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Background: Sentinel lymph node biopsy (SLNB) was introduced over 30 years ago, but
the application of SLNB in China is unclear. This study aimed to explore the real-world
implementation of SLNB among early-stage breast cancer patients in China.

Methods: A multi-center, retrospective study was conducted among primary breast cancer
patients from 37 hospitals in China in 2018. Their clinical data were collected and analyzed,
including the implementation status of SLNB in China, subsequent processing of sentinel
lymph nodes (SLNs) containing metastases, and the effect of neoadjuvant chemotherapy
(NAC) on SLNB.

Results: SLNB surgery was performed on 43.5% of early-stage breast cancer patients in
China and 11,942 patients who underwent SLNB were enrolled in this study. The majority of
SLNBs were performed using a single mapping agent. A combination of blue dye and
radiotracer or fluorescence imaging was used in only 14.9% of patients. The mean (SD)
number of resected SLNs was 4.0 (2.1). For the patients with 1 or 2 positive SLNs, 83.0% of
them continued to receive axillary lymph node dissection (ALND), while others did not. For
the patients with three or more positive SLNs, 97.2% of them continued to receive ALND,
among which 82.9% accepted radiotherapy simultaneously. Of the patients who underwent
SLN surgery, 5.5% (654/11,942) were receiving NAC. Among them, 51.9% received SLNB
before NAC, and the rest received SLNB after NAC. In biopsy-proven positive nodes, 64.7%
positive SLNs turned negative after NAC.

Conclusion: SLNB has been promoted in China, but it is not widely used compared to in
developed countries. Furthermore, the usage of the dual tracer technique in SLNB is not
high. Chinese breast surgeons are more conservative regarding the omission of ALND in 1 or
2 SLNs-positive patients.

Keywords: sentinel lymph node, early-stage breast cancer, real word data

Introduction

In primary breast cancer, identifying the presence of axillary node metastasis is
essential for breast cancer evaluation and staging establishment.' Axillary staging
remains the standard of care for all breast cancers, providing information important
for individualized surgical treatment. Due to the limited sensitivity of imaging
techniques in axillary lymph node detection, the axilla must be explored surgically.
However, axillary lymph node dissection (ALND) may result in lymphedema,
nerve injury, shoulder dysfunction, and other short-term and long-term complica-
tions limiting functionality and reducing quality of life.?
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With the advent of sentinel lymph node biopsy
(SLNB), surgical methods for accurately staging axilla in
patients with early-stage breast cancer have become pro-
gressively less extensive.” SLNB has supplanted ALND as
the gold standard for axillary lymph node staging in clini-
cally and radiologically node-negative breast cancer.*
SLNB staging can reduce surgical morbidity in terms of
shoulder dysfunction and lymphedema, without affecting
diagnostic accuracy and prognostic information.’

Recently, several SLNB methods have been reported with
good efficacy and safety data, including methylene blue dye,
nanocarbon, near-infrared (NIR) fluorescence imaging,
99 m-Technetium (99-Tc), and dual tracing modality.®’
Mapping sentinel lymph node locations with methylene
blue dye alone results in an acceptable identification rate
but an excessive false negative rate, according to the
American Society of Breast Surgeons’ recommendations.®
NIR fluorescence imaging using indocyanine green (ICG)
has been proven to have valid diagnostic performance for
sentinel lymph node detection and showed a trend toward
better axilla staging.” Dual tracing modality using ICG plus
methylene blue has been demonstrated to improve the map-
ping performance and exhibit great potential as an alternative
to traditional standard mapping methods.'® Although map-
ping tracers are constantly evolving, their application in the
real world is still unclear. Furthermore, the findings of the
American College of Surgeons Oncology Group (ACOSOG)
70011 randomized clinical trial do not support the routine
use of ALND in patients with 1 or 2 metastases sentinel
lymph nodes (SLNs).!" After the publication of Z0011, the
proportion of 1-2 SLNs-positive patients who avoid ALND
is still unknown in China. Due to the lower detection rate and
a higher false-negative rate compared with SLNB done
before neoadjuvant chemotherapy (NAC),"* the feasibility
of performing SLNB after NAC is controversial. The propor-
tion of patients who have SLNB performed after NAC is
unclear in China.

