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ABSTRACT

Aim: To evaluate the feasibility of lymphoscinti graphy and senti nel node biopsy in pati ents 

with multi ple invasive tumours in one or more quadrants of the breast, and to investi gate 

whether an intratumoural injecti on of the radiopharmaceuti cal in each tumour yields 

additi onal senti nel nodes, compared to an intralesional injecti on in the largest tumour only. 

Pati ents & methods: Pati ents are included aft er informed consent, in four centres in 

The Netherlands. Aft er administrati on of 120 Mbq 99mTechneti um-nanocolloid in the 

largest tumour, the lymphati c fl ow is studied with planar lymphoscinti graphy and SPECT/

CT. Subsequently, intratumoural injecti on (80 Mbq) of the smaller tumour(s) is followed by 

the exact same imaging. Senti nel nodes are localised intra-operati vely, using a gamma-ray 

detecti on probe, blue dye and careful palpati on of the axilla. 

Results: Twenty-four pati ents, with a mean age of 57 years have been included. Additi onal 

lymphati c drainage was depicted aft er the second and/or third injecti on in 71%. All 

additi onally identi fi ed senti nel nodes could be harvested intra-operati vely, except for three 

internal mammary nodes. In four pati ents with a tumour-positi ve node in the axilla that 

was visualised aft er the fi rst injecti on, an additi onal axillary involved node was found aft er 

subsequent injecti on. In one pati ent, isolated tumour cells were found in both an axillary and 

an additi onally found internal mammary chain senti nel node.

Conclusion: Lymphati c mapping of multi ple malignancies within one breast using separate 

consecuti ve intratumoural injecti ons appears to be feasible. The high incidence of additi onal 

senti nel nodes draining from tumours other than the largest one, demonstrates that diff erent 

parts of the breast have diff erent drainage patt erns and suggests that assessment of lymphati c 

drainage of each tumour separately may result in more reliable staging. 
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INTRODUCTION

Senti nel node biopsy has become the standard staging procedure for pati ents with unifocal 

breast cancer. In case of multi ple malignancies, axillary lymph node dissecti on is performed or, 

more recently, lymphati c mapping and senti nel node biopsy is performed guided by the largest 

tumour only.1,2 Lymphati c mapping of pati ents with more then one tumour in the breast, using 

one injecti on of the radiotracer, has led to promising identi fi cati on rates, ranging from 86% to 

100%, while false-negati ve rates vary from 4-8%.3-6

 When performing direct axillary dissecti on, extra-axillary lymph node drainage remains 

unnoti fi ed. If only one tracer injecti on is administered in or around the tumour with the 

largest diameter, lymphati c drainage related to that tumour only will be detected, instead of 

the drainage patt ern of each tumour separately. This theory is supported by former studies 

showing that drainage patt erns may diff er among tumours located in diff erent quadrants.7-9 If 

the tracer is injected superfi cially, lymphati c drainage related to the subareolar plexus will be 

depicted. This will show a senti nel node in most of the cases, but may not represent drainage 

related to the tumours itself.7-10

 In the above-menti oned situati ons a (tumour-positi ve) senti nel node might be missed. 

 We hypothesise that the harvest of all fi rst draining nodes can be ensured if tracer injecti on 

is performed in or in the vicinity of all present tumour lesions. The aim of the current study was 

to evaluate the feasibility of the senti nel node procedure in breast cancer pati ents with multi ple 

tumours. We investi gated whether an intratumoural injecti on of the radiopharmaceuti cal in 

each tumour results in additi onal senti nel nodes and/or extra lymphati c drainage locati ons 

compared to an intratumoural injecti on of the radiopharmaceuti cal in the largest tumour only. 

METHODS

In this report the preliminary results of the ‘multi sent’ study (multi centre feasibility study of 

the senti nel node procedure in pati ents with multi ple breast tumours) are shown. The study 

protocol was approved by the medical ethical committ ee of the Netherlands Cancer Insti tute 

and the three other parti cipati ng centres. 

Pati ents
Pati ents with multi ple invasive tumours in one or more quadrants (distance at least two 

centi metre) of the breast referred to one of the parti cipati ng centres were included aft er 
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writt en informed consent. Eligible pati ents should have at least two invasive foci, detectable 

by ultrasound. Multi centric breast tumours were characterized by the presence of two or 

more clearly separated tumours, located in more than one quadrant of the breast. Multi ple 

tumours in one quadrant of the breast are defi ned as multi focal breast cancer. Both pati ents 

with multi focal and pati ents with multi centric disease were included. Exclusion criteria were: 

Distance of less than 2 centi metres between two diff erent invasive foci, tumour diameter 

of more than 5 centi metres, more than three invasive foci in one breast, evidence of other 

breast-cancer related disease such as palpable or ultrasound detected lymph node metastases 

or distant metastases and incapacity or unwillingness of the pati ent to give writt en informed 

consent.

