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Abstract Routine removal of the internal mammary

chain (IMC) sentinel node in breast cancer patients remains

a subject of discussion. The aim of this study was to

determine the impact of routinely performed IMC sentinel

node biopsy on the systemic and locoregional treatments

plan. All patients with biopsy proven breast cancer who

underwent a sentinel node procedure between 2002 and

2011 were included in a prospective database. In cases of

IMC drainage, successful exploration of the IMC (i.e.,

sentinel node removed) and surgical complications were

registered. If the removed sentinel node contained malig-

nant cells we determined if this altered the treatment plan

when practising the current guidelines. In total, 119 of the

493 included patients showed IMC drainage on lympho-

scintigraphy. Exploration of the IMC was performed in 107

(89 %) patients; in 86/107 (80 %) exploration was suc-

cessful. In 14/107 patients (13 %) the IMC sentinel node

was tumor positive. Macro and micro metastases were

found in eight and six patients, respectively. In the group of

patients who underwent surgical exploration of the IMC,

systemic treatment was changed in none, radiotherapy

treatment in 13/107 patients (11 %). Routine sentinel node

biopsy of the IMC does not alter the systemic treatment.

Radiotherapy treatment is altered in a small proportion of

the patients; however, solid scientific evidence for this

adjustment is lacking.
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Introduction

Sentinel lymph node (SLN) biopsy is a standard procedure

for axillary assessment of patients presenting with clini-

cally node-negative early breast cancer [1–4]. Depending

on the technique of injecting the nanocolloid and the site of

the tumor, extra axillary lymph drainage to the internal

mammary chain (IMC) is found in up to 30 % of breast

cancer patients [5–7]. There is however, no consensus on

the added diagnostic or prognostic value of retrieving

SLNs from the IMC when seen on pre-operative lympho-

scintigraphy. Opponents point out that harvesting these

nodes has no clinical relevance because tumor-positive

IMC SLNs rarely influence adjuvant systemic treatment

strategy and because there is no evidence supporting an

effect of radiotherapy (RT) to the IMC [8, 9]. Besides, they

state that the increased radiation dose that is administered

to the cardiac and pulmonary tissue leads to increased

morbidity and mortality. Proponents of routine IMC SLN

biopsy advocate that the presence of lymph node metas-

tases in the IMC is associated with a poorer prognosis in a

small but substantial patient group and that these metas-

tases should therefore be treated with appropriate systemic
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therapy and IMC RT [6, 7, 10–13]. As a reflection of this

ongoing debate, Dutch national guidelines on the treatment

of breast cancer do not recommend routine biopsy of the

IMC SLNs. Adjuvant chemotherapeutic treatment and IMC

RT is however, indicated when a tumor-positive IMC

lymph node is found [14].

In this historical cohort study, we evaluated the impact

of IMC sentinel node biopsy (which is routinely performed

in our hospital) upon the systemic and locoregional treat-

ment strategies.

Methods

Between January 2002 and August 2011 all patients with

biopsy proven cT1-2 cN0 invasive breast cancer underwent

surgical treatment including sentinel node biopsy. All

patients were included in a prospective database. Patient

who did not show drainage on lymphoscintigraphy, who

received neo-adjuvant systemic treatment, in whom the

tumor was multicentric or those with recent surgery to the

ipsilateral axilla or breast were excluded from our analysis.

Sentinel node procedure

A mean dose of 120 MBq Tc-99m nanocolloid in a 0.5 cc

physiological saline was administered through four perit-

umoral injections. A higher dose (370 MBq) was admin-

istered when the sentinel node procedure was performed

according to a 2-day protocol. Early and late static images

(anterior and lateral) were acquired with a single or dual

head gamma camera 1 and 2 h post-injection. If no sentinel

node was depicted, an extra series of late images was

performed often after administration of additional TC-99m

nanocolloid. The sentinel node was marked on the skin. In

patients with non-palpable tumors the radiotracer was

injected intratumorally guided by either ultrasound or

stereotaxis, depending on the visibility of the tumor.