To answer these questions, we conducted a multi-
center, retrospective study from a prospectively main-
tained database. The real-world data of SLNB in China
were investigated among women with early-stage breast
cancer from January 2018 to December 2018. SLNB tracer
method, number of resected SLNs, metastases rate of
SLNs, number of metastases SLNs, subsequent processing
of metastases SLNs, and effect of neoadjuvant chemother-
apy on SLNB were analyzed. To our knowledge, this is the
largest study on SLNB in early-stage breast cancer in
China so far.

Materials and Methods

Patients

A total of 28,132 patients with breast cancer admitted to
37 medical centers from January 2018 to December 2018
12,233
received SLNB surgery and finally, 11,942 were enrolled

were assessed for eligibility. Among them,

in this study. Inclusion criteria: (1) breast cancer confirmed
by core needle biopsy, (2) SLNB with or without ALND,
(3) receiving conventional systematic treatment or regional
treatment, (4) complete medical record. Exclusion criteria:
(1) IV stage breast cancer, (2) combined with a secondary
invasive malignant tumor, (3) diagnosed with another ser-
ious disease, including congestive heart failure, unstable
high-risk
uncontrollable heart rate disorder or other serious cardio-

angina  pectoris, myocardial infarction,
vascular diseases within 6 months, (4) difficulty breathing
at rest or need oxygen therapy, (5) severe infection, (6)
uncontrolled diabetes, (7) serious psychological or mental
disorders, (8) poor compliance. We retrospectively col-
lected detailed SLNB and clinicopathologic data from
patient records. All enrolled patients provided informed
consent. Protocols for SLNB and evaluation of data in the
of the
Declaration of Helsinki and was approved by the Ethical
Committee of Xijing Hospital, The Fourth Military

Medical University (KY20192114-C-1).

retrospective study followed the principles

Sentinel Lymph Node Evaluation

The SLNB technique was left to the discretion of the
operating surgeon. It was performed using blue dye, car-
bon nanoparticles, indocyanine green, lymphoscintigraphy,
or dual tracing modality (a combination of blue dye and
radiotracer or indocyanine green). Hot, blue, black, fluor-
escent, or palpable nodes were removed. Then, surgical
specimens were examined by pathologists through hema-
toxylin-eosin staining to determine whether sentinel lymph
nodes were metastatic. Sentinel lymph nodes were consid-
ered to be metastatic or positive if they contained a macro-
metastasis (deposit >2 mm) and a micro-metastasis
(deposit >0.2 mm to 2 mm). The metastasis rate = the
number of patients who had metastasis sentinel lymph
nodes/the number of patients who underwent SLNB x
100%. Patients underwent preoperative clinical assessment
of lymph node status by palpation, imaging examination
(including ultrasound, mammography, or magnetic reso-
nance imaging), or ultrasound-guided core-needle biopsy.
The statuses of estrogen receptor (ER), progesterone
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receptor (PR), and human epidermal growth factor 2
(HER2) were determined using an immunohistochemical
(IHC) assay. Positive ER and PR status was defined as
=1% of tumor cells presenting positive nuclear staining.
The results of HER2 were scored semi-quantitatively
according to the estimated percentage of positively stained
tumor cell nuclei and the intensity of nuclear staining (—
for no staining, 1+ for weak staining, 2+ for moderate
staining, and 3+ for strong staining). A fluorescence
in situ hybridization (FISH) test was recommended to “2
+” patients to determine the HER2 expression status.
Results of “—” or “14+” were classified as HER2 negative
and “3+” or “amplification of HER2 confirmed by FISH”
as positive. The molecular subtype is divided into the
following four categories: Luminal A (ER+, PR+, HER2-
, ki-67<20%), Luminal B (ER+ and/or PR+, HER2-, ki-
67>20%; ER+ and/or PR+, HER2+), HER2 positive (ER-,
PR-, HER2+), or triple-negative (ER-, PR-, HER2-). We
judged patients to be node-negative (cNO) when palpation
and imaging examination showed no suspicious nodes, or
imaging examination showed suspicious nodes but the
core-needle biopsy showed negative.

Statistical Analysis

All statistical analyses were performed with SPSS, version
22.0 (SPSS Inc., Chicago, IL, USA). Categorical data were
summarized with frequencies and percentages. Continuous
data were represented by mean (SD). For continuous vari-
ables, Mann—Whitney U-test was used to compare the
medians with results expressed as 95% confidence inter-
vals (95% CI) of median difference. For categorical vari-
ables, percentages were compared using ratio statistics
with results expressed as 95% CI.

