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Abstract 
The incidence of non-palpable breast cancer is rising since national screening programs 
were introduced. More than 25% of the radiological suspicious breast lesions are 
considered clinically occult or non-palpable. Surgical removal of non-palpable breast 
tumours requires a specific approach. The main challenge of resecting non-palpable 
lesions is to ensure clear margins while minimizing the resection of healthy tissue and 
cosmetic damage. Radioguided occult lesion localisation (ROLL) using a radioactive 
tracer (e.g. 99mTechnetium) was developed in 1996, and is nowadays used in several 
institutes as a reliable alternative for wire guided localisation. The commonly used 
radiotracer is 99mTechnetium (99mTc) macroaggregate albumin (MAA) with a particle size 
of 10-150µm, which can be detected by the surgeon using a gamma probe. The tracer 

is administered by an intratumoural injection, and accordingly, this site is surgically 
excised at the operating room while using a gamma probe. At the moment more than 
29 peer-reviewed articles have emerged about ROLL. The general consensus is that 
ROLL, using 99mTc, is preferable over wire-guided localisation with the main advantages: 
the patient comfort, positive margins, and localisation time. Furthermore, the procedure 
can be combined with a sentinel lymph node biopsy.  
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Cl inical value and relevance in cl in ical routine 

General background 

The incidence of non-palpable breast cancer is rising since national screening programs 
were introduced. Breast cancer screening has changed the type and stage of detected 
breast cancer lesions. More than 25% of the radiological suspicious breast lesions are 
considered clinically occult or non-palpable [1]. This includes small invasive lesions, 
ductal carcinoma in situ (DCIS), or smaller clusters of microcalcifications. The surgical 
removal of non-palpable breast tumours requires a specific approach. The main 
challenge of resecting non-palpable lesions is to ensure clear margins while minimizing 
the resection of healthy tissue and cosmetic damage[2]. For this purpose, mostly three 
different techniques are used for intraoperative tumour localisation: wire, ultrasound 
(US), and radioguided localisation (i.e. guided by a radiopharmacon or radioactive 
marker). At present, wire guided localisation (WGL) is still the most commonly used 
technique for non-palpable breast cancer (75%) [1,3]. Nonetheless, wire placement is a 
cumbersome technique for both the surgeon and the patient. The limitations of WGL 
include (i) technical complications such as wire dislodging [4,5], migration [6,7], kinking 
or fracture; (ii) logistic challenges as the wire is to be placed a maximum of one day in 
advance of surgery; (iii) higher patient discomfort as opposed to alternative 
techniques[8,9]; and (iv) poor cosmetic outcome [10,11]. Dislodging and poor 
localisation are causes for relatively high irradicality rates for WGL ranging from 10% to 
50% [1,5,12-17]. Radioguided occult lesion localisation (ROLL) using a radioactive tracer 
(e.g. 99mTechnetium) was developed in 1996 and is nowadays used in several institutes 
as a reliable alternative for WGL[1,16,18-22]. A relatively newer and still less frequently 
used localisation technique is the ROLL technique using a radioactive marker (e.g. 
125Iodine (125I) marker), named radioactive seed localisation (RSL) [23,24]. One study 
describes the use of ROLL as an addition to WGL. [25] In this setting, the tumour 
localisation was guided by the 99mTc and the wire was used to guide intratumoural blue 
dye injection. Afterward the results of the WGL+ROLL were compared with WGL 
only. 

Tracer administration 

The principle of the ROLL technique using a radioactive tracer consists of an image 
guided intratumoural injection of this radioactive tracer. The most frequently used 
techniques to visualize the tumour are ultrasound and/or stereotaxis. The radiotracer 
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that is commonly used is 99mTechnetium (99mTc) macroaggregate albumin (MAA) with a 
particle size of 10-150µm, which is retained within the tumour without migration to 

lymph nodes and can be detected by the surgeon using a gamma probe. The dosage of 
radiolabeled MAA varies from 1 MBq to 123 MBq in literature. [26-28] 
Both the ultrasound guided as the stereotactic-guided administration routes enable real-
time feedback about the needle tip position and the tumour location. By real-time 
validation of this location a secure intratumoural injection is facilitated. (Figure 1) The 