Surgery

Lymphatic mapping procedure was performed the previous

day or on the same day as surgery. In the operating theatre

1–2 ml Patent Blue was injected peritumorally. The sen-

tinel node was identified with the aid of blue dye and the

gamma probe. Axillary as well as IMC sentinel nodes were

excised whenever possible.

Histologic examination

All sentinel nodes were bisected if their size was[0.5 cm.

Both parts were formalin fixed and step sections were made

at 250 lm-intervals. H&E staining was performed. In

addition immunohistochemical staining was performed if

H&E staining proved negative. If metastases were present,

they were classified as macro metastases, defined as a

metastatic depot of [2 mm in size; as micro metastases,

defined as a metastatic depot of 0.2–2 mm in size; or as

isolated tumor cells, defined as a single tumor cell or a

cluster of tumor cells of \0.2 mm in size [15].

Outcome measures

For each patient, information on patient and tumor char-

acteristics was gathered. We analyzed the lymphatic

drainage pattern and determined the proportion of patients

with IMC drainage. In this selection of patients, evaluation

of the number of successful IMC sentinel node biopsies

during surgery, intraoperative complications due to the

attempt of harvesting the IMC sentinel node and the fre-

quency of metastases in the IMC node was performed. We

then analyzed the effect of the IMC sentinel node histology

on the adjuvant treatment according to the most recent

Dutch guideline on the treatment of breast cancer [14].

Statistical analysis

Normally distributed continuous variables were presented

as means (standard deviation) and compared with inde-

pendent t tests. Not normally distributed data were pre-

sented as medians (range) and compared with the Mann–

Whitney U test. Chi-square test was used to compare

proportions. Differences were considered significant when

p \ 0.05.

Results

In total, 486 patients who underwent 493 sentinel node

procedures were included in this retrospective analysis

(Fig. 1). Forty-three patients were excluded; 3 patients

underwent a SNP after excisional biopsy, 18 patients

received neo-adjuvant systemic treatment, in 1 patient the

tumor was multicentric and 21 patients did not show

drainage on lymphoscintigraphic imaging. Lymphoscinti-

graphic imaging showed axillary drainage in 479 (99 %)

patients. An IMC drainage pattern was seen in 119 of 486

(24 %) patients; 112 with concomitant drainage to the

axillary nodes and 7 with drainage to the IMC exclusively.

IMC drainage was associated with a smaller tumor size,

non-palpability and a medial localization of the tumor

(Table 1). Biopsy of the axillary SN was successful in

478/481 (99 %) and contained metastases in 164/478

(34 %) of the cases. Biopsy of the IM SLN was successful

in 86/119 (72 %) of the patients with drainage to the IMC.

In 12 patients exploration of the IMC region was not
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attempted because the radioactivity count was considered

too low in this region intraoperatively. In the remaining 21

patients, exploration of the parasternal region was

attempted, but unsuccessful. The IMC sentinel node con-

tained metastases in 14 patients; histopathologic exami-

nation showed macrometastatic disease in eight patients

and micrometastatic disease in six patients.

Of the 14 patients with IM SLN metastases 7 (50 %)

were presented with concomitant axillary lymph node

involvement. Conversely 7/165 patients (2 %) with axillary

metastases, showed IMC involvement.

IMC sentinel node biopsy

Surgical exploration of the IMC was performed in 107

patients. In 94 patients information regarding the incision

for IMC exploration was reported; an extra incision was

necessary in 86 patients and in eight patients exploration

was performed using the lumpectomy or mastectomy

incision. Serious complications were reported in 3/107

patients (3 %); in two patients re-exploration was neces-

sary due to post-operative bleeding, one patient developed

a haematothorax after surgery. In six patients minor injury

to the pleura during surgery was reported; all patients were

treated conservatively. Intraoperative bleeding from the

internal mammary artery occurred in four patients, but was

stopped successfully.

Change in systemic treatment strategy

Based on unfavorable primary tumor characteristics or

involvement of the axillary SLN status, hormonal treatment

was indicated in 13 patients and chemotherapy in 11

patients. The IMC sentinel node histology did not affect the

adjuvant treatment in any of the patients (Table 2).

