]ournal of

Breast
Cancer

ORIGINAL ARTICLE

] Breast Cancer 2014 September; 17(3): 250-255

http://dx.doi.org/10.4048/jbc.2014.17.3.250

CrossMark
& click for updates

Use of Fluorescence Imaging in Combination with Patent Blue Dye versus
Patent Blue Dye Alone in Sentinel Lymph Node Biopsy in Breast Cancer

Meng Tong, Wenbin Guo, Wei Gao

Department of Surgery, Breast Center, Dalian Central Hospital of Dalian Medical University, Dalian, China

Purpose: Near-infrared fluorescence imaging with indocyanine
green (ICG) has the potential to improve sentinel lymph node
(SLN) mapping in breast cancer. In this clinical trial, we com-
pared the potential value of ICG combined with blue dye with
that of blue dye alone for detecting SLNs. Methods: Patients un-
dergoing SLN biopsy (SLNB) between November 2010 and No-
vember 2013 were included. Up to December 2011, SLNs were
detected by using patent blue (PB) alone, and since January
2012, by using PB in combination with ICG. The patients were
divided into the following two groups: group A (ICG-PB; n=96)
and group B (PB; n=73), and SLN detection parameters were
compared between the groups. All patients underwent level |
and Il axillary dissections after SLNB. Results: In group A, the
SLN detection rate was 96.9% (93/96), the accuracy of detec-

tion was 98.9% (92/93), and the false-negative rate (FNR) was
3.4% (1/29). In group B, the SLN detection rate was 84.9%
(62/73), the accuracy of detection was 96.8% (60/62), and the
FNR was 11.1% (2/18). The ICG-PB group showed significantly
superior results compared to the PB group for SLN detection
(p=0.005) and a greatly improved FNR. Conclusion: The com-
bined fluorescence and blue dye-based tracer technique was
superior to the use of blue dye alone for identifying SLNs, and
for predicting axillary lymph node status in patients with breast
cancer; in addition, the combined technique had reduced false-
negative results.
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INTRODUCTION

The axillary lymph node status is the most significant prog-
nostic factor in patients with breast cancer [1-4]. Sentinel
lymph node biopsy (SLNB) is a well-established method for
evaluating axillary node status [5]. Large validated studies, in-
cluding the Axillary Lymphatic Mapping Against Nodal Axil-
lary Clearance (ALMANAC) trial, have shown that SLNB in
patients with breast cancer is a safe and reliable technique for
accurate axillary lymph node staging [6].

SLNB is performed by using different techniques, such as
injection of patent blue (PB) dye or radioactive colloids, or a
combination of both [7]. A high rate of sentinel lymph node
(SLN) detection is achievable by using these methods, but
there is no consensus on the optimal technique [7,8]. The dye
method has several benefits, including ease of use, cost effec-
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tiveness, and safety, but it has been reported that the detection
rate is lower than that of the gamma probe method, or com-
bined mapping with radiocolloids and blue dye [7]. Preopera-
tive lymphoscintigraphy facilitates intraoperative identifica-
tion of axillary nodes, but there are concerns about the limited
availability and cost of radiocolloids, and the exposure of
healthcare professionals to radiation [9,10]. In addition, the
resolution of the lymphatic drainage pathway is poor when
using radioisotope-based lymphoscintigraphy, and some sur-
geons prefer to use blue dye alone for SLN detection [11].
Studies have reported that indocyanine green (ICG) could
be used for SLN detection in patients with breast cancer [12].
The photodynamic eye (PDE) readout of ICG allows clear vi-
sualization of the lymphatic drainage pathway, and offers accu-
rate, real-time detection of the SLN during surgery [13]. How-
ever, few studies have reported the combined use of ICG with
other tracers for SLN detection in patients with breast cancer.
Various factors can influence the outcome of SLNB, includ-
ing the type of contrast agent used to mark SLNs. The aim of
this study was to evaluate the clinical utility of using a combi-
nation of ICG with PB dye versus using blue dye alone for SLN
detection in patients with breast cancer undergoing SLNB.
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METHODS

