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prospective observational study

H 12,3 1,23 H 4,5 12,3

Wenxin Chen****", Yaodong Su““*!, Hui Zhang*®, Yu Zhang"*>,

H 6,7 o sl in 123 H H 2
Lin Zhu®’, Mengbo Lin™™*, Zhiyi Lin*“>, Mingdian Yu?,

H 2 H 2

Shengping Yang“ and Yanmin Zhang
‘Department of Nuclear Medicine, Shengli Clinical Medical College of Fujian Medical University,
Fuzhou, China, 2Department of Nuclear Medicine, Fujian Provincial Hospital, Fuzhou, China, *Fujian
Research Institute of Nuclear Medcine, Fuzhou, China, “Department of Oncology Surgery,Shengli
Clinical Medical College of Fujian Medical University, Fuzhou, China, *Department of Oncology Surgery,
Fujian Provincial Hospital, Fuzhou, China, *Department of Ultrasonic Diagnostics, Shengli Clinical

Medical College of Fujian Medical University, Fuzhou, China, "Department of Ultrasonic Diagnostics,
Fujian Provincial Hospital, Fuzhou, China

Objective: To explore the use of " Tc-rituximab tracer injection for internal mammary
sentinel lymph node (IM-SLN) detection in patients with primary breast cancer.

Methods: This prospective observational study enrolled female patients with
primary breast cancer between September 2017 and June 2022 at Fujian
Provincial Hospital. The participants were divided into the peritumoral group
(two subcutaneous injection points on the surface of the tumor), two-site group
(injections into the glands at 6 and 12 o’clock around the areola area), and four-site
group (injections into the gland at 3, 6, 9, and 12 o'clock around the areola area).
The outcomes were the detection rates of the IM-SLNs and axillary sentinel lymph
nodes (A-SLNs).

Results: Finally, 133 patients were enrolled, including 53 in the peritumoral group, 60
in the two-site group, and 20 in the four-site group. The detection rate of the IM-
SLNs in the peritumoral group (9.4% [5/53]) was significantly lower than in the two-
site (61.7% [37/60], P<0.001) and four-site (50.0% [10/20], P<0.001) groups. The
detection rates of A-SLNs among the three groups were comparable (P=0.436).

Conclusion: The two-site or four-site intra-gland injection of 2°™Tc-rituximab
tracer might achieve a higher detection rate of IM-SLNs and a comparable
detection rate of A-SLNs compared with the peritumoral method. The location
of the primary focus has no impact on the detection rate of the IM-SLNs.
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1 Introduction

Breast cancer is the most common cancer in women, and the
incidence and mortality rates increase yearly. In 2020, the
international agency for research on cancer (IARC) of the World
Health Organization (WHO) released the latest global cancer burden
data (1): in 2020, there were 2.26 million new breast cancer cases in
the world, surpassing lung cancer. Breast cancer incidence is higher in
high-income countries (571/100 000) than in low-income counties
(95/10 000) (2).

The TNM staging of breast cancer is directly related to the
prognosis of the disease, and the staging of the lymph nodes is an
important factor (3). According to the NCCN guidelines, patients
with negative ipsilateral axillary lymph nodes (ALNs) should still be
classified as N2 if an ipsilateral internal mammary lymph node
(IMLN) is positive, while patients with ipsilateral positive IMLNs
and ALNs are N3 (3). Hence, IMLN metastasis has a prognostic
significance independent from the ALN status (4-6). Therefore, the
internal mammary sentinel lymph nodes (IM-SLNs) in breast cancer
are significant for TMN staging and formulating the treatment
regimens, and patients with positive IM-SLNs will be eligible for
more aggressive therapies even in the absence of positive axillary
sentinel lymph nodes (A-SLNs) (3). Nevertheless, detecting IMLNSs is
difficult due to the complex anatomical structure around the
IMLN chain.

The detection rate of IM-SLNs using the traditional radioactive
tracer (°*™Tc-sulfur) injection method (i.e., two subcutaneous
injection points on the surface of the tumor) is low (7). Mudun
et al. (8) reported that injecting **™Tc-sulfur colloid into the breast
gland could improve the detection rate. Ultrasound-guided
intraglandular injection ensures that the tracer can be accurately
injected into the breast gland. Qiu et al. (9) showed that the detection
rate of IM-SLNs was also related to breast density. Increasing the
injection volume can improve the detection rate of IM-SLNs, and the
detection rate of IM-SLNs could increase from 13% to 71% using
large-volume intraglandular injection (8, 9). The tracer M7 _sulfur
colloid (SC) mainly accumulates in lymph nodes after the colloid is
engulfed by lymphocytes. Then, these lymph nodes can be detected
using a y-detector during the operation. Still, the time window is
narrow, and increasing the injection-biopsy delay often leads to
developing additional SLNs, resulting in excessive dissection (10).