Change in radiotherapy treatment

A change in the RT plan was seen in 13 patients due to a

tumor-positive IMC node. IMC and medial periclavicular

lymph nodes were irradiated in these patients. One patient

presented with seven positive axillary lymph nodes. As

such, she already had an indication for locoregional

radiotherapy of the parasternal and medial periclavicular

area.

Discussion

In the group of patients studied, lymphatic drainage pattern

to the IMC was seen in 24 %. The majority (72 %) of

explorations of the IMC was successful. Intra and post-

operative complications related to this procedure were

reported in 13/107 (12 %) of the patients. Histologic

examination of the retrieved IMC sentinel nodes revealed

metastases in 17 % of the patients. This rate is confirmed

with other studies, considering the use of peritumoral or

intratumoral injection of the radiotracer [6, 7, 9, 11]. The

proportion of patients with IMC metastases and concomi-

tant axillary metastases (50 %) is however, low compared

to results reported by others [5–7, 11, 12, 16]. According to

the current guidelines, exploration of the IMC leads to

adjustment of the systemic treatment in none of the

patients. However, adjustment of RT was seen frequently

(11 %).

Several studies reported that prognosis of patients with

medially located tumors is inferior to that of patients with

laterally located tumors [17, 18]. Since it is known that

medial tumors more often drain to the IMC, the rationale

for harvesting IMC SLNs is the assumption that the poorer

prognosis of patients with medially located tumors is a

result of understaging of IMC lymph node metastases with

the consequence of omitting adjuvant treatment in this

patient group [11, 19, 20]. As sentinel lymph node biopsy

of the IMC leads to a greater degree of staging accuracy, it

provides a guidance for a more specific tailored therapy.

IMC drainage 
119  

Eligible patients 
 486  

SNP for breast 
cancer 
529  

Excluded patients 43 

Neo-adjuvant CT                  16 
Neo-adjuvant HT                  2 
SNP after excision biopsy     3 
Multicentric tumor                1 
No visualisation SLN 21

IMC sentinel node 
retrieved 

86  

 Exploration IMC 
107  

IMC sentinel node 
positive 

14  

Macrometastasis 
8 

Micrometastasis 
6 

Macrometastasis 
8 

Micrometastasis 
6 

Fig. 1 Flowchart sentinel lymph node procedures. SNP sentinel

lymph node procedure, IMC internal mammary chain, CT chemo-

therapy, and HT hormonal therapy
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Studies evaluating the effect of the IMC SLN biopsy on the

treatment strategy in patients with an IMC drainage pattern

report change of treatment in 2–9 % [5, 7, 11, 19]. Since

adjuvant systemic treatment in this small but substantial

patient group is likely to improve prognosis, authors of

these studies recommend routine biopsy of IMC SLN’s.

Despite these considerations, the clinical value of IMC

SLN biopsy remains heavily debated. Since unfavorable

primary tumor characteristics solely have become a suffi-

cient indication for adjuvant systemic treatment, the

proportion of patients with an indication for systemic

treatment has increased substantially. Moreover, solely

IMC metastases changing the N0 to an N? status are rare.

Rates of 2–8 % have been reported by others [6, 7, 11, 16].

We observed seven patients with IMC metastases without

axillary involvement, representing only 1 % of our study

population. Although biopsy of the IMC SN leads to

upstaging in these patients, systemic treatment was not

affected as all patients already would have received

systemic treatment based on unfavorable tumor characteristics.

Table 1 Patient and tumor

characteristics

ULQ upper lateral quadrant,

UMQ upper medial quadrant,

LLQ lower lateral quadrant, and

LMQ lateral medial quadrant
a In patients with bilateral

disease, data of the first

diagnosed tumor was used for

analysis

All patientsa

N = 486

IMC drainage

N = 119

No IMC drainage

N = 367

p value

Mean age (SD) 58 (22–86) 56 (53–81) 59 (22–86) 0.101

Median tumor size in cm (SD) 1.9 (1.2) 1.7 (0.9) 2 .0 (1.2) 0.044

Tumor localization

Central 54 (11 %) 14 (12 %) 40 (11 %) \0.001

ULQ 218 (45 %) 27 (22 %) 191 (52 %)

UMQ 68 (14 %) 29 (24 %) 39 (11 %)