injected suspension consists of 0.5µg MAA radiolabeled with 99mTc in a volume of 0.2ml. 
When the lesion can be accurately visualized with both stereotaxis and ultrasound, the 
preferred injection method is the ultrasound guided technique because of better needle 
tracking. [29]. For both stereotaxis and ultrasound a spinal needle (22 gauge) is 
recommended in order to facilitate the connection of the syringe with the radioactive 
tracer. Usually the radiologist introduces the needle into the tumour under continuous 
monitoring by ultrasound. Subsequently, the nuclear physician connects the syringe 
containing the radiotracer to the needle. A 1ml tuberculin syringe with Luer-Lok 
connection is strongly recommended in order to prevent leakage of the tracer during 
injection. A 0.1ml air bubble, positioned behind the radioactivity volume, in the syringe 
may help to flush the tracer rest from the needle. Figure 2 illustrates stepwise the 
procedure. Pitfalls during the tracer administration are spill on the skin (contamination), 
missed localisation, and spillage to the liver by puncturing a blood vessel.  

Combining ROLL with SLNB 

To combine ROLL with a sentinel lymph node biopsy (SLNB), two different approaches 
have been described in literature. For the first approach 99mTc MAA is injected 
intratumourally and 99mTc nanocolloid for the SLNB is injected subdermally at the level 
of the lesion[30,31]. The second approach combines the two procedures in one 
injection using 99mTc albumin nanocolloid into the tumour. This tracer has a particle size 
of 5-80 nm, and a small fraction of the radioactivity migrates from the tumour to the 
lymph nodes which enables the use of the tracer for combined ROLL and SLNB in one 
session; the procedure is also called SNOLL procedure (SN+ROLL) [2, 19, 32-35]. 
(Figure 3+4) The advantage of using 99mTc MAA is that it acts more as a point source 
compared to the 99mTc albumin nanocolloid, which partially diverges into the lymphatics. 
The advantage of using only one tracer for both procedures is a more simplistic 
procedure with only one administration.  
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Figure 1 :  Injection techniques. (a) Ultrasound guided tracer injection. The needle is positioned 
in the lesion. (b) Stereotactic guided tracer injection. The tip of the needle is positioned at the 
site of the tumour marker.  

	

	
Figure 2 :  Tracer administration procedure. (a) Ultrasound guided needle tip position in the 
lesion. (b) A 1ml tuberculin syringe with Luer-Lok connection in order to prevent leakage. (c) 
The syringe with an attached lead cover for radiation protection. (d) US guided 99mTc injection. 
A 0.1ml air bubble, positioned behind the radioactivity volume, in the syringe may help to flush 
the tracer rest from the needle. 
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Figure 3 :  Nuclear imaging. (a) A lateral and (b) an anterior view of the tracer deposit in the 
tumour. 

	

	
Figure 4 :  Sentinel node + radioguided occult lesion localisation (SNOLL). (a) Anterior image 
with the injection site. (b) Lateral image with an SN. (c) Axial CT scan with the tumour maker 
indicated with the arrow. (d) Axial SPECT/CT scan with the radioactivity deposit at the site of 
the tumour marker. 
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Imaging 

Gamma camera imaging for a ROLL procedure may be performed to ensure that the 
tracer stays locally in the breast lesion and does not disperse though the breast 
parenchyma or small vessels; it is also helpful to depict contaminations, for example, on 
the skin. Static scintigraphic imaging 10-15 minutes after administration is sufficient to 
assess this. If contamination has occurred, skin decontamination is recommended to 
avoid spurious intraoperative findings [2]. When wide spread of the radiotracer through 
the breast parenchyma is observed, another localisation technique (e.g., wire guided) 
should be considered; this happened in 4 out of 959 patients in a large study. [2] The 
necessity of imaging after secure injection of the fluid for ROLL is according to some 
authors not required or recommended [26]. In case of a SNOLL procedure, imaging 
can be accomplished according to standard SLNB imaging. In our institute, we obtain 
planar static images 15 minutes and 3 h after tracer injection followed by additional 
SPECT/CT imaging in case of inconclusive static images or aberrant drainage patterns 
for SLNB procedures. [36] (Figure 3+4) When planar images are obtained the patient 
contour can be visualized by means of a flood source positioned underneath the patient 
during the acquisition. (Figure 4)  