 Histopathological proof of breast cancer was obtained preoperati vely by fi ne-needle 

aspirati on cytology or core biopsy of each breast lesion. Ultrasonography of the axilla, with 

fi ne-needle aspirati on cytology in case of a suspicious node, was routi nely performed before 

lymphati c mapping.

Lymphati c mapping
Lymphoscinti graphy was performed for each tumour separately. Injecti on of non-palpable 

tumours was guided by ultrasound. The largest tumour was injected fi rst, followed by nuclear 

imaging. The same aft ernoon or in the morning of the second day, the second tumour was 

injected, again followed by nuclear imaging. In case of three tumours, the second and third 

tumour were injected at the same ti me. If the second/third tumour(s) were injected on the 

second day, a fi ve-minute stati c anterior image was performed before injecti on, in order to 

exclude other delayed draining lymph node stati ons (which were not seen on the fi rst day) and 

to esti mate rest counts in the initi al senti nel nodes. 

 A dosage of 120 MBq 99mTechneti um-nanocolloid (GE- Healthcare, Eindhoven, The 

Netherlands) was injected intratumourally for the fi rst tumour and at least 80 MBq was injected 

in the second and/or third tumour(s). Conventi onal anterior and lateral planar images were 

performed ten minutes, two hours and four hours aft er injecti on of the radiopharmaceuti cal. 

A cobalt-57 fl ood source was placed behind the pati ent to outline the body contour. If present, 

SPECT/CT (Symbia T, Siemens, Erlangen, Germany) images were acquired immediately aft er 

the four-hour conventi onal images. SPECT acquisiti on (matrix 128x128, 60 frames at 25 

seconds per view) was performed using 6° angular steps steps. Aft er correcti on for att enuati on 

and scatt er, SPECT and CT axial fi ve millimetre slices were generated and fused. This imaging 

protocol was exactly repeated aft er the second and/or third injecti on.
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The number and locati on of the senti nel nodes was determined and described aft er imaging 

of each tumour by a nuclear medicine physician. Criteria to disti nguish the senti nel node 

from non senti nel nodes were visualizati on of an aff erent lymphati c vessel leading from the 

injecti on site or, in case of multi ple nodes with no aff erent vessels on scinti graphy, the fi rst 

lymph node appearing in the basin. For the second study, lymph nodes appearing in other 

basins or besides the original senti nel nodes in the same basin were considered as senti nel 

nodes too. In case of no additi onal lymph nodes in the second study, the increase in uptake 

of the original senti nel node was visually evaluated. The locati on of each senti nel node was 

marked on the skin with indelible ink before surgery. 

Senti nel node biopsy
Aft er introducti on of anaesthesia, 1ml patent blue dye (Laboratoire Guerbet, Aulnay-Sous-

Bois, France) was injected into or around each tumour (intra- or peritumoural injecti on). The 

dye and a gamma-ray detecti on probe (Neoprobe®, Johnson & Johnson Medical, Amersfoort, 

The Netherlands) were used to identi fy the senti nel node(s). A senti nel node was defi ned as 

a lymph node upon which the primary tumour drains directly. During operati on these direct 

draining nodes were identi fi ed by: Blue lymphati c channels leading to a blue node, presence of 

radioacti vity within a node in the regions indicated by lymphoscinti graphy, or the combinati on 

of a blue and radioacti ve node. Palpable, suspicious looking non-senti nel nodes were also 

removed. A completi on axillary clearance was omitt ed if the senti nel node(s) were tumour-

negati ve, while senti nel node-positi ve pati ents received an axillary completi on lymph node 

dissecti on. 

Pathology
All harvested nodes were fi xed in formalin, bisected, embedded in paraffi  n, and cut at a 

minimum of six levels at 50 to 150 mm intervals. Pathological evaluati on included haematoxylin-

eosin and immunohistochemical staining (CAM 5.2; Becton Dickinson, San Jose, CA, USA).

Study endpoints and analysis
Lymphati c fl ow patt ern, draining lymph node basins and locati on and number of senti nel 

nodes were evaluated on lymphoscinti graphic images by a nuclear medicine physician. All data 

from each hospital were prospecti vely entered in one database at The Netherlands Cancer 

Insti tute. Analyses included: number and locati on of senti nel nodes aft er fi rst injecti on, extra 
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senti nel nodes aft er second injecti on, other draining basins aft er second injecti on, diff erence 

in lymphati c drainage between pati ents with multi focal and multi centric tumours. 