LLQ 52 (11 % 16 (13 %) 36 (10 %)

LMQ 48 (10 %) 18 (15 %) 30 (8 %)

Cranial 19 (4 %) 7 (6 %) 12 (3 %)

Caudal 5 (1 %) 3 (3 %) 2 (1 %)

Medial 5 (1 %) 3 (3 %) 2 (1 %)

Lateral 17 (3 %) 2 (2 %) 16 (4 %)

B & R grading

1 107 (22 %) 22 (18 %) 85 (23 %) 0.283

2 179 (37 %) 50 (42 %) 129 (35 %)

3 149 (31 %) 38 (32 %) 111 (30 %)

Unknown 51 (10 %) 9 (8 %) 42 (11 %)

Tumor histology

IDC 382 (78 %) 94 (77 %) 288 (76 %) 0.824

ILC 38 (8 %) 7 (6 %) 30 (8 %)

IDLC 51 (10 %) 12 (10 %) 39 (11 %)

Other 27 (6 %) 5 (3 %) 10 (2 %)

Axillary involvement

N 0 322 (66 %) 87 (73 %) 235 (64 %) 0.069

N ? 164 (34 %) 32 (27 %) 132 (36 %)

ER

Positive 405 (83 %) 94 (80 %) 311 (85 %) 0.385

Negative 60 (12 %) 17 (14 %) 43 (12 %)

Missing 21 (5 %) 8 (3 %) 13 (4 %)

PR

Positive 328 (67 %) 77 (65 %) 251 (68 %) 0.757

Negative 137 (28 %) 34 (29 %) 103 (28 %)

Missing 21 (4 %) 8 (7 %) 13 (5 %)

Palpable

Yes 308 (63 %) 66 (58 %) 242 (66 %) 0.027

No 174 (36 %) 53 (42 %) 121 (33 %)

Missing 4 (1 %) 0 (0 %) 4(1 %)

Bilateral SNP 7 (1 %) 0 (0 %) 7(2 %) 0.113
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Consequently, the clinical value of determining the IMC

SLN status with regard to the systemic treatment has

decreased. Our study confirms this, as the systemic treat-

ment plan was not changed in any of the patients.

Regarding the RT adjustments; for every nine patients in

whom biopsy of the IMC SLN was attempted, one patient

was identified eligible for additional (locoregional) RT

treatment. Straightforward evidence of the value of RT in

terms of improving long-term prognosis is however, lack-

ing. Romestaing et al. [21] randomized patients to RT

versus no RT of the IMC after surgery. In total, 1,334 early

stage breast cancer patients with node-positive disease

(75 %) and/or medially located tumors that underwent

mastectomy and RT to the chest wall, axilla and pericla-

vicular area were enrolled. No significant difference was

found in 10 year overall survival. As the IMC lymph nodes

were not pathologically evaluated, it is likely that only a

small proportion of these patients have actual tumor-posi-

tive IMC lymph nodes. This means that the study is pos-

sibly underpowered for showing a significant difference in

the recurrence or survival rate. Another randomized com-

parison was carried out by Kaija et al. [22] evaluating the

(dis)advantages of IMC RT. Radiation of the IMC did not

lead to an increase in complications. No difference in

disease recurrence was found; however, follow-up time

was too short to be conclusive.

Results of an ongoing study (EORTC trial 22922)

investigating the role of internal mammary and medial

supraclavicular lymph node chain irradiation in I–III stage

breast cancer are awaited [23]. However, inclusion criteria

(high-risk patients/no histopathology of the IMC SLN)

mean that this study will not adequately address the

question of the additional value of IMC irradiation in

patients with a tumor-positive IMC SLN.