Surgical localisation 

The radioactive tracer can be detected during operation with a gamma probe. There 
are many types of gamma probes available for intraoperative localisation. [38] Important 
properties are the sensitivity, side shielding, thickness of the gamma probe, and 
visualisation possibilities (i.e., acoustic noise and numerical display). The first three 
properties, which are mentioned, are all dependable on each other, and the end user 
should decide what parameters do best suit their needs. For example, a more focused 
beam, thanks to more side shielding, will result in a lower sensitivity. The surgical 
excision of the lesion is performed at the operating theatre. The highest 99mTc counts 
detected transcutaneous with the gamma probe give insight in the location and guides 
the place of the incision. During the procedure, the probe guides the location of the 
tumour by measuring a count drop at the border of the marked tissue and the 
surrounding tissue. After excision the rest of the cavity is searched for further 
radioactivity exceeding the background signal. (Figure 5) If there remains signal in the 
cavity exceeding the background signal, the excision should be enlarged.  
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Innovative techniques 

Another approach is to use a portable gamma camera to localize the lesion and secure 
complete removal of the lesion. The portable gamma camera is used in conjunction 
with the conventional gamma probe. Paredes et al. proposed this method in 2008. 
(Figure 6a) In this study, it was demonstrated on 43 patients that a pinhole portable 
gamma camera was capable of imaging the surgical bed and the specimen. There was 
60% congruence between the images in terms of irradicality and centricity of the activity 
compared to histopathology. [38,39] Freehand-SPECT is another technique, which can 
be used to localize the radioactive lesion. This method consists of hovering an optically 
tracked gamma probe over the area of interest, and by measuring the radioactivity from 
multiple directions, a radioactivity map is reconstructed. In this way, real-time 
localisation of radioactivity is facilitated, and at the same time navigation with depth 
measurements is possible. [40](Figure 6b) 

Histopathology 

Frozen section analysis of imprint cytology can be performed during the procedure for 
a quick result about the irradicality. These fast methods allow for surgical extension of 
the excised tissue in the same procedure and therefore reduce the rate of secondary 
surgery.[41,42] The conventional option is permanent section analysis to establish 
tumour type and resection borders. Irradicality is defined as either focal irradical or 
irradical, and the tumour type highly influences decision-making. At the moment, there 
is no general consensus on how to act of certain minimal invasiveness at the margins. 
Adjuvant radiation and chemotherapy might be equally good compared to secondary 
surgery. [43,44] 

Overall results of ROLL 

The first ROLL procedures are described in 1998 by Luini et al. [45], and, since then, 
ROLL rapidly increased in use. The rapid introduction was caused by the increased 
need for a proper localisation method for the increasing number of non-palpable 
lesions and the good first results. At the moment, more than 29 peer-reviewed articles 
have emerged about ROLL, including multiple series of a thousand patients or more.  
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Figure 5 :  Surgical localisation. (a) The maximum signal of 99mTc is measured on the skin and 
marked. (b) The surgeon decides the best approach and accordingly places the incision. c) 
Measurement after skin incision. d) Wide excision of a large tumour. e) Control for residual 
activity after excision. 

F igure 6 :  Innovative techniques. (a) ROLL procedure with a portable gamma camera (Paredes 
et al.). The radioactivity is imaged in a very short time interval. (b) Freehand-SPECT navigation 
with declipseSPECT (SurgicEye GbmH, Munich, Germany) for a ROLL procedure. The location 
of the radioactivity is superimposed over the breast of the patient. 

Results compared to other techniques 

1. ROLL-WGL 

The largest meta-analysis comparing ROLL with WGL is the meta-analysis from Sajid et 
al. This study included 4 randomized controlled trials with a total of 449 patients 
randomized to either one of the procedures. [1,5,18,46] The meta-analysis 
demonstrated a significant favourable outcome considering positive margins and 
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localisation time for the ROLL procedure. The localisation rate, reoperation rate, 
complication rate, duration, weight, and volume were all comparable for both 
techniques. 
The same meta-analysis describes results from other non-RCTs. Seven of these studies 
describe similar results as the 4 RCTs on ROLL[5,12,26,46-49]. Further the results on 
the similarity of the excised volume and weight of the specimen concur with other 
publications[5,18,46]. Some retrospective studies do not concur with the results about 
the volume and weight[49,50]. Furthermore, the meta-analysis mentions studies with a 
reduced degree of positive margins ranging from 75 to 100% margin 
clearance[2,19,34,47,48,51]. 

