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ARTICLE INFO ABSTRACT
Keywords: Background: The breast cancer treatment paradigm has shifted to neoadjuvant treatment. There are many ad-
Sentinel lymph node biopsy vantages to neoadjuvant treatment, such as tumor downsizing, in vivo tumor biology testing, treating micro-

Indocyanine green
Locally advanced breast cancer
Neoadjuvant chemotherapy

metastasis, and achieving complete pathological response (a surrogate marker for overall survival). However, in
the post neoadjuvant settings, sentinel lymph node biopsy can be done using a dual staining technique to
decrease the false-negative rate (FNR) and increase the detection rate. However, many hospitals are not equipped
to use radioisotopes. Here we investigate the detection rate and accuracy of sentinel lymph node biopsy in post
neoadjuvant treatment breast cancer, comparing radioisotope, isosulfan blue, and indocyanine green (ICG)
approaches.

Material and methods: This prospective study includes breast cancer patients (T2-4, N1-2) who had received
neoadjuvant treatment. Carcinomas were confirmed by tissue pathology. Patients who had previous surgical
biopsy or surgery involving the axillary regions, and those with a history of allergy to ICG, isosulfan blue, or
radioisotope were excluded from the study.

Result: The study was done between July 1, 2019 to March 31, 2020. The mean age of participants was 53 years.
Fourteen (60.87%) were post-menopause, two (8.7%) were perimenopause, and seven (30.43%) were pre-
menopause. The clinical-stage distribution of the participants was: 2A (8.7%), 2B (34.78%), 3A (43.48%), and 3B
(13.04%). The primary tumor size was 4.82 + 2.73 cm. The lymph node size was 1.8 & 0.96 cm. The detection
rates at the individual level were 95.23% with ICG, 85.71% with isosulfan blue, and 85.71% with a radioisotope.
The detection rate increased up to 100% when the ICG and blue dye methods were combined. The FNRs of
sentinel lymph node biopsy at the individual level were: 10% using ICG, 30% using isosulfan blue, and 40% using
radioisotope. At the lymph node level, the detection rates were 93.22% using ICG, 81.78% using isosulfan blue,
and 53.87% using a radioisotope. The FNRs of sentinel lymph node biopsy at the lymph node level were 19.05%
with ICG, 21.43% with isosulfan blue, and 18.03% with a radioisotope. However, the FNR was less than 10%
when ICG, isosulfan blue, and a radioisotope were combined.

Conclusion: We can perform sentinel lymph node biopsy by combining blue dye with ICG as an optional modality
and achieve a comparable outcome with combine radioisotope in locally advanced breast cancer after neo-
adjuvant treatment.

1. Introduction indocyanine green (ICG) with a near-infrared camera. Sentinel lymph
nodes can be examined to assess the axillary lymph nodes status,

There are many available modalities to perform sentinel lymph resulting in less morbidity than axillary lymph node dissection [1-3].
nodes (SLN) biopsies, such as using isosulfan blue, radioisotope, and Past studies have found that the detection rate of sentinel lymph node
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biopsy using ICG was higher than when using isosulfan blue [4,5]. Other
studies [6,7] have reported 94-100% detection rates of sentinel lymph
nodes using ICG. The average number of lymph nodes is 2.8-3.1. Studies
that used these two techniques together achieve a detection rate of
99.5% [8].

However, the above literature addresses early cancer patients and
does not include locally advanced cancer patients who received neo-
adjuvant treatment. The study of locally advanced breast cancer patients
who received neoadjuvant treatment found that the lymph node
detection rate decreased from 97% to 77.6% compared to those who did
not receive neoadjuvant treatment, but the accuracies of the examina-
tions did not differ. Other studies [9] that performed sentinel lymph
node biopsy in locally advanced breast cancer found that the sensitivity,
false-negative rate (FNR), negative predictive value (NPV), and accuracy
of sentinel lymphnode biopsy (SLNB) were 78.0%, 22.0%, 75.8%, and
87.0%, respectively.

The pattern of lymphatic drainage in patients before and after
receiving neoadjuvant treatment was different, but there was at least
one lymphatic tract that remained the same. This consistency confirmed
that sentinel lymph node biopsy can still be performed after neoadjuvant
treatment [10].

In locally advanced breast cancer patients who received neoadjuvant
chemotherapy, the sentinel lymphnode biopsy detection rate before
neoadjuvant treatment was 99.2%, while the detection rate reduced to
65.6% in the after neoadjuvant chemotherapy group. However, the
sentinel lymph nodes will be more accurate if the two techniques were
combined, using radioisotope and isosulfan blue injection. The pre-
treatment rate increased from 98.8% to 99.5%, and the lymph node
detection rate after neoadjuvant chemotherapy increased from 52.9% to
76.2%. The FNR reduced from 16% to 8% [11].