%™Tc_rituximab is a human-mouse chimeric monoclonal
antibody targeting the CD20 molecules on the surface of B
lymphocytes and can be used to display SLNs (11, 12). *™Tc-
rituximab is a lymph node tracer that targets CD20 on the surface
of the B lymphocytes found in lymph nodes. It has an important
application value in the SLN biopsy (SLNB) of ALN and is superior to
the traditional **™Tc-SC and other radioactive tracers (11, 12). Li
et al. (13) showed that **™Tc-rituximab has the characteristics of
rapid clearance from the injection points, long retention time in the
SLNs, good localization performance, and time flexibility of surgery.
Compared with traditional tracers, **™Tc-rituximab has advantages,
but none of the studies on **™Tc-rituximab involved IM-SLNs.

Therefore, this study aimed to explore the impact of the **™Tc-
rituximab tracer injection on IM-SLNs detection in primary breast
cancer patients.

Frontiers in Oncology

10.3389/fonc.2023.1100077

2 Methods
2.1 Study design and patients

This prospective observational study included female patients
with breast cancer who underwent surgery between September 2017
and June 2022 at the authors’ hospital. This work was carried out in
accordance with the Declaration of Helsinki (2000) of the World
Medical Association. This study was reviewed and approved by the
ethics committee of the authors” hospital (K2017-09-069). All patients
provided a signed written informed consent form.

The inclusion criteria were 1) breast cancer confirmed by
pathology, 2) without distant metastasis, and 3) able and willing to
sign the informed consent form. The exclusion criteria were 1)
previous history of axillary, internal mammary, or chest surgery on
the affected side, 2) inflammatory breast cancer, 3) patients with
lymph node metastasis in the inner mammary region found by
imaging examination, 4) pregnancy or lactating, or 5) patients who
accepted neoadjuvant chemotherapy.

2.2 Procedure

Rituximab (Rituxan) was purchased from Roche. The labeling
protocol was conducted as previously reported (13). *™TcO4- was
provided by Guangdong CI Pharmaceutical Co., Ltd., Fuzhou Branch.
The tracer’s radiochemical purity (RP) (®*™Tc-rituximab) was always
greater than 97% when tested by radio-TLC and HPLC. A GE Discovery
NM/CT 670 pro dual-head single photon emission computed
tomography (SPECT)/computed tomography (CT) was used for
preoperative imaging. A Neo 2000™ v-detector (Johnson & Johnson,
USA) was used to detect the lymph nodes during the operation.

In this study, the researchers explained each type of injection to the
patients, including the possible advantages and disadvantages, and the
patients decided which kind of injection they wished to receive. The
patients’ condition did not affect their choice. The patients were divided
into three groups based on the injection method: peritumoral, two-site,
and four-site. In the peritumoral group, **™Tc-rituximab was injected at
two subcutaneous injection sites on the surface of the mass 2-4 h before
the operation. In the two-site group, **™Tc-rituximab was injected
into the breast parenchymal gland under ultrasound guidance 2-4 h
before the operation (Figure 1), and the 6 and 12 o’clock positions
around the areola area were selected as the injection sites, 1 cm away
from the nipple. In the four-site group, **™Tc-rituximab was injected
into the breast parenchymal gland 2-4 h before the operation under
ultrasound guidance, and the 3, 6, 9, and 12 o’clock positions around
the areola area were selected as the four injection points, 1 cm away
from the nipple. The total injection volume of each injection site was
1 ml. A total of 17.5-29.6 MBq was injected, and SPECT/CT imaging
was performed 1-3h (Correction of clerical errors) later.

All patients underwent preoperative lymphoscintigraphy. The
patients were placed in the supine position, their upper limbs were
lifted, the elbows were placed on the forehead, and the armpits were
fully exposed. The injection site was placed in the middle and lower part
of the field of vision, and fusion tomography was performed. The
radioactive concentration outside the injection points was defined as
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FIGURE 1
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needle —— __~
injection depth—>

Ultrasound-guided intraglandular injection around the areola. The white arrows show the needle and the injection depth (6 o'clock).

SLN. A total of 60 frames (6°/frame) were collected by SPECT/CT, and
the acquisition time of each frame was 10 s. The acquisition conditions
were tube voltage at 120 kV, tube current (usually 80 mA) was changed
according to the acquisition position and the degree of obesity and
thinness of the patient, and scanning layer thickness of 10 mm. The
collected data were reconstructed by OSEM (reconstruction layer
thickness of 1.25 mm), and the CT, SPECT, and SPECT/CT fusion
images of the cross-sectional, coronal, and sagittal planes were
obtained. The 7y-detector was used to detect the “hot spot” to
determine the SLN. The “hot spot” was determined compared with
the background radioactivity count of 2:1-3:1 before resection and 10:1
after resection (14, 15). The resected SLNs were sent for rapid frozen
pathological examination. The detection rate of IM-SLNs (%) was
determined by dividing the pathological diagnosis of SLNB into IM-
SLN by the percentage of total cases. Similarly, the detection rate of
ALN was calculated. IM-SLN was determined by pathology and
calculated as true positive.