Patients

Preoperative diagnosis was determined on the basis of the
results obtained with physical examination, mammography,
ultrasonography, and core biopsy. Patients with a confirmed
pathological diagnosis of early-stage breast cancer (N=169,
all women), undergoing SLNB at the Breast Center of Dalian
Central Hospital, were enrolled between November 2010 and
November 2013. Up to December 2011, SLNs were detected
by using PB dye alone, and since January 2012, by using a
combination of PB and ICG. The patients were divided into
group A (ICG-PB; n=96) and group B (PB; n=73). Inclusion
criteria were histopathological diagnosis of breast cancer, a
single lesion with a tumor diameter <3 c¢m, no previous
breast or axillary surgery, and absence of clinically positive ax-
illary lymph nodes. Axillary lymph node status was assessed
before surgery by using ultrasonography with a 10-MHz lin-
ear transducer (Voluson 730 Expert; GE Healthcare, Chalfont
St. Giles, UK). Exclusion criteria included previous surgeries
and/or radiotherapy to the breast, neoadjuvant chemotherapy,
and definite lymph node metastases, diagnosed on palpation
and via ultrasonography. In patients diagnosed with ductal
carcinoma in situ (DCIS) by using core needle biopsy, biopsy
samples and imaging examinations were recommended to
detect the SLN if the lesion was extensive or if palpable tu-
mors were present, in order to avoid underestimating the pa-
tient's condition preoperatively. Written consent was obtained
from all enrolled participants, and the study was approved by
the institutional ethics committee of Dalian Central Hospital
(IRB approval number: 2010003).

Operative procedure
SLN identification in group A

A 3-minute breast massage was performed following a sub-
areolar injection of a 2.0-mL mixture containing ICG (10 mg)
and PB (15 mg). Subsequent image acquisition was conducted
by using a PDE (Hamamatsu Photonics, Hamamatsu, Japan)

[

251

with the near-infrared light source provided by room fluores-
cent lighting (760 nm wavelength). The lymphatic transport of
ICG was observed in real-time with fluorescence imaging for 5
to 10 minutes after the injection, by which time the ICG had
generally reached the axillary lymph nodes. The fluorescence
emitted by ICG was followed from the areola towards the axil-
la, and the observed subcutaneous lymphatic drainage path-
way was marked on the skin at the point which the fluorescent
signal disappeared. A skin incision was made at this point
(Figure 1). All fluorescent and/or blue nodes were excised and
regarded as SLNG.

SLN identification in group B

After the administration of anesthesia, a 1% solution of PB (1
mL) was injected into the subareolar region and skin overlying
the tumor. The whole breast was compressed and massaged for
5 minutes. All lymph nodes containing blue dye were harvest-
ed, and were considered the total population of SLNG.

Verification of axillary node status

Following SLNB, a level I and II axillary lymph node dissec-
tion was performed to verify axillary node status. Intraopera-
tive frozen-section staining with haematoxylin and eosin
(H&E) was performed. When this was negative, further serial
sectioning was performed on paraffin-embedded tissue blocks.
Ten sections were obtained from each block of tissue and
stained with H&E, or immunostained for epithelial membrane
antigen (EMA; DAKO, Glostrup, Denmark). Formalin-fixed,
paraffin-embedded tissue sections of nonsentinel lymph nodes
were stained with H&E.

Any remaining SLN tissue was formalin-fixed and paraffin-
embedded for routine histopathological examination. The re-
sults of paraffin-embedded and frozen-section analysis were
compared.

Statistical analyses
All data were analyzed by using the SPSS software statistical
package for Windows version 12.0 (SPSS Inc., Chicago, USA).

Figure 1. Near-infrared fluorescence imaging during sentinel lymph node (SLN) mapping. (A) The periareolar injection site and afferent lymphatic duct
are clearly observed. (B) A skin incision made at the point where the fluorescence disappeared, and a strong fluorescence is seen clearly after inci-
sion. (C) Lymphatic flow in the axilla is identified. (D) A resected SLN with fluorescence imaging reconfirmed by photodynamic eye.
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The Fisher exact test, chi-square test, and Student t-test were
used to compare data between the two groups. p-values of
<0.05 were considered statistically significant.

RESULTS

Characteristics of patients in groups A and B are presented
in Table 1. There were 12 cases of DCIS with Tis stage in group
A, and 11 cases of DCIS in group B, as determined from core
biopsies taken preoperatively. However, postoperatively, six of
12 patients with Tis in group A, and six of 11 patients in group
B had microinvasive carcinoma, as determined by assessment
of paraffin-embedded tissue sections. The average number of
SLNs detected in group A (3.8+0.9) was higher than that de-
tected in group B (2.4£0.7).

Of the 96 SLNB procedures carried out in group A, 93 had
SLNs successfully identified, an identification rate of 96.6%
(93/96). There were 10 patients whose SLNs were identified

Table 1. Clinical characteristics of the 169 women undergoing surgery
for breast cancer

Characteristic Grou'\?o.A (5,2)_ €3 Groul\p‘)ol? (E’Z)_ el
Age (yn)* 54.2 (30-82) 56.8 (32-86)
Tumor stage

Tis 6(6.3) 6(8.2)

Timic 6(6.3) 5(6.8)

T1a 3@3.1) 1(1.4)

T1b 15 (15.6) 12 (16.4)

Tic 28 (29.2) 27 (37.0)

T2 38(39.6) 22 (30.1)
No. of SLN* 3.8+0.9 24+0.7
Tumor location

Right 53 (65.2) 38 (62.1)

