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Abstract

Advanced breast cancer screening techniques and their availability increased the number of non-palpable breast lesions requiring sur-
gery. Consequently reliable and efficient therapeutic management permitting accurate localization and removal of these occult lesions is
essential.
Aims: In our study we evaluated radioguided occult lesion localization (ROLL) for effectiveness of localization, oncological safety and
feasibility of concomitant sentinel node biopsy.
Methods: Hundred patients (120 lesions) underwent ROLL and tumour excision with or without sentinel node biopsy after confirmed his-
topathological findings via intra-tumoral injection of Tc99m-labelled macro-aggregate albumin for ROLL and Tc99m-labelled nanocolloids
with periareolaresubdermal injection for simultaneous sentinel node biopsy.
Results: Our detection rate for ROLL was 98.3%, respectively, 98.6% for sentinel nodes in cases of concomitant sentinel node biopsy. We
had a radical excision rate of 55 out of 69 cases of invasive ductal cancer and 17 out of 26 cases of DCIS to achieve 1 mm, respectively,
10 mm tumour-free margins.
Conclusions: Intra-tumoral tracer injection of for ROLL and periareolaresubdermal tracer injection for simultaneous sentinel node biopsy
seem to be a sensitive technique. According to our results ROLL is a safe, precise and simple technique permitting definitive therapeutic
removal of malignant or premalignant breast lesions. The high detection rate of the sentinel node in cases with concomitant sentinel node
biopsy shows that the combination of both procedures is possible and safe.

In our opinion ROLL is an excellent therapeutic option after histological confirmation of malignancy or premalignant disease.
� 2008 Elsevier Ltd. All rights reserved.
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Introduction

During the last 10 years the number of non-palpable
breast lesions has significantly increased because of the
widespread use of breast imaging techniques and imple-
mentation of mammographic screening programs. More
than one third of all excised breast lesions are occult.1

Precise localization of non-palpable lesions is essential
to guarantee cancer clearance without compromising good
cosmetic results. Until now the standard method in many
centres was wire localization, which has several disadvan-
tages. During surgery the wire may be displaced or severed
or injure patient and staff. The procedure is uncomfortable
for the patient. Foreign bodies in the specimen may inter-
fere with the examination. In addition the entry site of
the wire often is different from the site where the surgeon
ideally would place his skin incision. The surgeon needs
to follow the wire through healthy tissue till the lesion is
found, leading to extensive specimen excision and bigger
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tissue damage. Furthermore wire localization was typically
performed in the morning of the operation, often delaying
the operating-schedule.

Alternative localization techniques have been introduced
during the last years. The ROLL technique has been devel-
oped at the European Institute of Oncology, Milan more
than 10 years ago.2e4 It is a well known and evaluated
method,1e11 but still not used in a lot of centres. ROLL
can be used as a diagnostic and therapeutic method for
management of non-palpable breast lesions.

The aim of this prospective controlled clinical trial was
to evaluate feasibility of ROLL as a therapeutic and diag-
nostic procedure with special focus on oncological require-
ments thereby encouraging a more widespread use.
Regarding oncological safety the percentage of free surgi-
cal margins and the feasibility of concomitant sentinel
lymph node biopsy were studied.

Material and methods

The Gynaecology Department of the Kantonsspital
Aarau is a public teaching hospital for gynaecological
oncology including senology. Till 2004 wire localization
was the standard procedure for intraoperative detection of
non-palpable breast lesion. We started ROLL in 2004.

Patient population

The first 20 cases were performed as a pilot project. The
following 100 patients (from October 2004 to April 2007)
were prospectively evaluated according to this study proto-
col. All patients were informed about the study and con-
sented to participate. The local ethical committee was
informed and waived an approval because ROLL was
established as standard procedure in our clinic in 2004.
All patients had malignant or premalignant disease.

For all patients pre-operative histological confirmation
of the lesions was performed either by sonographic guided
core biopsy, if the lesion was detectable by ultrasound or by
stereotactic Mammotome� biopsy, if it was only detectable
by mammography.

Medical staff and preparations

All operations were performed by 4 experienced seno-
logic surgeons and pre-operative tumour localization was
performed interdisciplinary by 2 senior radiologists experi-
enced in breast imaging and a senior nuclear medicine spe-
cialist. Tumour localization was always completed the
afternoon before surgery, about 17e22 h before surgery.

Tracer injection techniques

A 0.1-0.15 ml of Tc99m-labelled macro-aggregated
albumin (MAASOL, GE Healthcare) was directly injected
into the lesion under ultrasonographic or stereotactic

guidance corresponding to a dose of 20e40 MBq without
adding a radiological contrast medium. All patients had
a scintigraphy after injection and via gamma probe detec-
tion the skin above the maximum radioactivity was marked
with a non-washable pen.