RESULTS

Twenty-four pati ents with a mean age of 57 years have been included. Tumours were localised 

in one quadrant of the breast (multi focal disease) in fourteen pati ents. Pati ent characteristi cs 

and results are outlined in table 1. SPECT/CT was available in 54% of the pati ents and enabled 

exact pre-operati ve localizati on of the senti nel nodes aft er fi rst and second/third injecti on. 

Table 1

One quadrant involved Multi ple quadrants involved

Mean tumour diameter
 – Largest lesion
 – Smaller lesion(s)

2.0 cm (range 1.0 3.8)
1.0 cm (range 0.6–1.6)

2.0 cm (range 0.7–4.5)
1.4 cm (range 0.6–3.4)

Age
 – Mean
 – Range

54 years
32–73 years

62 years
48–84 years

Number of tumours
 – Two
 – Three

14 pati ents
0 pati ents

8 pati ents
2 pati ents

Additi onal drainage
 – Extra senti nel node
 – In other basin^

10 pati ents (71%)
5 pati ents

7 pati ents (70%)
6 pati ents

Senti nel node status
 – Negati ve
 – ITC*
 – Positi ve

6 pati ents (43%)
3 pati ents (21%)
5 pati ents (36%)

7 pati ents (70%)
0 pati ents (0%)

3 pati ents (30%)

*Isolated tumour cells; ^extra senti nel node seen in another draining basin (basin which the largest tumour does not drain 

to)

Thirty-nine senti nel nodes (mean 1.6 senti nel node per pati ent) were visualized aft er the 

fi rst tracer injecti on and lymphoscinti graphy of the largest tumour. One of these nodes was 

only seen on SPECT/CT and not visualised on planar images. In 17 pati ents (71%), additi onal 

lymphati c drainage was depicted aft er the second and/or third injecti on. Visualisati on of 

additi onal drainage was seen equally in pati ents with multi focal (10/14; 71%) and in pati ents 

with multi centric lesions (7/10; 70%). Comparison of lymphoscinti graphic images aft er 
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consecuti ve injecti ons enabled visualisati on of the number and locati on of additi onal senti nel 

nodes. Figure 1 shows an example of additi onal drainage visualised aft er radiotracer injecti on 

in the second tumour, in a pati ent with a multi focal tumour. A total of 24 additi onal senti nel 

nodes in 17 pati ents was found aft er second/third injecti on of the radiopharmaceuti cal. The 

mean number of senti nel nodes per pati ents aft er injecti on of all tumours was 2.6. The extra 

senti nel nodes aft er second/third injecti on were localized as follows: fourteen in the axilla 

(58%), six in the internal mammary chain (25%), two in the infraclavicular region (8%) and 

two within the breast (8%). In 46% of all pati ents an additi onal senti nel node was localised 

in a diff erent nodal basin than the senti nel node(s) aft er the fi rst injecti on. All additi onally 

identi fi ed senti nel nodes were harvested intra-operati vely, except for three internal mammary 

nodes. 

Figure 1 | Additi onal draining basins aft er second injecti on in a pati ent with two tumours in the lower 

outer quadrant of the right breast. In this 68-year old pati ent, the radiopharmaceuti cal was injected 

fi rst in the most medial and superfi cially localised tumour, under guidance by ultrasonography. 

Planar lymphoscinti graphy aft er four hours (A) shows drainage towards one senti nel node in the 

axilla. SPECT/CT (B) shows the senti nel node as well as a second-echelon in the axilla. The second 

radiopharmaceuti cal injecti on was also guided by ultrasonography and was aimed at the tumour 

localised more lateral and deeper within the breast. On planar lymphoscinti graphy aft er four hours 

(C), two senti nel nodes in the axilla are visualised as well as a second-echelon. The planar images also 

show a clear senti nel node in the internal mammary chain which is localised in the third intercostal 

space on SPECT/CT (D). All nodes considered as senti nel node, aft er injecti on and lymphoscinti graphy 

of both tumours, are highlighted with a blue arrow on SPECT/CT (D). 
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Defi nite pathology of the mastectomy specimen showed more tumour foci then the 

preoperati ve detected two/three lesions in four pati ents. In three other pati ents, one of the 

preoperati ve detected foci showed ductal carcinoma in situ on pathologic examinati on, while 

preoperati ve cytology and imaging were suspect for invasive disease. The senti nel node biopsy 

was tumour-positi ve in eight pati ents (33%) and isolated tumour cells were found in three 

other pati ents (13%). Four pati ents with additi onally identi fi ed drainage patt erns aft er second 

injecti on showed an extra senti nel node that was tumour positi ve (24%). One of these nodes 

was palpable on careful palpati on during the operati on and would therefore have been excised 

anyway. Furthermore, in all four pati ents the fi rst injecti on had already revealed an involved 

senti nel node in the same nodal basin. In one pati ent, isolated tumour cells were found in both 

an axillary and an additi onally found internal mammary chain senti nel node. This pati ent has 

received post-operati ve radiotherapy of the thoracic wall and internal mammary chain.