Left 43 (44.8) 35(47.9
Histologic grading

| 10(10.5) 8(11.0)

I 56 (58.3) 45 (61.6)

Il 30(31.2) 20 (27.4)
Lymph node metastasis

Negative 67 (69.8) 55 (75.3)

Positive 29(30.2) 18 (24.7)
Hormonal status

ER-negative 45 (46.9) 32 (43.9)

ER-positive 51 (63.1) 41 (56.2)

PR-negative 58 (60.4) 42 (57.5)

PR-positive 38 (39.6) 31 (42.5)
HER2 status

Negative 76 (79.2) 61 (83.6)

Positive 20 (20.8) 12 (16.4)

mic =microinvasive breast carcinoma; SLN=sentinel lymph node; ER=
estrogen receptor; PR=progesterone receptor; HER2=human epidermal
growth factor receptor 2.

*Mean (range); "Mean +SD.

http://ejbc.kr

MengTong, et al.

only by using fluorescence. Thus, if blue dye alone had been
used for the procedure, 10 patients would not have had SLNs
identified, giving an identification rate of 86.4% (83/96). The
false negative rate (FNR) was 3.4% (1/29), and the accuracy of
detection was 98.9% (92/93) (Table 2). SLNs from four patients
had micrometastases, with some of the corresponding axillary
nodes also showing metastases. In contrast, 1 patient with mi-
crometastasis in the axillary nodes had no positive SLNs, ac-
cording to the final histology; this was a false-negative case.
Twenty-eight patients in group A had detectable metastases in
the SLNs, and three of these were fluorescence-positive but
dye-negative. Two of the patients did not have metastases in
lymph nodes other than SLNs, which were subsequently re-
sected. Therefore, if ICG had not been used, the FNR would
have reached 13.7% (4/29) (Table 3).

In group B, the SLN identification rate was 84.9% (62/73),
the FNR was 11.1% (2/18), and the accuracy of detection was
96.8% (60/62). Micrometastases in the SLNs were detected in
three patients, but the corresponding axillary nodes were mi-
crometastases-free. In contrast, two patients with micrometas-
tases in the axillary nodes had negative SLNs.

No statistically significant differences in the accuracy of de-
tection were seen between the two groups. The SLN identifica-
tion rate was significantly higher in group A than in group B
(p=0.005). If ICG had not been used for the procedure in
group A, there would have been no difference in the identifica-
tion rate between the two groups (86.4% vs. 84.9%, p=0.778).
There was a definite improvement in the FNR, from 11.1% to
3.4%, by using ICG, although there was no significant differ-

Table 2. Sentinel lymph node status by indocyanine green and patent
blue alone navigation in the two groups

Group A (n=96) Group B (n=73)
No. (%) No.(e  Pvale
SLN identified 93 (96.9) 62 (84.9) 0.005
Positive lymph node 29 (30.2) 8(24.7) 0.425
Positive SLN 28(29.2) 6(22.2) 0.287
Accuracy 92/93 (98.9) 60/62 (96.8) 0.341
False-negative rate 1/29 (3.4) 2/18 (11.1) 0.296

SLN=sentinel lymph node.

Table 3. Characteristics of the three patients whose sentinel lymph
node metastases were confirmed only by florescence in the group A

State of SLN No. of
Case o
PB-positive ICG-positive metastasis LNs
1 1 2 1
2 0 3 1
3 1 6 3

SLN=sentinel lymph node; PB=patent blue; ICG=indocyanine green; LN=
lymph node.

http://dx.doi.org/10.4048/jbc.2014.17.3.250



Sentinel Lymph Node Biopsy in Breast Cancer

ence in this improvement between the two groups (p=0.296).

DISCUSSION

In recent years, there has been a focus on diagnostic and
therapeutic benefits of lymphatic vessel and lymph node imag-
ing for malignant and nonmalignant pathologies [14]. Lym-
phography, in preparation for SLNB, has come to the fore as a
major field of application in lymphatic imaging for malignant
neoplasia with potential lymphatic spread; it has also been
shown to have a significant impact on overall prognosis [14,15].

Some studies have demonstrated an improved identifica-
tion rate and lower FNR by using a combination of dye-based
and radioisotope (RI) imaging [16]. McMasters et al. [17] re-
ported an SLN identification rate of 98.0% and a FNR of 6.5%,
when using a combination of RI (dermal injection) and iso-
sulfan blue dye. The SLN identification rate when using dye-
based methods alone, has been reported to be around 85% in
a number of different studies, suggesting that the lower identi-
fication rate is intrinsic to the technique, and not related to the
surgeon’s performance [18].

