodes outside levels I and II of the axilla was found 
inn 27% of the patients. Such nodes contain relevant staging information. Specific 
technicall  elements are essential to identify and harvest these lymph nodes. Sentinel 
nodess outside the axilla could be surgically identified in the majority of the patients 
andd contained metastasis in 20%. The extra-axillary sentinel node was the only 
tumour-positivee lymph node in 5% of all patients with tumour-positive sentinel 
nodes.. The postoperative management was changed in 17% of patients with extra-
axillaryy sentinel nodes. Despite the uncertain sensitivity we recommend the pursuit 
off  non-axillary sentinel nodes because of the improved staging, the therapeutic 
implicationss and the minimal morbidity. 
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