Several trials evaluated the effect of locoregional RT in

high-risk patients and showed that locoregional RT leads to

a substantial improvement in locoregional control and a

less substantial, but still significant improvement in long-

term survival [24–27] (Table 3). This indicates that in

widespread locoregional disease chemotherapy alone

inadequately eliminates metastatic disease and an addi-

tional therapeutic effect is achieved by locoregional ther-

apy. In these studies however, patients were treated with

outdated chemotherapy regimens and underwent incom-

plete axillary lymph node dissection, rendering these

results not applicable to current breast cancer patients. The

ongoing NCIC-CTG MA-20 trial [28] reports on 1,832

high-risk node-negative and node-positive patients that

underwent breast conserving surgery and systemic therapy

between 2000 and 2007. Patients were randomly allocated

to undergo regional node irradiation radiotherapy (RNI) or

not. Interim analysis, after 5 years of follow-up shows that

additional RNI reduces the risk of locoregional and distant

recurrences, and improves the disease-free survival with a

trend toward improved overall survival.

Consideration should be given to the fact that in our

study 6 of the 14 IMC SLN-positive patients presented

with micrometastatic disease only. As the prognostic value

of this finding is still questionable, it is unlikely that

radiotherapeutic treatment in case of micrometastatic

Table 2 Patients with IMC lymph node metastases (n = 14)

Pt IMC SLN Age Size BR HR Ax? Ind CT Ind HT Ind CT Ind LRRT Change

1 1 macro 73 1.9 III E? P? 0 – ? – No LRRT

2 1 macro 71 1.2 II E? P- 1 – ? – No LRRT

3 1 micro 73 2.5 II E? P? 1 – ? – No LRRT

4 1 macro 32 1.3 NR E? P? 0 ? ? PTC/age No LRRT

5 1 macro 50 2.1 III E- P- 7 ? – PTC ? AX Yes No

6 1 macro 65 2.5 III E? P- 2 ? ? PTC ? AX No LRRT

7 1 micro 57 2.6 II E? P? 1 ? ? PTC ? AX No LRRT

8 1 macro 47 0.5 II E? P? 1 ? ? AX No LRRT

9 2 micro 64 1.7 III E? P? 0 ? ? PTC No LRRT

10 1 macro 57 1.5 II E? P? 0 ? ? PTC No LRRT

11 2 macro 61 1.5 III E? P? 0 ? ? PTC No LRRT

12 1 micro 46 2.0 III E? P? 0 ? ? PTC No LRRT

13 1 micro 50 1.3 III E? P? 0 ? ? PTC No LRRT

14 1 micro 36 3.5 III E? P? 1 ? ? Size ? AX No LRRT

Patient characteristics, primary tumor characteristics and therapeutic consequences when practising current guidelines

IMC SLN internal mammary chain sentinel lymph node (histologic outcome), Size tumor size in cm, BR Bloom and Richardson grade, HR
hormone receptor status, E± estrogen receptor positive/negative, P± progesterone receptor positive/negative, Ax? axillary lymph node

metastases, CT chemotherapy, and LRRT locoregional radiotherapy
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disease will result in a significantly improved prognosis

[29, 30].

Irradiation of the IMC is accompanied by extra mor-

bidity. Besides a marginally increased risk of secondary

malignancy and radiation-induced lung injury, cardiac

toxicity is a well known side effect of radiotherapy. Some

studies show a significant increase in non-breast cancer

mortality and long-term mortality from heart disease in

breast cancer patients who underwent RT [31, 32].

Although modern CT-based RT planning techniques have

proven to significantly decrease the irradiated heart dose

and volume, long-term decreased cardiotoxicity has not yet

been demonstrated. The fact that more aggressive systemic

therapy regimens (including cardiotoxic agents) are fre-

quently used nowadays and the long-term effect of RT in

combination with these agents is not yet known, should

also be considered. In our opinion, evidence of the addi-

tional value of IMC irradiation is not sufficient enough to

legitimate the accompanying toxicity. Surgically staging

by exploration of the IMC could be omitted by improving

pre-operative staging. FDG PET/CT is shown to be a

valuable instrument besides conventional modalities for the

detection of extra-axillary lymph node macro metastases,

also in regions that cannot be evaluated by ultrasound [33].

Exploration of the IMC is an extra procedure that carries

an additional risk of intra and post-operative complications

and a less satisfactory cosmetic outcome. Since the

adjustment rate of systemic treatment based on the finding

of this procedure is minimal and there is no sufficient

ground for adjustment of RT, we believe that biopsy of the

IMC SLN should not be performed routinely. As FDG

PET/CT is of additional value for pre-operative staging and

thus for selection of patients for RT, we advocate per-

forming this procedure in high-risk patients (medially

located tumor or N?).