2.3 Outcomes

The primary outcome of the study was the detection rate of IM-
SLN. The secondary outcome was the detection rate of ALN. The
detection rate of IM-SLN (%) = imaging and the number of IM-SLN
cases detected by the y-detector/total number of cases confirmed as
IM-SLN by SLNB pathology x 100. The detection rate of ALN (%) =
imaging and the number of A-SLN cases detected by the y-detector/
the total number of A-SLN cases confirmed by SLNB pathology x 100.

The demographic information (age) and clinical characteristics
(including mass location, quadrant distribution, pathological type,
and T stage) were also recorded.

2.4 Sample size

In this prospective study, the power was 95%, and the o was 0.05.
According to the relevant study results of global IM-SLNB, the

Frontiers in Oncology

detection rate of IM-SLN was expected to be 15% in the
peritumoral group and more than 65% in the two- and four-site
groups (16, 17). According to the calculation using PASS15, at least 19
patients in each group were needed.

2.5 Statistical analysis

SPSS 23.0 (IBM, Armonk, NY, USA) was used for statistical
analysis. The continuous variables that conformed to the normal
distribution were expressed as means + standard deviation, and the
variables with a skewed distribution were expressed as median
(range). ANOVA analysis was used to compare the differences
among three groups. Categorical variables were expressed as n (%).
The chi-square test or Fisher exact probability method was used to
compare the baseline data and three injection methods’ detection
rates of IM-SLN and A-SLN. Two-sided P<0.05 was considered
statistically significant.

3 Results

This study enrolled 133 patients: 53 in the peritumoral group, 60
in the two-site group, and 20 in the four-site group (Table 1 and
Figure 2). The patients were 25-77 years old, with an average age of
51.9 + 11.1 years and a median age of 52. There were 61 cases of left
breast cancer and 72 of right breast cancer. There were no differences
among the three groups regarding age, BMI, quadrant distribution,
pathological type, T stage, and total injected dose (all P>0.05).

SPECT/CT imaging could clearly show the radioactive
concentration foci and corresponding lymph nodes (Figure 3). The
IMLN were small and often undetectable by CT alone, but they were
detectable by SPECT. Therefore, imaging focus and intraoperative y-
detector could be used to detect the SLNs (Figure 4). The detection
rates of the IM-SLNs were 9.4% (5/53) in the peritumoral group,
61.7% in the two-site group (37/60), and 50% in the four-site group
(10/20) (P<0.001); the rates were significantly higher in the two-site
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TABLE 1 Characteristics of the patients.

Two-site (n=60)

10.3389/fonc.2023.1100077

Four-site (n=20) Peritumoral (n=53)

Age 51.13 £ 11.26 5490 + 11.11 51.57 +10.99 0.412
BMI 23.54 £ 2.57 23.58 + 2.69 23.12 £ 2.58 0.644
Quadrant distribution
Outer upper quadrant 27 7 19 0.455
Outer lower quadrant 6 2 4
Inner upper quadrant 9 4 5
Inner lower quadrant 5 0 1
Center (below the nipple and areola) 2 1 2
Inner quadrant (9 o’clock on the left and 3 o’clock on the right) 1 0 2
Outer quadrant (3 o’clock on the left and 9 o’clock on the right) 4 1 6
Upper quadrant (12 o’clock) 6 3 12
Lower quadrant (6 o’clock) 0 2 2
Pathological type
Invasive carcinoma 49 16 45 0.849
Carcinoma in situ 11 4 8
T stage
Tis (carcinoma in situ) 14 3 6 0.780
T1 14 6 15
T2 24 8 25
T3 8 3 7
Total injected dose
18.5 MBq (0.5 mCi) 10 6 4 0.144
25.9 MBq (0.7 mCi) 25 6 20
29.6 MBq (0.8 mCi) 25 8 29

(P<0.001) and four-site (P<0.001) groups compared with the
peritumoral group, but there were no differences between the two-
and four-site groups (P>0.05). There were no significant differences in
the detection rates of the A-SLNs among the peritumoral (96.2%),
two-site (100%), and four-site (100%, P>0.05) groups (Table 2). The
location of the primary focus had no impact on the detection rate of
the IM-SLNs (P=0.943) (Table 3).

4 Discussion

The present study suggests that the detection rate of IM-SLNs
using **™Tc-rituximab might be higher when injecting using the two-
or four-site method. This study might provide an optional strategy for
IM-SLNs screening before invasive lymph node biopsy in the inner
mammary region.