Therefore, sentinel lymph node biopsy, done before and after
chemotherapy, using the combined technique will significantly increase
the detection rate. However, not every hospital can perform radioiso-
tope protocols. Radioisotope methods are relatively high cost and time-
consuming and require adequate facilities for the handling and disposal
of isotopes. This research is the first study to address the detection rate
and accuracy of sentinel lymph node biopsy in locally advanced breast
cancer patients who received neoadjuvant treatment comparing radio-
isotope to isosulfan blue and ICG. (see Fig. 1)

Fig. 1. Fluorescence signal of a subcutaneous lymphatic vessel was identified
by using near infrared camera. Signal disappeared beyond the lateral edge of
pectoralis major muscle.
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2. Methods
2.1. Study design and participant

This prospective study analyzed the detection rates and the accuracy
of sentinel lymph node biopsy in breast cancer patients treated with
neoadjuvant treatment from July 1, 2019 to March 31, 2020 using
multiple techniques: radioisotope, isosulfan blue, and ICG with a near-
infrared camera.

Informed consent was obtained from all patients and the study was
approved by Institutional Review Board. The protocol had been regis-
tered at Thai Clinical Trials Registry (TCTR) with the identification
number TCTR20200730003 and this research has been reported in line
with the STROCSS criteria [12].

Eligible patients were those with locally advanced breast cancer
(T2-4, N1-2) who received neoadjuvant treatment, with tissue pathol-
ogy confirmed carcinoma. Patients who had surgical biopsy or surgery
that involved the axillary regions, and those with a history of allergy to
ICG, isosulfan blue, or radioisotope were excluded from the study.

The lymph nodes were considered SLNs when we observed either a
blue lymph node that uptake the blue dye, fluorescent lymph node by
NIR imaging (see Fig. 2), and radioactive lymph node based on the
conventional method, including the hottest node and nodes that showed
more than 10% of the maximum value as counted by the gamma probe.
After the detection of the SLNs, all patients proceeded to undergo further
axillary lymph node dissection. The result of frozen section pathology
was recorded in record form (Fig. 3).

2.2. Statistical methods

Statistical analysis of patients’ characteristic data was done using
descriptive statistics. The identification and FNRs in locally advanced
breast cancer patients treated with neoadjuvant therapy were calculated
using sensitivity and specificity, and by accuracy comparing between
isosulfan blue, radioisotope, and ICG findings. The detection rate was
calculated by the number of successful mappings divided by the total
number of mapping cases performed for each modality. All statistical
analyses were performed using STATA software (version 14).

3. Results
3.1. Patient characteristics

Between July 1, 2019 to March 31, 2020, 21 patients entered the

Fig. 2. After skin incision, the sentinel lymphnode showed intense fluores-
cence signal.
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Fig. 3. The picture show record form of harvested SLN in three modalities.

trial. The patient and tumor characteristics are shown in Table 1. The
mean age was 53 years old. Fourteen (60.87%) were post-menopause,
two (8.7%) were perimenopause, and seven (30.43%) were pre-
menopause. The distribution of clinical stages were: 2A (8.7%), 2B
(34.78%), 3A (43.48%), and 3B (13.04%). The mean primary tumor size
was 4.82 + 2.73 cm. The mean lymph node size was 1.8 + 0.96 cm.

The detection rates at the individual level were 95.23% with ICG,
85.71% with isosulfan blue, and 85.71% with a radioisotope. When
combining ICG and the blue dye method, the detection rate was 100%
(Table 2). The FNR of sentinel lymph node biopsy at the individual level
was 10% with ICG, 30% with isosulfan blue, and 40% with a radioiso-
tope (Table 3).

At the lymph node level, the detection rate was 93.22% with ICG,
81.78% with blue dye method, and 53.87% with a radioisotope. When
combined, the detection rate for ICG plus blue dye was 96.71%, 84.65%
for blue dye plus radioisotope, and 93.84% ICG plus radioisotope. When
using all three methods combined, the detection rate increased to
97.03% (Table 2).

Table 1
Patients and tumor characteristics.

Data Total (n = 23)
Age (years) mean + SD 53.08 + 10.36
Menopausal status, n(%)

Premenopausal 7(30.43)
Perimenopausal 2(8.70)
Postmenopausal 14(60.87)
Side, n(%)

Right breast 12(52.17)
Left breast 11(47.83)
Clinical Staging, n(%)

2A 2(8.70)

2B 8(34.78)
3A 10(43.48)
3B 3(13.04)
Primary size (cm), mean + SD 4.82 + 2.73
Lymph node size, mean + SD 1.80 + 0.96
Histopathology of Breast, n(%)

Invasive carcinoma non-other specified 2(8.7)
Invasive ductal carcinoma 17(73.91)
Invasive mammary carcinoma 3(13.04)
Invasive lobular carcinoma 1(4.35)
Cytology of fine needle aspiration lymph nodes, n(%)

No metastasis 12(52.17)
Metastasis 11(47.83)
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Table 2
Sentinel lymph node detection rate according to each modality technique at the
individual level and lymph nodes level.

