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ABSTRACT

Purpose. This study compared the clinical utility of indo-

cyanine green (ICG) fluorescence and radioisotope (RI) for

sentinel lymph node (SLN) detection in breast cancer.
Methods. Women with node-negative breast cancer

underwent SLN biopsy using ICG fluorescence and RI. The

primary end point was the sensitivity of ICG fluorescence

compared with RI in the patients with tumor-positive

SLNs. Secondary end points included detection rates for

SLN, the additive effect of ICG fluorescence to RI, sig-

nature of positive SLNs according to tier, and adverse

events related to ICG administration.

Results. A total of 847 women with clinical node-negative

breast cancer underwent SLN biopsy, and 821 patients

were included in the per-protocol analysis. SLN mapping

was performed using ICG fluorescence and RI. The overall

detection of SLNs using ICG fluorescence was identical to

RI (97.2 vs. 97.0 %, P = 0.88), and the combination of

both methods achieved a significant improvement com-

pared with RI alone (99.8 vs. 97.0 %, P\ 0.001). The

detection rate for tumor-positive SLN was 93.3 % for ICG

fluorescence and 90.0 % for RI, and the sensitivity of the

ICG fluorescence method was 95.7 % (95 % CI 91.3–98.3,

P = 0.11). The additional use of ICG significantly

improved positive SLN detection for RI (97.2 vs. 90.0 %,

P\ 0.001). There were no serious adverse events related

to hypersensitivity to ICG.

Conclusions. The ICG fluorescence method may be an

acceptable alternative to SLN detection using RI in breast

cancer.

Sentinel lymph node (SLN) biopsy is the standard of

care for axillary staging in breast cancer, and the dual

tracer method using radioisotope (RI) and blue dye

achieves the highest detection rates for SLN.1–3 However,

the applicability of RI is limited to large-volume centers

with available RI facilities and nuclear medicine. The dye

method is cost-effective, but it has drawbacks, such as a

low detection rate and the need for significant physician

skill and experience.4 A novel method using indocyanine

green (ICG) fluorescence was developed in 2005 to
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overcome these problems.5 ICG is a widely used reagent in

clinical practice for assessment of liver function and car-

diac output. ICG fluorescence imaging utilizes the

characteristic fluorescence spectra of ICG within a near-

infrared optic window. This near-infrared fluorescence

imaging system visualizes subcutaneous lymphatic flow in

real time and navigates the surgeon to enable an orderly

and sequential dissection of SLN.6,7 Increasing clinical

results for the ICG fluorescence method support a higher

SLN detection rate (99–100 %) compared with the use of

blue dye.8–12 Several clinical trials demonstrated that the

ICG fluorescence method is safe and achieves a high SLN

detection rate that is comparable or superior to the RI

method.13–17 However, the data in the majority of clinical

trials that compared ICG fluorescence and RI were based

on small cohorts that did not have sufficient statistical

power to demonstrate the clinical utility of ICG fluores-

cence compared with radioactivity.

The present multicenter prospective study was designed

to obtain reliable data of the efficacy of the ICG fluores-

cence method compared with a conventional SLN

detection using radioactive tracer in breast cancer.

METHODS

Study Design

This study was a single-arm, prospective, multicenter

cohort study conducted at 12 centers in Japan. All of these

centers are governmentally authorized to perform SLN

biopsy, and participating surgeons were board-certified

breast surgeons who were well trained for SLN biopsy.

Surgical procedures for the dual technique using ICG and

RI were standardized for SLN biopsy of clinical node-

negative breast cancer in this study. A central ethics

committee (Kyoto University) reviewed the study protocol,

which was approved by the local ethics committees at all

participating sites. All patients provided informed consent

to participate in the study.

Patients and Procedures

Eligible patients were 20 to 80 years old at registration and

diagnosed with T1–2 primary breast cancer without clinical

node metastasis (cN0). Patients who underwent previous

excisional biopsy or axillary surgery or who had a history of

allergy to ICG or iodine were excluded from the study.

All surgeons performed SLN biopsy following the

standard protocol. A technetium phytate (99mTc) solution

was injected into the subareolar region of each subject

1 day before SLN biopsy or on the day of surgery. The

amount of activity in the injection was 37 MBq, and any

deviation from this dose level was recorded. Injection of RI

into the subareolar region was performed regardless of the

exact tumor location.