Results

Patient Populations and Characteristics

A total of 11,942 breast cancer patients who underwent
SLN surgery as part of their surgical treatment from 37
medical centers in China in 2018 were enrolled in this
study. Table 1 shows the characteristic of these patients.

Implementation Status of SLNB in China
Among 28,132 breast cancer patients in the 37 medical
centers, 43.5% (12,233/28,132) received SLNB surgery. As
shown in Figure 1, the majority of SLNBs were performed
using a single mapping agent, including blue dye, carbon
nanoparticles, indocyanine green, or lymphoscintigraphy.

Table | Characteristics of the Patients and Tumors

Characteristic Number (n,% or Mean (SD))

11,942
51.40 (11.18)

Number of patients

Age at diagnosis

Operative procedure

Lumpectomy 3604 (30.2%)

Mastectomy 7595 (63.6%)

Reconstruction 581 (4.8%)

Unknown 162 (1.4%)
Histology

Ductal carcinoma in situ (DCIS) | 1585 (13.3%)
20 (0.2%)
8718 (73.0%)
354 (3.0%)
1103 (9.2%)

162 (1.4%)

Lobular carcinoma in situ
Invasive ductal carcinoma
Invasive lobular carcinoma
Other

Unknown

Molecular subtype

Luminal A 3208 (26.9%)
Luminal B 4203 (35.2%)
Her2-enriched 1333 (11.2%)
Triple-negative 1138 (9.5%)

Unknown 2060 (17.3%)
Tumor size

Tis 1292 (10.8%)
TI 5790 (48.5%)
T2 3213 (26.9%)
T3 145 (1.2%)
T4 23 (0.2%)
Unknown 1479 (12.4%)

A combination of blue dye and radiotracer or fluorescent
dye was used only in 14.9% of SLNBs. The mean (SD)
number of resected SLNs was 4.0 (2.1). According to the
detected number (N) of SLNs, the patients were divided into
three groups of N=1-3, 4-6, and >7. As shown in Table 2,
when a single mapping agent was used, the percentage of
resected SLNs in 4 to 6 (45.8%, 95% CI = 44.8-46.9%) was
higher than when mapping was performed by a combination
of blue dye and radiotracer (35.1%, 95% CI = 32.7-37.5%).
The percentage of resected SLNs more than 7, the metastases
rate of SLNs and the number of metastases SLNs using
single tracer or dual-tracer were similar.

Metastases of SLNs and Subsequent
Processing
The incidence of SLNs metastases was 17.5% (2093/11,942)

in patients who underwent SLNB. The mean (SD) number of
metastatic SLNs was 1.6 (1.1). As shown in Table 3, 86.4%

Clinical Epidemiology 2020:12

submit your manuscript

919

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al

Dove

Blue dye +
- radiotracer

Dual-tracer

14.9%

Single tracer

85.1%

Blue dye Carbon

69.4% %

\ Blue dye + carbon

nanoparticle, 1.8%

oparticle

Radiotracer, 0.2%

Indocyanine green, 0.1%

Figure | The tracer methods used in | 1,942 patients to perform SLNB. Dual-tracer refers to a combination of blue dye and radiotracer or fluorescent dye.

(95% CI = 85.6-87.2%) of patients with ¢cNO had no meta-
static SLNs, and 49.1% (95% CI = 45.9-52.4%) of patients
with ¢cN1 had no metastatic SLNs. Only 7.9% (95% CI =
6.1-9.6%) of patients with cN1 had three or more metastatic
SLNs. For the patients with 1-2 positive SLNs, 83.0% of
them continued to receive ALND, among which 65.0%
accepted radiotherapy simultaneously. While 13.7% of
patients with 1-2 metastatic SLNs received radiotherapy
only, 3.3% of patients were not treated after 1-2 metastatic
SLNs were detected. For the patients with three or more
metastatic SLNs, 97.2% of them continued to receive
ALND, among which 82.9% accepted radiotherapy simulta-
neously. And 1.1% of patients with three or more metastatic
SLNSs only received radiotherapy.