Conflict of interest The authors state that they have no conflict of

interest.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

1. Sandrucci S, Casalegno PS, Percivale P et al (1999) Sentinel

lymph node mapping and biopsy for breast cancer: a review of

the literature relative to 4791 procedures. Tumori 85:425–434

2. Kuijt GP, van de Poll-Franse LV, Voogd AC et al (2007) Survival

after negative sentinel lymph node biopsy in breast cancer at least

equivalent to after negative extensive axillary dissection. Eur J

Surg Oncol 33:832–837. doi:10.1016/j.ejso.2006.11.017

3. Torrenga H, Fabry H, van der Sijp JR et al (2004) Omitting

axillary lymph node dissection in sentinel node negative breast

cancer patients is safe: a long term follow-up analysis. J Surg

Oncol 88:4–7. doi:10.1002/jso.20101 discussion 7–8

4. Heuts EM, van der Ent FW, Hulsewe KW et al (2007) Incidence

of axillary recurrence in 344 sentinel node negative breast cancer

patients after intermediate follow-up. A prospective study into the

accuracy of sentinel node biopsy in breast cancer patients. Acta

Chir Belg 107:279–283

5. Bourre JC, Payan R, Collomb D et al (2009) Can the sentinel

lymph node technique affect decisions to offer internal mammary

chain irradiation? Eur J Nucl Med Mol Imaging 36:758–764.

doi:10.1007/s00259-008-1034-4

Table 3 Overview of studies evaluating the effect of locoregional RT in high-risk patients

Study N Patients FU ST Outcome GRM ? RT GRM p value

Ragaz 318 N? 20 CMF Overall survival 47 % 37 % 0.03

Locoreg. RFS 90 % 74 % 0.002

Overgaarda 1,375 SII/III 10 Tam Locoreg.

recurrence

8 % 35 % \0.001

Overall survival 45 % 36 % 0.03

Overgaarda 1,708 SII/III 10 CMF Locoreg.

recurrence

9 % 32 % \0.001

Overall survival 54 % 45 % \0.001

Clarkeb 1,428 N0 5 Var. Locoreg. 2.3 % 6.3 % 2p = 0.0002

8,505 N? 5 Var. recurrence 5.8 % 22.8 % 2p = 0.0002

1,428 N0 15 Var. Breast cancer 31 % 28 % NS

8,505 N? 15 Var. mortality 55 % 60 % 2p = 0.0002

FU follow-up (years), ST systemic therapy, GRM ? RT modified radical mastectomy ? radiotherapy, GRM modified radical mastectomy, var
various, N? node-positive disease, N0 node-negative disease, SII/III stage II/III breast cancer, RFS recurrence free survival, Tam tamoxifen,

CMF cyclophosphamide, methotrexate, 5-FU, NS not significant
a Incomplete axillary lymph node dissection: a median number of 7 lymph nodes were removed
b Meta-analyses in which the studies by Overgaard were included

740 Breast Cancer Res Treat (2012) 134:735–741

123

http://dx.doi.org/10.1016/j.ejso.2006.11.017
http://dx.doi.org/10.1002/jso.20101
http://dx.doi.org/10.1007/s00259-008-1034-4


6. Estourgie SH, Tanis PJ, Nieweg OE et al (2003) Should the hunt

for internal mammary chain sentinel nodes begin? An evaluation

of 150 breast cancer patients. Ann Surg Oncol 10:935–941

7. Madsen E, Gobardhan P, Bongers V et al (2007) The impact on

post-surgical treatment of sentinel lymph node biopsy of internal

mammary lymph nodes in patients with breast cancer. Ann Surg

Oncol 14:1486–1492. doi:10.1245/s10434-006-9230-6

8. Jansen L, Doting MH, Rutgers EJ et al (2000) Clinical relevance

of sentinel lymph nodes outside the axilla in patients with breast

cancer. Br J Surg 87:920–925. doi:10.1046/j.1365-2168.2000.

01437.x

9. Leidenius MH, Krogerus LA, Toivonen TS et al (2006) The

clinical value of parasternal sentinel node biopsy in breast cancer.