One spot with the highest radioactivity within the axilla

was identified on the day of surgery using a handheld

gamma probe under anesthesia (general or local). ICG was

injected into the subareolar region via the puncture point

from the 99mTc injection. ICG (0.5 %, Daiichi Pharma-

ceutical, Tokyo, Japan) was injected in a volume of 1 ml. A

PhotoDynamic Eye (PDE; Hamamatsu Photonics, Hama-

matsu, Japan) visualized the subcutaneous lymphatic

channels and localized SLNs in the operating room (Fig. 1).

Fluorescent lymph nodes were removed, and the oper-

ative field was checked for radioactivity to confirm whether

additional lymph nodes remained. Any remaining

radioactive lymph nodes in the operative field were

removed. SLNs were categorized for tracer positivity by

order and signature. The node in which fluorescent lym-

phatic flows first entered was defined as the first SLN. The

next fluorescence-positive nodes, if any, were removed as

the second and further SLNs. Excised lymph nodes that

contained ICG fluorescence and/or radioactivity were

defined as true SLNs. Palpable lymph nodes that were

neither ICG fluorescent nor radioactive were also resected

as para-SLNs.

Routine histopathologic examination or the one-step

nucleic acid amplification (OSNA) method was used for

pathologic assessments of SLN.18 SLNs for frozen section

analysis during surgery were subsequently fixed and

paraffin embedded for routine hematoxylin and eosin

staining. The use of immunohistochemistry was not

required. An SLN was defined as a tumor-positive node

when it contained[0.2 mm tumor deposit of hematoxylin

and eosin staining or C2.5 9 102 copies/lL of CK19

mRNA using the OSNA method.

Statistical Analysis

The primary end point of this study was the evaluation

of the sensitivity of the ICG fluorescence method compared

with the RI method as a current standard method. Sensi-

tivity was calculated as the percentage of patients with

tumor-positive SLN detected using ICG fluorescence in all

patients with axillary metastases as determined by RI. The

secondary end points included detection rates for SLN,

additive effects of ICG to RI, signature of positive SLNs

according to tier, and adverse events related to ICG

administration.

Rates of concordance between ICG fluorescence and RI

for positive SLN detection were examined in previous

studies to design the comparison of these two methods.

Previous results indicated that 93 % sensitivity would be

the acceptable threshold based on a higher rate of positive

SLN detection and significant clinical relevance for the
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ICG fluorescence method. The significance level was set at

5 % (one tailed) and the 95 % confidence interval of the

sensitivity was estimated on the basis of the exact binomial

distribution. Our previous findings suggested that 20 % of

the entire study population would have a positive SLN and

that the expected sensitivity of the ICG fluorescence

method would be 98 %, which required a total number of

840 patients for this study to achieve 90 % detective

power.

A planned interim analysis was scheduled in the first

200 patients registered. This analysis involved the detec-

tion rates for ICG and RI and the rate for SLN

involvement. We planned this trial on the basis of the

hypotheses that the detection rate for ICG fluorescence was

not markedly inferior to RI and that the positive rate for

SLN was 20 %. This trial would be subject to premature

discontinuation or modification of the number of registra-

tions unless the results in the interim analysis matched

these hypotheses.

When the SLN detection rate was calculated for the RI

and ICG fluorescence methods, the 95 % confidence

interval (CI) was determined using an accurate method

based on a binomial distribution. Fisher’s exact test was

used as appropriate.

RESULTS

A total of 847 women with T1–2 breast cancer were

enrolled before surgery between May 2011 and April 2013,

and 833 of these patients underwent SLN biopsy using both

ICG and the 99mTc-radiocolloid at 12 centers. Performance

characteristics for ICG fluorescence and RI accorded with

the hypotheses in the planned-interim analysis, and a total

of 821consecutive patients were included in the final

analysis (Fig. 2).

Table 1 summarizes patient and tumor characteristics.

The median patient age was 55 years (range 22–80 years),

and the median body mass index was 22.1 kg/m2 (range

14.9–38.8 kg/m2). A total of 356 (43.4 %) of the evaluated

patients were premenopausal, 526 patients (64.1 %) had

tumors B2 cm, and 295 (35.9 %) had tumors [2 cm. A

total of 665 (81.0 %) of the 821 patients had estrogen

receptor–positive breast cancer, and 66 (8.0 %) patients

had HER2-positive breast cancer. Seventy patients (8.5 %)

underwent neoadjuvant chemotherapy before SLN biopsy.

A total of 180 (21.9 %) of the consecutive 821 patients had

at least one tumor-positive SLN. Completion axillary

lymph node dissection was performed in 131 (72.8 %) of

180 patients with SLN involvement.