ICG has been used as a tracer for over 40 years and has
demonstrated an excellent safety profile in clinical use [19,20].
Kitai et al. [21] have previously demonstrated the utility of flu-
orescent imaging with ICG for SLNB in patients with breast
cancer. Fluorescence-guided imaging with ICG has many ad-
vantages compared to conventional methods, including the
combination of transcutaneous and in situ navigation, real-
time lymphography, a low incidence of adverse reactions to
ICG, and a high sensitivity, without the need for radiation
[9,22]. Therefore, fluorescence imaging combines the advan-
tages of the established radiocolloid and dye labeling methods
for SLN detection.

In this study, all SLNs were identified exclusively by bright
fluorescence and/or dye labeling (Figure 1). The identification
rate of SLNs by using ICG-PB was similar to or better than
previously reported rates obtained by using a gamma probe, or
those by using a combination of a gamma probe and dye
[8,23]. In addition, the ICG-PB guided detection rate was sig-
nificantly better than PB-guided detection alone (p=0.005),
and ICG-PB guided detection had the added advantage of
transcutaneous real-time detection when using a PDE camera.

In the published literature, the FNR for SLNB when using
PB alone is usually >5%, which, according to current guide-
lines, is considered unacceptable. The FNR in group B was
> 11%, considerably higher than the acceptable limit. Although
the FNRs were not statistically different between the two meth-
ods in this study due to the relatively few false-negative results,
the FNR was reduced with the use of ICG-PB, and this finding

http://dx.doi.org/10.4048/jbc.2014.17.3.250
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may be clinically meaningful. Therefore, the reduced FNR of
< 5%, obtained by using the combined technique in our study,
is highly desirable and offers an excellent clinical benefit.

In our study, ICG-PB identified more SLNs per patient than
PB alone, although the accuracy of detection between both
techniques was comparable (p=0.341). The tendency for more
SLNs to be identified by using ICG-PB is most likely due to the
higher sensitivity of the ICG PDE device. In addition, Hojo et
al. [24] suggested that an increased number of SLNs identified
by using ICG could be due to the low molecular weight and
high degree of diffusion of ICG that allows it to spread beyond
the first SLN to the secondary draining lymph nodes, whereas
the diffusion of PB may be limited.

During the procedure, a high number of SLNs were re-
moved for analysis because a recent publication has shown that
the examination of two nodes provides 91% to 98% accuracy
of axillary nodal status, whereas the examination of four nodes
provides >98% accuracy [25]. In four patients from group A,
SLNs contained only micrometastases, while some of the axil-
lary nodes removed were metastatic in these patients. This em-
phasizes the role of a thorough histopathological examination
of SLNs for micrometastasis detection. There is an ongoing de-
bate about whether every SLN-positive patient should undergo
routine axillary lymph node dissection (ALND), especially in
the case of micrometastasis [24,26]. The data presented here
suggests that it would be safer to conduct ALND in all SLN-
positive patients. In a small number of patients in group A, the
PB dye did not detect metastases in the SLN, but in those pa-
tients, metastases were detected by ICG, suggesting that the
dye method should be combined with the fluorescence meth-
od for cases that are difficult to diagnose.

A disadvantage of ICG is leakage and adaptation of ICG
fluorescence that causes halation of the image, or an auto-flu-
orescent glow in the entire surgical field. When the first SLN
is removed, ICG spreads throughout the surgical field, which
can make identification of other fluorescent nodes difficult. In
the current study, this problem was circumvented by ligating
the main lymphatic duct at a site proximal to the first SLN, to
avoid lymphatic fluid retention; ligation of the afferent lym-
phatic vessel prevents ICG from accumulating in the opera-
tive field.

There is a learning curve involved in the effective perfor-
mance of SLNB [27,28]. SLNs can be detected more rapidly
and precisely as a surgeon gains more experience of SLNB cas-
es. The blue dye method is generally recognized as being more
difficult to learn [29]. The addition of ICG fluorescence to blue
dye enabled visualization of lymph flow from the breast to the
axilla, and SLNs were identified and resected more rapidly by
using this combined approach. The ICG method was particu-
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larly beneficial in difficult cases where SLNs were not readily
identified by using the dye method.

Until recently, few studies have reported the combined use
of ICG with other tracers for SLN detection in patients with
breast cancer [24]. Although the initial data appear promising,
no concrete data are available on FNRs because ALND was
not performed.

This study demonstrated that SLNB by using the ICG-PB
technique is feasible and safe for the intraoperative detection of
SLNs, and does not require any specialized training. However,
a further validation study is needed to evaluate its safety and
feasibility in a large number of patients.

In summary, ICG-PB-based detection of SLNs permitted
the real-time and intraoperative visualization of the lymphatic
drainage pathway, from the areola towards the axilla. The com-
bined use of ICG fluorescence with a visible dye is a highly
sensitive and safe method for SLN identification, has a lower
FNR, and does not involve exposure to radiation. This dual
method is of increased clinical benefit in cases where no radio-
tracers are available.
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