Figure 2 | An additi onal senti nel node aft er second injecti on in a pati ent with two tumours in diff erent 

quadrants of the breast. Aft er intratumoural radiopharmaceuti cal injecti on of the fi rst tumour, 

localised in the upper inner quadrant of the left  breast, drainage towards the internal mammary chain 

is depicted on planar lymphoscinti graphy aft er four hours (A). Two hotspots in the second intercostal 

space on SPECT/CT (B) are regarded as senti nel node, and a weaker hotspot in the fi rst intercostal 

space is defi ned as second-echelon. Aft er intratumoural injecti on of the second tumor, localised in the 

lower outer quadrant of the left  breast, drainage towards as senti nel node in the axilla is depicted on 

planar lymphoscinti graphy aft er four hours (C). SPECT/CT (D) shows an overview of the two injecti on 

sites and the senti nel nodes. The radioacti vity in the fi rst injecti on area and senti nel nodes has become 

a litt le less due to decay of the radiotracer over ti me.
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DISCUSSION

The percentage of pati ents with multi ple breast carcinomas that have lymph node involvement 

ranges from 41% to 71%.3-5,11-15 Coombs and Boyages reported that 52.1% of pati ents with 

multi centric/multi focal disease have lymph node involvement, compared to 37.5% in pati ents 

with unifocal lesions.16 In view of these numbers, accurate staging seems parti cularly relevant 

in case of multi ple malignancies within one breast. The reported false negati ve rate of the 

senti nel node biopsy is high though.17-18 Ozmen et al. found a signifi cant associati on between 

multi centric/multi focal disease and a false-negati ve procedure and Fearmonti  et al. parti cularly 

menti on the risk of a false-negati ve procedure in case of large additi ve tumour burden.17-18 

Possibly, the fact that not all lesions are sampled can cause (positi ve) senti nel nodes to be 

missed.

 More than half of our pati ents showed additi onal drainage patt erns aft er tracer injecti on 

into a second tumour at a diff erent locati on. This was even true for separate tumours located 

in the same quadrant of the breast. These results demonstrate again that the breast should 

not necessarily be regarded as one single enti ty with regards to its lymphati c drainage.7-10

 Whether harvesti ng senti nel nodes additi onally found aft er tracer injecti on in the second or 

third tumour is relevant, depends on the potenti al of these smaller tumours to spread before 

the larger tumour disseminates. Vlastos et al. found comparable outcomes for pati ents with 

unifocal versus multi centric disease, and conclude that the diameter of the largest tumour 

only can be used to stage tumour size.19 Other studies however, have shown that the risk 

of lymphati c disseminati on in multi centric tumours is dependant of the tumour load of all 

lesions.12,14 Andea et al. found that tumour specimens with multi ple nodules had a higher 

frequency of lymph node involvement compared with unifocal tumours of a similar volume or 

area.13 This might imply that an aggressive small lesion could give rise to a positi ve senti nel 

node, while the fi rst draining node from the largest lesion can be negati ve. Additi onally 

detected nodes (belonging to tumours other than the largest one) contained tumour in four 

cases in our populati on. This fi nding will only lead to upstaging if no positi ve senti nel nodes 

belonging to the largest tumour are found in the same nodal basin, which has not been the 

case in our populati on. We did demonstrate the feasibility of individual lymphati c mapping of 

each tumour separately. In our populati on, 70% of the pati ents has been spared an axillary 

lymph node dissecti on. The procedure may thus be worthwhile if follow-up shows low axillary 

recurrence rates. The clinical relevance of this relati vely simple technique will be further 

evaluated in a larger study.
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CONCLUSION

Lymphati c mapping of multi ple malignancies within one breast using separate consecuti ve 

intratumoural injecti ons appears to be feasible. The high incidence of additi onal senti nel 

nodes draining from tumours other than the largest one, demonstrates that diff erent areas 

of the breast have diff erent drainage patt erns and suggests that assessment of lymphati c 

drainage of each tumour separately may result in more reliable staging. 
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