The mean (median) number of SLNs removed was 1.7

(1.0) for RI, 2.3 (2.0) for ICG fluorescence, and 2.4 (2.0)

for the combination of modalities. The number of SLN

removed using ICG fluorescence was significantly greater

than for RI (2.3 vs. 1.7, P\ 0.001). The number of SLNs

removed per procedure was 1, 2, 3, or [3 in 30.1, 29.1,

22.0, and 18.6 %, respectively. The overall detection rate

of SLNs was 97.0 % (796 of 821; 95 % CI 95.5–98.0) for

RI and 97.2 % (798 of 821; 95 % CI 95.8–98.2) for ICG

fluorescence (Table 2). Although there was no significant

difference between detection rates for RI and ICG

FIG. 1 Lymphatic mapping

and localization of SLN by ICG

fluorescence system during

surgery. Top row, subcutaneous

lymphatic channels are clearly

visualized after injection of

ICG. Bottom row, real-time

fluorescence imaging helps to

identify fluorescent SLN after

skin incision. SLN sentinel

lymph node, ICG indocyanine

green
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fluorescence, the combination of RI and ICG fluorescence

significantly improved detection rates compared with RI

alone [99.8 % (819 of 821; 95 % CI 99.1–100) vs. 97.0 %,

P\ 0.001].

The nodal detection rate among the 180 patients with

tumor-positive SLNs was 90.0 % (162 of 180; 95 % CI

84.7–94.0) for RI and 93.3 % (168 of 180; 95 % CI 88.6–

96.5) for ICG fluorescence. These rates were not signif-

icantly different (P = 0.18). However, additional usage

of ICG with RI was associated with a significant increase

in the detection rate for positive SLN compared with RI

alone [97.2 % (175 of 180; 95 % CI 93.6–99.1) vs.

90.0 %, P\ 0.001]. Concordance between RI and ICG

fluorescence for detection of node positivity was

observed in 86.1 % (155 of 180) patients. Positive SLNs

were radioactive but not fluorescent in 3.9 % (7 of 180)

of patients, and a further7.2 % (13 of 180) had SLNs that

were fluorescent but not radioactive. Only 5 (2.8 %) of

180 patients had a positive SLN that was neither

radioactive nor fluorescent. The sensitivity of the ICG

fluorescence method was 95.7 % (155 of 162; 95 % CI

91.3–98.3), and the lower limit of the 95 % CI could not

exceed the prespecified threshold value of 93 %

(P = 0.11).

The distribution of metastases within SLNs indicated

that 88.9 % (160 of 180) of patients exhibited involvement

of the first SLN. The signature of this first positive SLN

was 95.6 % for radioactivity, 96.9 % for ICG fluorescence

with 0.6 % exhibiting no tracer activity (Table 3). Tumor

cells bypassed the first SLN to reach the second or higher

echelon nodes in 11.1 % (20 of 180) of patients. Node

positivity was detected in 13 (65.0 %) of these 20 patients

using ICG fluorescence and in 8 (40.0 %) using radioac-

tivity with no significant difference between rates of

detection (P = 0.23).

There were no serious allergic reactions related to ICG

injections reported in 833 consecutive patients. Grade 1 to

2 nausea or vomiting and pain were observed in 8 (1.0 %)

and 6 (0.7 %) patients, respectively. A total of 17 (2.0 %)

mild adverse events were recorded, but all of these events

were attributable to the surgical procedure and not the ICG

injection.

DISCUSSION

The present study confirms that the detection rate for

tumor-positive SLN using ICG fluorescence is comparable

to RI and a combination of ICG fluorescence with RI

maximized SLN detection rates.

It is important to correctly identify tumor-positive nodes

for axillary management as false-negative results lead to

inaccurate staging in patients with lymph node involve-

ment and in turn inadequate systemic therapy. An early

study involving 23 patients reported that the false-negative

200 patients enrolled as of May 2011 

Interim analysis

847 assigned for protocol treatment

2 withdrawal of  informed consent
5 duplicated assignment

840 accepted protocol treatment

833 underwent SLN biopsy  and 
subject to safety analysis

3 screening failure
4 no data submitted

821 for final analysis 

12 not treated per protocol

Detection rate: 
ICG: 96.0% (192/200, 95% CI 92.3-98.3)
RI   : 97.0% (194/200, 95% CI 93.6-98.9)

SLN positive rate
25.5% (51/200)

FIG. 2 Study profile. SLN sentinel lymph node, RI radioisotope, ICG indocyanine green
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rate of ICG fluorescence for detection of tumor-positive