Ann Surg Oncol 13:321–326. doi:10.1245/ASO.2006.02.022

10. Galimberti V, Veronesi P, Arnone P et al (2002) Stage migration

after biopsy of internal mammary chain lymph nodes in breast

cancer patients. Ann Surg Oncol 9:924–928

11. van der Ent FW, Kengen RA, van der Pol HA et al (2001) Halsted

revisited: internal mammary sentinel lymph node biopsy in breast

cancer. Ann Surg 234:79–84

12. Paredes P, Vidal-Sicart S, Zanon G et al (2005) Clinical rele-

vance of sentinel lymph nodes in the internal mammary chain in

breast cancer patients. Eur J Nucl Med Mol Imaging

32:1283–1287. doi:10.1007/s00259-005-1867-z

13. Hong J, Choy E, Soni N et al (2005) Extra-axillary sentinel node

biopsy in the management of early breast cancer. Eur J Surg

Oncol 31:942–948. doi:10.1016/j.ejso.2005.08.003

14. Dutch national guideline for the treatment of breast cancer, ver-

sion 2.0 (Feb 2012). http://www.oncoline.nl/mammacarcinoom.

Accessed 22 Feb 2012

15. van Deurzen CH, de Boer M, Monninkhof EM et al (2008) Non-

sentinel lymph node metastases associated with isolated breast

cancer cells in the sentinel node. J Natl Cancer Inst

100:1574–1580. doi:10.1093/jnci/djn343

16. Heuts EM, van der Ent FW, von Meyenfeldt MF et al (2009)

Internal mammary lymph drainage and sentinel node biopsy in

breast cancer—a study on 1008 patients. Eur J Surg Oncol

35:252–257. doi:10.1016/j.ejso.2008.06.1493

17. Sarp S, Fioretta G, Verkooijen HM et al (2007) Tumor location of

the lower-inner quadrant is associated with an impaired survival

for women with early-stage breast cancer. Ann Surg Oncol

14:1031–1039. doi:10.1245/s10434-006-9231-5

18. Brautigam E, Track C, Seewald DH et al (2009) Medial tumor

localization in breast cancer–an unappreciated risk factor? Strah-

lenther Onkol 185:663–668. doi:10.1007/s00066-009-1984-x

19. Coombs NJ, Boyages J, French JR et al (2009) Internal mammary

sentinel nodes: ignore, irradiate or operate? Eur J Cancer

45:789–794. doi:10.1016/j.ejca.2008.11.002

20. Estourgie SH, Nieweg OE, Olmos RA et al (2004) Lymphatic

drainage patterns from the breast. Ann Surg 239:232–237.

doi:10.1097/01.sla.0000109156.26378.90

21. Romestaing P, Belot A, Hennequin C et al (2009) Ten year results

of a randomized trial of internal mammary chain irradiation after

mastectomy. Int J Radiat oncol Biol Phys 75(suppl 3):S1

22. Kaija H, Maunu P (1995) Tangential breast irradiation with or

without internal mammary chain irradiation: results of a ran-

domized trial. Radiother Oncol 36:172–176

23. Poortmans P, Kouloulias VE, Venselaar JL et al (2003) Quality

assurance of EORTC trial 22922/10925 investigating the role of

internal mammary–medial supraclavicular irradiation in stage I–

III breast cancer: the individual case review. Eur J Cancer

39:2035–2042

24. Clarke M (2006) Meta-analyses of adjuvant therapies for women

with early breast cancer: the Early Breast Cancer Trialists’ Col-

laborative Group overview. Ann Oncol 17(Suppl 10):x59–x62.

doi:10.1093/annonc/mdl238

25. Ragaz J, Olivotto IA, Spinelli JJ et al (2005) Locoregional

radiation therapy in patients with high-risk breast cancer receiv-

ing adjuvant chemotherapy: 20-year results of the British

Columbia randomized trial. J Natl Cancer Inst 97:116–126.

doi:10.1093/jnci/djh297

26. Overgaard M, Jensen MB, Overgaard J et al (1999) Postoperative

radiotherapy in high-risk postmenopausal breast-cancer patients

given adjuvant tamoxifen: Danish Breast Cancer Cooperative

Group DBCG 82c randomised trial. Lancet 353:1641–1648.