2. ROLL-Ultrasound 

Another localisation method for non-palpable breast lesions is intraoperative ultrasound 
guidance. [52,53] Ultrasound guidance seems to have strong advantages compared to 
surgery by palpation only. However, in contrast to invasive breast cancer, DCIS lesions 
are usually not visible at ultrasound, and therefore, this method is not always applicable. 
This could be resolved by placing a non-radioactive marker that is visible on US, but this 
would be a cumbersome method. A study from Krekel et al. compared WGL, ROLL, 
and ultrasound guided localisation. [13] This study included non-palpable lesions but 
excluded in situ carcinomas and systemically treated tumours, and, for this selection, it 
demonstrated significant favourable results for US guided procedures based on margin 
status not taking unexpected DCIS component into account. When taking the 
unexpected DCIS component into account, there was no significant difference in 
margin status between the three groups. Altogether, intraoperative ultrasound use can 
be useful for tumour excision in certain groups, although an ultrasound-trained surgeon 
is required and this technique is only applicable for visible carcinomas.  

3. ROLL (99mTc) – RSL (125I-Seed) 

Ahmed et al. described the comparison between ROLL and radioactive seed 
localisation, and this is about the original study comparing the techniques from Donker 
et al. [54,55] This study demonstrated comparable results between the ROLL-99mTc 
technique and 125I-seed localisation when used to perform breast-conserving surgery 
after neoadjuvant systemic treatment, although the preference was 125I-seed localisation 
because this does not require additional radiological localisation shortly before surgery, 
and therefore, it simplifies surgery scheduling. The largest study comparing ROLL with 
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RSL is from Noordaa et al. [56] In this study, 403 patients were retrospectively 
analysed, 128 patients underwent RSL and 275 patients ROLL. Margin status and re-
excision rates were comparable for RSL and ROLL in patients with non-palpable breast 
lesions. A significant lower weight of the resected specimen using RSL in the DCIS 
group was found. Because of the feasibility of position verification of the 125I-seed and 
more convenient logistics, RSL was favoured over ROLL for breast-conserving therapy. 
	

Discussion 
The general consensus is that the main advantages of ROLL, using 99mTc, over WGL are 
the patient comfort, positive margins, and localisation time. The wire localisation 
technique has disadvantages such as wire dislodging, worsened cosmetics, and the 
change of dislodging which are all negated by the ROLL technique. The half-life time 
allows some flexibility, up to 24 hours, in planning the surgical procedure after the 
tracer injection. A limitation that comes with the fluid tracer is possible spread of the 
tracer. Therefore, more recently the ROLL with a radioactive marker, RSL with 125I-
seeds, has been introduced. This is a promising technique that is still barely used. We 
do expect the popularity of RSL to grow quickly[57]. 
Working with radioactivity (tracers or markers) requires strict regulations at the nuclear 
medicine department and a close collaboration with the radiology department. The 
radiation dose for patients and involved staff is limited and comparable to SN 
procedures, which are performed on a regular basis in most institutes. The radiation 
dose for patient and staff is analysed by Rampaul et al. and Cremonesi et al. The dose 
for patients is 0.45mGy and after 100 surgical procedures for surgeons 0.45mGy. The 
mean effective dose is 0.09mSv. These numbers do not exceed the limits established by 
the commission on radiological protection. [58,59] 
	

Conclusive 
ROLL, using 99mTc, is useful for localisation of non-palpable lesions in the breast, this 
includes invasive cancers, DCIS, or areas of microcalcifications. The general consensus is 
that ROLL is preferable over wire-guided localisation. There are however some 
drawbacks considering the tracer distribution and decay, although in general the patient 
comfort, cosmetic outcome, and the localisation results outweigh the drawbacks. In the 
future, we expect an increase in the use of ROLL using 125I-seeds that act more as a 
point source, allow position verification by mammography, and allow more flexibility in 
the logistics between radiology and the surgical department.  
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