SLNs was 8 % compared with 23 % for RI.19 Verbeek and

colleagues evaluated the diagnostic impact of ICG fluo-

rescence in combination with the conventional RI

method.20 Among of a group of 16 patients with a total of

22 positive nodes, the sensitivity of ICG fluorescence was

96 % compared with 91 % for radioactivity. Samorani and

colleagues investigated 301 patients and reported that

positive SLN detection rate was 100 % for ICG and 91.3 %

for RI among 46 patients with axillary involvement.21 In

the present study, ICG attained an overall detection rate of

97.2 %, which is comparable to 97.0 % for RI in 821

patients. Tumor-positive SLNs were detected in 168

(93.3 %) of the 180 patients with axillary metastases using

the ICG fluorescence method and 162 patients (90.0 %)

using the RI method. There was no significant difference in

node positive detection rates between ICG fluorescence

and RI, but additional use of ICG fluorescence enhanced

the sensitivity of detection by RI (97.2 %). The statistical

power of this study was insufficient to demonstrate non-

inferiority of ICG, but there was a more favorable

sensitivity with higher rates of SLN detection for ICG

fluorescence compared with RI. These results potentially

support use of ICG and near-infrared (NIR) fluorescence

imaging for SLN detection irrespective of availability of RI

facilities.

ICG is the only fluorophore for clinical use that is

approved by the U.S. Food and Drug Administration

(FDA), although injection of ICG by the subcutaneous

route may only be used in the context of clinical trials. A

PDE camera is widely used in NIR fluorescence imaging

systems for SLN biopsy. This handheld device is approved

by the FDA for the visual assessment of blood flow and

tissue perfusion in real time. The cart-based SPY system

(Novadaq, Toronto, ON, Canada) has also received FDA

clearance but is used exclusively to assess blood flow and

related tissue perfusion after parenteral administration of

ICG.22 The FLARE system (Beth Israel Deaconess

Hospital, Boston, MA, USA), which has not yet been

approved, consists of an imaging head mounted on an

articulating arm and a portable cart containing control

equipment. There are two light sources for visible and NIR

optic ranges, with potential overlay of the NIR signal on

color video image of the operative field.23 These imaging

systems differ in terms of excitation source, fluorescence

collection, and working distance but achieve high sensi-

tivity and resolution for real-time imaging.

An important issue with ICG is the absolute number of

resected nodes; previous studies reported a mean number

of excised nodes between 1.5 and 5.4 for ICG and between

1.35 and 2 for RI.24 The mean number of SLN removed for

ICG fluorescence in this study was 2.3, which was signif-

icantly greater than the figure of 1.7 for RI. Axillary

dissection is currently not recommended for patients who

have one or two nodes positive for macrometastases and

who are in receipt of breast-conserving surgery with whole

breast radiotherapy and systemic treatment.25 The ICG

fluorescence method provides accurate axillary staging,

particularly for breast-conserving surgery. Tumor cells

bypassing the first SLN to reach the second or higher

echelon nodes occurred in 11.1 % of node-positive

patients, suggesting that 2.3 is an acceptable number of

excised SLNs. The removal of more SLNs may increase

the sensitivity for detection but may cause a consequent

increase in morbidity. Few patients experienced

TABLE 1 Patients and tumor characteristics (N = 821)

Characteristic No. %

Age (median, range) 55 (22–80)

Menopausal status

Premenopausal 356 43.4

Postmenopausal 465 56.6

BMI (median, range) 22.1 (14.9–38.8)

Pretreatment

None 751 91.5

Chemotherapy 70 8.5

Tumor size

T1 526 64.1

T1a 13

T1b 97

T1c 376

Unclassified 40

T2 295 35.9

ER receptor

Negative 103 12.5

Positive 665 81.0

Unknown 53 6.5

PR receptor

Negative 198 24.1

Positive 570 69.4

Unknown 53 6.5

HER2 receptor

Negative 679 82.7

Positive 66 8.0

Unknown 76 9.3

Sentinel status

Negative 641 78.1

Positive 180 21.9

Axillary lymph node dissection

Yes 131 72.8

No 49 27.2

BMI body mass index, ER estrogen receptor, PR progesterone

receptor, HER 2 human epidermal growth factor receptor 2
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complications after SLN biopsy when the ICG fluorescence

method was used, but long-term observations may provide

further information on the association between the number

of SLNs removed and patient safety.

In conclusion, ICG fluorescence imaging is a reliable

and safe alternative to radioactivity for SLN detection in

breast cancer. ICG can function in a complementary

manner to maximize the diagnostic performance of RI. The

recent trend toward decommissioning nuclear power plants

reduces access to RIs. The ICG fluorescence technique may

overcome these logistic and legislative issues in urbanized

and developing countries.
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