Sentinel lymph node identification Detection rate Detection rate

technique (%) (%)
Individual-level Lymph nodes
level

ICG 95.23% 93.22%
Blue dye 85.71% 81.78%
Radioisotrope 85.71% 53.87%
ICG -+ Blue dye 100% 96.71%
Blue dye + Radioisotrope 95.23% 84.65%
ICG + Radioisotrope 95.23% 93.84%
ICG + Blue dye + Radioisotrope 100% 97.03%

ICG, indocyanine green.

Table 3
The false-negative rate in each modality in sentinel lymph node
biopsy at the individual level.

False-negative rate (%)

ICG
Blue dye
Radioisotope

10%
30%
40%

ICG, indocyanine green.

The FNRs of sentinel lymph node biopsy at the lymph node level
were: 19.05% with ICG, 21.43% with the isosulfan blue, and 18.03%
with a radioisotope. However, the FNR was less than 10% when ICG,
isosulfan blue, and the radioisotope were combined.

When the detection rate of each modality was compared to the blue
dye and the radioisotope — the current standard procedure — we found
that the detection of the combined technique using ICG and blue dye was
significantly different from the blue dye and radioisotope (p = 0.041)
(Table 4).

After the sentinel lymph node was sent to the intraoperative frozen
section, we proceed to performed axillary lymph node dissection in all
patients. The mean number of lymph nodes in the axillary content was
12.52 + 5.89. In 23 patients, there were nine (39.13%) positive lymph
nodes in the axillary content. The positive non-sentinel lymph node rate
was 39.13%.
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Table 4
Comparing the detection rates of each modality to the current standard
procedure.
Blue Dye + p- Detection
Radioisotrope value rate (%)
Positive ~ Negative
ICG Positive 13 6 0.317 13/16
(81.3%)
Negative 3 1
Total 16 7
Blue Dye Positive 14 0 0.157 16/16
(87.5%)
Negative 2 7
Total 16 7
Radioisotope Positive 12 0 0.045 16/16
(75.0%)
Negative 4 7
Total 16 7
ICG + Blue Dye Positive 16 6 0.014 22/16
(100%)
Negative 0 1
Total 16 7
ICG + Positive 13 6 0.317 22/16
Radioisotrope (81.3%)
Negative 3 1
Total 16 7
ICG + Blue dye + Positive 16 6 0.014 22/16
Radioisotrope (100%)
Negative 0 1
Total 16

ICG, indocyanine green.

3.2. Comparison of the adverse effects

Regarding the safety for each SLN mapping tracer, no patient showed
any adverse reaction or complication related to the preoperative injec-
tion for SLN mapping. All patients tolerated the procedure well without
allergic reactions.

4. Discussion

This is the first prospective cohort study to evaluate the efficacy of
sentinel lymph node detection using the ICG fluorescence method in
locally advanced breast cancer patients who had received neoadjuvant
treatment. The detection rate using this method was significantly higher
than that of using the isosulfan blue or radioisotope method in patients
with locally advanced breast cancer. This detection rate was 93.22%
using ICG in a single modality, and the detection rate in the dual tech-
nique (combining ICG with isosulfan blue) was 96.71%. In the SENTINA
trial, the identification rate was 80.1%, and the FNR was 14.2%, and
when combining radioisotope with isosulfan blue, the FNR was just
12%. If there are more than three sentinel lymph nodes, the FNR will be
7.3%.

In the ACOZOG Z1071 trial [13], the identification rate was 92.7%,
and the FNR was 12.6%, but the FNR was just 8.6% when using the dual
technique. When there were more than three sentinel lymph nodes, the
FNR was 9.1%.

Our data with locally advanced breast cancer patients after the
neoadjuvant treatment is consistent with the literature. The identifica-
tion rate when using ICG combined with isosulfan blue was 96.71%, and
the FNR was 10%. The detection rate of the blue dye plus ICG was better
than the blue dye plus isotope (p = 0.041). Based on our findings, we
propose that the technique of combining ICG with isosulfan blue method
can be applied to hospitals unable to perform sentinel lymph node bi-
opsy using radioisotope. Moreover, the ICG technique was safer and
more cost-effective than the radioisotope method, and does not require
facilities for the handling and disposal of isotopes. However there are
some situations that would not advocate to use this technique such as:
patients who allergy to indocyanine green, matted axillary lymphnode

159

Annals of Medicine and Surgery 59 (2020) 156-160

after neoadjuvant treatment.

This study has some limitations. First, the sample size was too small
to evaluate the power of each treatment modality. Second, we could not
perform an axillary lymph node biopsy for all patients before neo-
adjuvant chemotherapy, and evaluated only clinical lymph node
metastasis using sonography. The scope of this study was limited to
evaluating the SLN identification rate and FNR for breast cancer patients
after neoadjuvant treatment.

5. Conclusion

We found that ICG used alone has a high detection rate (93.22%),
which is further increased (to 96.71%) when combined with blue dye.
The accuracy of blue dye combined with ICG was statistically significant
better than combine with isotope (p = 0.014). The combined use of blue
dye with ICG is appropriate for the detection of sentinel lymph nodes in
locally advanced breast cancer patients and performs as well as radio-
isotope approaches.
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