doi:10.1016/S0140-6736(98)09201-0

27. Overgaard M, Hansen PS, Overgaard J et al (1997) Postoperative

radiotherapy in high-risk premenopausal women with breast

cancer who receive adjuvant chemotherapy. Danish Breast Can-

cer Cooperative Group 82b Trial. N Engl J Med 337:949–955.

doi:10.1056/NEJM199710023371401

28. Whelan TJ, Olivotto I, Ackerman I et al (2011) NCIC-CTG MA.20:

an intergroup trial of regional nodal irradiation in early breast

cancer. J Clin Oncol 29:779S

29. de Boer M, van Dijck JA, Bult P et al (2010) Breast cancer

prognosis and occult lymph node metastases, isolated tumor cells,

and micrometastases. J Natl Cancer Inst 102:410–425.

doi:10.1093/jnci/djq008

30. Gobardhan PD, Elias SG, Madsen EV et al (2011) Prognostic

value of lymph node micrometastases in breast cancer: a multi-

center cohort study. Ann Surg Oncol 18:1657–1664. doi:10.1245/

s10434-010-1451-z

31. Anonymous (1995) Effects of radiotherapy and surgery in early

breast cancer. An overview of the randomized trials. Early Breast

Cancer Trialists’ Collaborative Group. N Engl J Med

333:1444–1455. doi:10.1056/NEJM199511303332202

32. Clarke M, Collins R, Darby S et al (2005) Effects of radiotherapy

and of differences in the extent of surgery for early breast cancer

on local recurrence and 15-year survival: an overview of the

randomised trials. Lancet 366:2087–2106. doi:10.1016/S0140-

6736(05)67887-7

33. Aukema TS, Straver ME, Peeters MJ et al (2010) Detection of

extra-axillary lymph node involvement with FDG PET/CT in

patients with stage II–III breast cancer. Eur J Cancer 46:3205–

3210. doi:10.1016/j.ejca.2010.07.034

Breast Cancer Res Treat (2012) 134:735–741 741

123

http://dx.doi.org/10.1245/s10434-006-9230-6
http://dx.doi.org/10.1046/j.1365-2168.2000.01437.x
http://dx.doi.org/10.1046/j.1365-2168.2000.01437.x
http://dx.doi.org/10.1245/ASO.2006.02.022
http://dx.doi.org/10.1007/s00259-005-1867-z
http://dx.doi.org/10.1016/j.ejso.2005.08.003
http://www.oncoline.nl/mammacarcinoom
http://dx.doi.org/10.1093/jnci/djn343
http://dx.doi.org/10.1016/j.ejso.2008.06.1493
http://dx.doi.org/10.1245/s10434-006-9231-5
http://dx.doi.org/10.1007/s00066-009-1984-x
http://dx.doi.org/10.1016/j.ejca.2008.11.002
http://dx.doi.org/10.1097/01.sla.0000109156.26378.90
http://dx.doi.org/10.1093/annonc/mdl238
http://dx.doi.org/10.1093/jnci/djh297
http://dx.doi.org/10.1016/S0140-6736(98)09201-0
http://dx.doi.org/10.1056/NEJM199710023371401
http://dx.doi.org/10.1093/jnci/djq008
http://dx.doi.org/10.1245/s10434-010-1451-z
http://dx.doi.org/10.1245/s10434-010-1451-z
http://dx.doi.org/10.1056/NEJM199511303332202
http://dx.doi.org/10.1016/S0140-6736(05)67887-7
http://dx.doi.org/10.1016/S0140-6736(05)67887-7
http://dx.doi.org/10.1016/j.ejca.2010.07.034

	Sentinel lymph node biopsy of the internal mammary chain in breast cancer
	Abstract
	Introduction
	Methods
	Sentinel node procedure
	Surgery
	Histologic examination
	Outcome measures
	Statistical analysis

	Results
	IMC sentinel node biopsy
	Change in systemic treatment strategy
	Change in radiotherapy treatment

	Discussion
	Conflict of interest
	References