Effect of Neoadjuvant Chemotherapy on

SLNB
There were 654 (5.5%) patients who received SLNB as
well as neoadjuvant chemotherapy (NAC). Among them,

51.9% of patients received SLNB before NAC, and the
rest received SLNB after NAC. The mean (SD) number of
resected SLNs was 4.0 (2.2) in the NAC group vs 3.9 (2.1)
in the non-NAC group. As shown in Table 4, the metas-
tases rate of SLNs before NAC (28.8%, 95% CI = 23.0—
34.6%) was higher than that after NAC (14.2%, 95% CI =
9.5-18.8%). But performing SLNB before or after NAC
did not affect number of resected SLNs (median 4.0 vs 4.0,
median difference = 0.069, 95% CI of the difference =
0.045-0.091) and metastases SLNs (median 1.0 vs 1.0,
median difference = 0.682, 95% CI of the difference =
0.563-0.750). For patients with biopsy-proven node-
positive breast cancer, 45.9% underwent SLNB surgery
after NAC. A combination of blue dye and radiotracer or
fluorescent dye was used in 48.6%. After NAC, 64.7%
positive SLNs turned negative.

Discussion
SLNB has established its role as the standard surgical
procedure for staging clinically negative nodes in patients

Table 2 The Effects of Tracer Method on the Number of Resected SLNs, Metastases Rate of SLNs, and Number of Metastases SLNs

Tracer Method®

Number of resected SLNs (n, %) 1-3 3952 (45.4%)
95% Cl = 44.3-46.4%
4-6 3990 (45.8%)
95% Cl = 44.8-46.9%
=7 765 (8.8%)

A single mapping agent (n=8707)

95% Cl = 8.2-9.4%

A combination of blue dye and radiotracer (n=1526)

844 (55.3%)
95% Cl = 52.8-57.8%
536 (35.1%)

95% Cl = 32.7-37.5%
146 (9.6%)

95% Cl = 8.1-11.0%

Metastases rate of SLNs (%) 1577 (18.1%)
95% Cl = 17.3-18.9%
Number of metastases SLNs (median) 1.0

322 (21.1%)
95% Cl = 19.1-23.2%
1.0

Median difference = 0.204
95% CI of the difference = 0.199-0.215

Note: *There are 1709 missing cases in “tracer method”.

Abbreviation: 95% Cl, 95% confidence interval.
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Table 3 Number of SLN Metastases Classified by Clinical Node
States

Clinical Node
States*

Number of SLN Metastases, N(%)

0 1-2 23

Clinically node- | 6118 (86.4%) 878 (12.4%) 86 (1.2%)
negative (cNO) 95% 95% 95%

Cl=856-872% | Cl=11.6-132% | Cl= 1.0-1.5%
Clinically node- | 448 (49.1%) 392 (43.0%) 72 (7.9%)
positive (NI | 95% 95% 95% Cl = 6.1

or cN2) Cl = 45.9-524% | Cl = 39.8-46.2% | —9.6%

Notes: *3294 patients lacked information of clinical node states. And this table
does not include 654 patients who underwent neoadjuvant chemotherapy.

Table 4 The Number of Resected SLNs, The Metastasis Rate of
SLNs, and the Number of Metastases SLNs According to Time of
Neoadjuvant Chemotherapy (NAC)

Number Metastases Number of
of Rate of SLNs Metastases
Resected (%) SLNs
SLNs (Median)
(Median)

Underwent SLNB 4.0 28.8% (95% 1.0

before NAC Cl = 23.0-34.6%)

Underwent SLNB 4.0 14.2% (95% Cl = 1.0

after NAC 9.5-18.8%)

Median difference 0.069 / 0.682

95% confidence 0.045-0.091 | / 0.563-0.750

interval of the

difference

with early-stage breast cancer.” The safety, clinical value,
and feasibility of the SLNB have been validated in
a robust body of randomized controlled trials.'>'
However, more than 30 years after its introduction,' the
application of SLNB in the real world in China is unclear.
In this study, we investigated the application of SLNB in
early breast cancer patients from 37 medical centers in
China who underwent SLN surgery as part of their surgical
treatment. SLNB tracer method, metastases rate and num-
ber of SLNs, subsequent processing of metastases SLNs,
and effect of neoadjuvant chemotherapy on SLNB in the
real world were described in this study.