In 72 cases with pre-operatively confirmed malignancy
concomitant sentinel node marking was completed the
day before surgery simultaneously with tumour localiza-
tion. For sentinel node mapping Tc-99m-labelled nanocol-
loids (Nanocoll�, SOLCO Basel AG) were injected
periareolarly subdermally to avoid interference during tu-
mour localization. In cases of DCIS sentinel node biopsy
was omitted.

Intraoperative proceeding

The skin incision was placed at the most convenient site
for the surgeon, ideally directly above the maximum radio-
activity. Intraoperative detection was performed with
a handheld gamma probe (C-Trak�, Care Wise Medical
Products Inc.).The area of maximum radioactivity was
excised according to the radiological size of the lesion
about 2 cm circumference from the expected margin of
the lesion. After complete excision the area was monitored
for residual radioactivity. The native weight of the speci-
men was measured intra-operatively. The operating time
was defined as the time between skin incision and total
excision of the specimen.

In cases where the lesion was detected pre-operatively
by mammography and marked with a metal clip or if resid-
ual microcalcifications were present specimen radiography
was performed intra-operatively. As all the lesions were not
palpable no frozen section was performed.

Clearance margins of 1 mm and more for invasive can-
cer and 10 mm for DCIS were considered sufficient; if mar-
gins were inadequate a second intervention followed.

Results

Patients data

The average age of the women in our study was 62 years
(27e85). A total of 100 patients were operated according to
this study protocol. In 80 cases a single lesion was localized
in one breast (Fig. 1). In 15 cases 2 lesions (Fig. 2) were
localized in the same breast and in 5 cases an additional
lesion was localized in the contralateral breast. ROLL
was used mostly as a therapeutic procedure with a few
additional diagnostic cases as pre-operatively all 100
patients had histologically proven malignancy or premalig-
nant breast disease of at least 1 lesion. Eighty-eight of the
lesions were localized by ultrasound, 32 by stereotaxy.
Twenty-nine of all lesions were only detectable by ultra-
sound without a correlation in the mammography.

A total of 72 procedures with pre-operative proven
malignancy were performed in combination with sentinel
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node biopsy. In 61 cases a concomitant sentinel node
biopsy was performed, with 1 lesion in the breast
(Fig. 3), in 10 cases a sentinel node biopsy was performed
with 2 lesions localized in the same breast and in 1 case
a bilateral ROLL excision with bilateral sentinel node bi-
opsy was performed.

Peri-operative outcome

The average pre-operative localization time was 14 min
(2e30); respectively, 14.6 min (5e30) per lesion for cases
with 2 lesions.

One hundred and eighteen of the total 120 lesions could
definitely be identified during surgery. In 2 cases with a sin-
gle lesion, the lesion could not be identified intra-
operatively probably due to incorrect site injection of the

tracer. Both of these cases were localized by stereotaxy.
The intervention was stopped and the lesion was success-
fully detected some days later. We performed an
intraoperative X-ray on surgical specimen in 91 of the
excised lesions, in 29 no X-ray was performed, because
the lesion was only detectable by ultrasound.

In patients with 2 lesions both could be detected intra-
operatively without any problems. According to these results
the total detection rate for ROLL in our study was 98.3%.

There were no difficulties detecting the lesion in the 72
cases where concomitant sentinel node biopsy was per-
formed. In cases in which ROLL was combined with senti-
nel node biopsy the sentinel node could be identified by
lymphoscintigraphy in 71 of 72 cases.

The average duration of the surgery was 27.8 min
(10e45) for all cases and 22 min (8e32) for the cases with
only 1 lesion. The average specimen weight was 48.5 g
(7e130) and the mean tumour size in the 80 cases with inva-
sive cancer was 10.9� 9.7� 8.5 mm. Specific tumour char-
acteristics like histological results, percentage of involved
sentinel nodes, TNM stadium and tumour localization are
shown in Table 1. The peri-operative outcome is shown in
Table 2.

Surgical margins

In cases with invasive ductal carcinoma (n¼ 69) the
average distance from tumour to the shortest surgical mar-
gin was 5.8 mm (0e9 mm). In 14 cases it was less than
1 mm. In all these cases a re-intervention was performed.

In the 26 cases with DCIS the average shortest distance
to the surgical margin was 7.3 mm (0e22 mm). In 9 cases
the free surgical margins were less than 10 mm. In the 11
cases with invasive lobular carcinoma the average shortest
distance to free surgical margins was 6.3 mm (0e8 mm).

Figure 1. Scintigraphy of a patient after ROLL with 1 lesion in the left

breast.

Figure 2. Scintigraphy of a patient with 2 contained lesions in the right breast after two ROLL procedures with Tc99m-labelled MAA. On the right side:

scintigraphy of the specimen after excision.
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In 3 of these cases the free surgical margins were less than
1 mm. With our strategy to achieve 1 mm free margins for
invasive cancer and 10 mm for DCIS we achieved a radical
excision of 55 out of 69 cases of invasive ductal cancer and
17 out of 26 cases of DCIS.

Complications

No severe peri-operative complication occurred. One
patient had to be re-operated 12 h after intervention be-
cause of a large haematoma. One patient presented with

necrosis of the mammilla probably not associated with
the ROLL technique but with the retro-areolar
localization of the lesion and resection of too much
retro-areolar tissue.

Discussion

The advancement in breast cancer screening techniques
and their widespread availability increased the number of
non-palpable breast lesions requiring surgery. Conse-
quently a reliable, safe and efficient management permit-
ting accurate localization and removal of these occult
lesions after histological confirmation of malignant or
premalignant breast disease has become essential. Further-
more in cases with proven malignancy easy and safe com-
bination with sentinel node biopsy is important for
effective therapy.

In most centres worldwide wire guided localization is
still standard despite the many known disadvantages of
this method mentioned previously.

ROLL was introduced in 1996 at the ‘‘European Insti-
tute of Oncology’’.2 In many studies radioguided occult
lesion localization (ROLL) has established itself as a precise
and efficient method for the localization of non-palpable
breast lesions.1e9

The aim of the present study was to evaluate the ROLL
procedure looking at the effectiveness of localization, the
oncological safety regarding the percentage of involved
margins and the feasibility of concomitant sentinel node
biopsy in order to establish a reliable and safe therapy. To
our knowledge this is the third largest prospective con-
trolled trial evaluating radioguided occult lesion localiza-
tion (ROLL) of non-palpable breast lesions with or
without sentinel lymph node biopsy.9

Figure 3. Scintigraphy of a patient after ROLL of 1 lesion with concomi-

tant mapping of the sentinel node.

Table 1

Histopathological findings

Number %

n¼120

Invasive ductal carcinoma 69 57.5

Invasive lobular carcinoma 11 9.2

Ductal carcinoma in situ 26 21.7

Others 14 11.7

Sentinel nodes n¼ 72

Positive 17 23.9

Micrometastases 5 7

Macrometastases 12 16.9

TNM classification n¼ 73

T1a 9 12.3

T1b 24 32.9

T1c 31 42.5

T2 9 12.3

Localization of malignant lesions n¼ 80

Lower inner quadrant 39 48.8

Upper outer quadrant 22 27.5

Upper inner quadrant 12 15.0

Lower outer quadrant 7 8.8

Table 2

ROLL: peri-operative outcome

n

Number of patients 100

Number of excised lesions 120

Combination with sentinel node biopsy 72

Localisation

Ultrasound (%) 87 (73)

Stereotaxy (%) 32 (27)

Median time for preop. localization 14.0 min (2e30)a

Operation

Median operating time 27.8 min (10e45)a

Median weight of specimen 48.4 g (7/130)a

Rate of radical excision for invasive cancer

(1 mm free margin) (%)

80

Rate of radical excision for DCIS

(10 mm free margins) (%)

65

Rate of detection for ROLL (%) 98.3

Rate of sentinel node detection (%) 98.6

a Median (range).
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Oncological safety of the ROLL procedure

There are two randomised controlled trials comparing
ROLL with wire localization5,6 which concluded that
ROLL is easier to perform for radiologists and surgeons,
has a better cosmetic outcome and was less painful for
the patient than wire localization. Unfortunately the rando-
mised trials on ROLL failed to provide essential data about
oncological safety. In the study by Rampaul et al.6 the
tumour-free margins are not mentioned and in the study
by Medina-Franco et al.5 the number of patients with
malignancy in both groups was very low (n¼ 8).

To our knowledge only a few trials evaluating radio-
guided surgery for excision of malignant or premalignant
diseases address involvement of margins and re-
intervention rates.5,7,9

In our study we could demonstrate that in the cases with
invasive ductal carcinoma 80% cases had tumour-free
margins after one intervention. These results are similar
to findings of Thind et al., who reported clear margins in
84% using the same definition criteria for free margins in
invasive cancer.9

Our re-intervention rate of 14 out of 69 for invasive duc-
tal breast cancer compares satisfyingly with the literature
and is about the same as for cases with palpable breast can-
cer in our institution.