Among 28,132 breast cancer patients from 37 medical
centers in China in 2018, 43.5% received SLNB surgery.
Previous studies showed that SLNB was more prevalent in
developed countries: the use of SLNB increased from 11%
to 59% from 1998 to 2004 in developed countries.'® The
use of SLNB as definitive axillary staging increased from

72% to 93% between 2011 and 2015 in Dutch nondistant
metastatic breast cancer patients.'” From 2012 to 2013,
upfront SLNB increased from 90.1% to 91.4% in clinical
T1-2NO breast cancer patients who underwent breast-
conserving surgery in the United States.'® By contrast,
the prevalence of SLNB was less than 5% in 2007 in
China, and even lower in other developing countries.'’
Our study suggested that the implementation of SLNB
has increased, but it is not widely used compared to in
developed countries. In terms of the tracer method,
a combination of blue dye and radiotracer or indocyanine
green was used only in 14.9% of SLNBs. For patients with
biopsy-proven node-positive breast cancer and receiving
NAC, the utilization rate of dual tracers increased to
48.6%. The combination use of radioisotope and blue
dye was recognized as the gold standard with the highest
identification rate of up to 96% and lowest false-negative
rate of 5%.°° A combination of indocyanine green and
blue dye has been proven to offer comparable detection
sensitivity when compared to conventional mapping stra-
tegies (blue dye in conjunction with a radioisotope) in
a prospective randomized study.>' And the dual technique
is particularly recommended for SLNB after NAC.*
However, neither a combination of blue dye with radio-
isotope nor with indocyanine green was prevalent in
China. And the magnetic technology used in clinical trials
has not yet appeared in the real world.>> A single tracer
especially blue dye is so far the first choice of SLNB in
China, because it is safe, cheap and does not need the
nuclear medicine department and gamma probes. In addi-
tion, concern about the hazards of radiation exposure is
also an obstacle to the use of the combined method.
Nevertheless, the mean (SD) number of resected SLNs
reached 4.0 (2.1) in China, which is enough for treatment.

After the publication of ACOSOG-Z0011 results, the
pattern of axillary surgery changed.?* Variations in pat-
terns of axillary surgery are present in the post ACOSOG-
Z0011 era. Our results showed that 83% of early-stage
breast cancer patients with 1-2 positive sentinel nodes
underwent ALND in China in 2018. Robinson et al
reported that the percentage of ALND decreased from
84% to 63% in breast cancer patients treated with SLNB
after the publication of Z0011 results.> In Japan, SLNB
followed by ALND was performed in 73.9% of breast
cancer cases in 2014.%° In the Netherlands, the use of
completion ALND decreased from 75% to 17% in cT1-
2NO sentinel node-positive patients between 2011 and
2015." In the United States, 31.2% of breast cancer
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patients with 1 to 2 positive sentinel nodes received com-
pletion ALND in 2013."® These results suggest that
Chinese breast surgeons are more conservative regarding
the omission of ALND in 1 or 2 positive SLNs.

The use of NAC has been extended to evaluate the
effectiveness of systemic therapy early and to offer more
conservative breast surgery.’’ However, dissection of
SLNs is more difficult after NAC owing to the change in
lymphatic drainage patterns.”® Therefore, the accuracy and
reliability of SLNB after NAC remain questionable.
Factors that have been shown to decrease false-negative
rates (FNR) include using dual mapping agents, resecting
more SLNs, and placing clips in suspicious nodes at the
time of biopsy.?’ In a meta-analysis of SLNB after NAC in
patients with initial biopsy-proven node positive breast
cancer, the FNR was 20% with one node removed, 12%
with two nodes removed, and 4% with three or more nodes
removed.’ In our study, the median number of resected
SLNs after NAC was 4.0, and dual mapping agents were
used for 48.6% of patients. But the data of whether the
node was clipped are unavailable. In addition, the limita-
tion of this study is the lack of data of postoperative lymph
node dissection, so a false-negative rate cannot be
obtained. In this study, for biopsy-proven node-positive
breast cancer patients, 64.7% of positive SLNs turned
negative after NAC. The results indicate that approxi-
mately two-thirds of node-positive patients could be
exempted from ALND after NAC, but the safety of the
omission of ALND after NAC remains unclear.

In conclusion, SLNB has been promoted in China in 2018,
but it is not widely used compared to in developed countries.
Furthermore, the usage of a dual tracer technique in SLNB is
not high. And Chinese breast surgeons are more conservative
regarding the omission of ALND in 1 or 2 positive SLNs. In
addition, the proportion of patients who performed SLNB
before and after NAC is similar. And approximately two-
thirds of positive nodes turn negative after NAC.

Abbreviations

SLNB, sentinel lymph node biopsy; SLNs, sentinel lymph
nodes; ALND, axillary lymph node dissection; NAC,
neoadjuvant chemotherapy; NIR, near-infrared; 99-Tc,
99 m-Technetium; ICG, indocyanine green.
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