We found a higher rate of involved margins in cases with
DCIS than in cases with invasive ductal carcinoma. One
reason is that we defined 10 mm as optimal margins for
DCIS and 1 mm for invasive cancer. In other studies
5 mm free margins were accepted for DCIS, thus a higher
rate of clear margins was achieved.1 In conclusion with
these findings we will plan our resection line further
away from the centre of radioactivity in cases when
DCIS is proven pre-operatively (about 3e4 cm from the
expected margin of the lesion according to its pre-operative
radiological size) in order to achieve a higher definite
removal rate.

The therapeutic aspect of ROLL has not been considered
sufficiently in many studies as most authors still use ROLL
as a diagnostic method. For better surgical planning and the
possibility of concomitant sentinel node biopsy ROLL, in
our opinion, should definitely be regarded as a therapeutic
procedure after confirmed histological result.

Technique of tracer injection for ROLL

In our study we had a 98.3% detection rate of all lesions
using Tc99m-labelled macro-aggregated albumin injected
in the centre of the lesion. According to our results and
those of other studies using the same tracer and the same
injection technique2,13 we believe that MAA as a big mol-
ecule with a low risk of dislocation is the ideal tracer for
ROLL. We think that the combination with a radiological
contrast medium with completely different rheological
characteristics than MAA as it was mentioned by Rampaul

et al.6 or Patel14 cannot assure a correct placement of the
ROLL-tracer. Thus, according to our results showing
a detection rate for ROLL of 98.3%, in our opinion, adding
a contrast medium does not seem to be necessary.

Combination ROLL and sentinel node biopsy

As ROLL is an excellent technique to remove small
breast cancers it is very important to simultaneously per-
form sentinel node biopsy without compromising oncolog-
ical safety and the detection rate of the sentinel node.

Different techniques have been described to identify the
sentinel lymph node in combination with ROLL. The only
study on this subject we know of was conducted in 2004 at
the European Institute of Oncology, Milan by De Cicco
et al.12 It compared three different radiotracer injection
modalities to simultaneously localize the occult lesion
and mark the sentinel node. In this study it could be dem-
onstrated, that the sensitivity for sentinel node localization
when combined with ROLL was significantly higher if
nanocolloids were injected subdermally for sentinel detec-
tion compared to a single intra-tumoural application of
nanocolloids or a combination of MAA intra-tumourally
for ROLL and nanocolloids peri-tumourally for sentinel
marking. Due to these findings we decided to adjust our
study protocol accordingly with a minor modification. In
reference to the procedure guidelines for sentinel node
detection of the European Association of Nuclear Medicine
published in 2007 the subdermal injection of nanocolloids
was placed periareolarly13 as these guidelines favour this
method especially for non-palpable lesions. This also
avoids interference intra-operatively and thus makes the
excision easier for the surgeon. In cases with lesions
located near to the areola intraoperative interference
between the ROLL-tracer and the sentinel node mapping-
tracer could be avoided by elevation of the dermis and
the subdermal area after the skin incision.

We do not see any advantage in performing a single
injection of nanocolloids intra-tumourally as it was
mentioned by other authors15,16 because the sensitivity of
sentinel node detection seems to be lower12 and the intra-
tumoural injection for sentinel node identification is not
supported in the guidelines of the European Association
of Nuclear Medicine.13

With a sentinel node detection rate of 98.6% and
a ROLL detection rate of 98.3% our results show that peri-
areolaresubdermal injection of nanocolloids and MAA
injection in the centre of the lesion without adding a radio-
logical contrast medium seems to be a safe and accurate
method when both ROLL and sentinel node localization
are combined.

Specimen size

The average specimen weight of 48.5 g in our study is
difficult to compare with other studies as the comparison
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of specimen weight should take into account the histologi-
cal findings and the fact whether ROLL was used as a ther-
apeutic or a diagnostic procedure. Despite this our results
seem to compare well with other studies reporting speci-
men weights of 38 and 40 g, respectively.1,7

Surgeons view

In our experience as breast surgeons the ROLL method
is easier and safe because the skin incision can be placed
exactly above the lesion an important factor regarding
malignancy. Also convenient for the surgeon is the fact
that the lesion can be localized several times during surgery
and the resection lines can be defined more precisely com-
paring it with our prior technique (wire localization). Good
interdisciplinary work is essential for the success of the
technique.

Conclusion

ROLL is a very accurate and safe technique for localiza-
tion and definite excision of non-palpable breast lesions
with many advantages for the breast surgeon, the radiolo-
gist, the nuclear medicine specialist and the patient.

ROLL can be combined with sentinel node biopsy with-
out difficulty if malignant disease is present without com-
promising the safety and detection rate of the sentinel
node. If both procedures are performed simultaneously the
combination of MAA intra-tumourally and nanocolloids
periareolarly subdermally seems to be the method of choice.

ROLL can easily be performed at any institution equip-
ped for sentinel node biopsy.
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