In the breast lymph drainage system, 75% of the lymph is drained
to the ALNSs, and about 25% of the lymph is drained to the IMLNs
(18). Cong et al. (19) injected different SLN tracers into different
breast positions and finally located the same IM-SLN. The drainage
pathways between various parts significantly correlate and are
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consistent (19). They put forward the view that IM-SLN is not only
the drainage pathway of the primary tumor but also the SLN of
different breast regions (19). Cao et al. (20) used dynamic
lymphoscintigraphy to observe the migration of a small-particle
radiotracer (**™Tc-Dextran 40) after injection and found that the
IMLNSs have the same phenomenon of gradual drainage as ALNs (i.e.,
the lympbh is first drained into the IM-SLN, and then to the following
IMLNSs), confirming that IMLNs can be SLNs of different breast areas,
as can be ALNSs. Bi et al. (21) also verified this hypothesis through a
prospective study. Therefore, in the same way as the A-SLNs, the
pathological status of the IM-SLNs can provide important prognostic
information for patients with breast cancer. Qiu et al. (22, 23)
analyzed the results of IM-SLNB in clinically ALN-negative patients
and revealed that the metastasis rate of IM-SLN was only 8.1%. The
meta-analysis conducted by Gong et al. (16) suggested that the risk of
IMLN involvement was significantly increased in patients with ALN
metastasis (OR=6.01, 95% CI: 3.49-10.34). Cong et al. (24) proposed
obtaining the histological diagnosis of IMLN through IM-SLNB,
which could lead to a more personalized radiotherapy strategy.
With the survival benefits of internal mammary node radiotherapy
(IMNI) (25-27), the diagnosis and treatment of IMLN have attracted
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I Screening T1s-T3 patients without clinical IMLN and distant breast cancer metastasis (n=133) I

¥
J . J

Two-site group (n=60)
Peritumoral group (n=53) Ultrasound-guided Four-site group (n=20)
Subcutaneous injection intramammary parenchymal Ultrasound-guided intramammary
at 6 and 12 o’clock points around the gland injection at 6 and 12 parenchymal gland injection at 3, 6, 9,
tumor o’clock points around the areola and 12 o’clock points
area.
the tumor

) v

’ (2-4 h before operation) ‘

| Injection of ®®Tec-rituximab, 1 ml/9.25-14.8 MBq for each injection site |

’ (After 1-3 h) ‘

‘ SPECT/CT fusion tomography |

{ (Intraoperative y-detector detection) J

IM-SLNB

’ Pathological examination l

FIGURE 2
Sentinel lymph node examination process for breast cancer.

2w 13754 1 25w

FIGURE 3

Development of the left internal mammary sentinel lymph nodes (IM-SLN) and left axillary sentinel lymph node (A-SLN). (A) Computed tomography (CT)

plain scan. (B) Single-photon emission computed tomography imaging. (C) Tomographic fusion image. (D) 3D image. Red arrows, IM-SLNs; white
arrows, injection points; green arrow, A-SLN
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FIGURE 4

Intraoperative internal mammary sentinel lymph nodes (IM-SLN). The arrow shows the IM-SLN.

10.3389/fonc.2023.1100077

TABLE 2 Comparison of the detection rates of IM-SLN and A-SLN with different injection methods.

Characteristics Two-site (n=60) Four-site (n=20) Peritumoral (n=53)

IM-SLN <0.001
Positive 37 (61.7)a 10 (50.0)a 5(9.4)
Negative 23 (33.3) 10 (50.0) 48 (90.6)

A-SLN 0.436
Positive 60 (100) 20 (100) 51 (96.2)
Negative 0 2(3.8)

*: P<0.05 compared to the peritumoral group.
IM, internal mammary; SLN, sentinel lymph node; A, axillary.

TABLE 3 Relationship between the detection rate of IM-SLN and the location of primary focus in the patients with intra-gland injection of **™Tc-
rituximab (n=73).

Characteristic Outside (n=44) Inside (n=17) Upper quadrant (n=12)

IM-SLN 0.943
Positive 25 (56.8) 11 (64.7) 7 (58.3)
Negative 19 (432) 6 (35.3) 5 (41.7)

Outside, outer upper quadrant + outer lower quadrant + outer quadrant; Inside, inner upper quadrant + inner lower quadrant + inner quadrant; Upper quadrant, 12 o’clock.

IM, internal mammary; SLN, sentinel lymph node.

much attention in recent years. Nevertheless, the NCCN guidelines
suggest that patients with IMLN metastasis confirmed pathologically
should be given radiotherapy in the inner breast area (3). IMLN
radiotherapy is strongly recommended for breast cancer with an ALN
status of N1a or N2a (3). Therefore, IMLN biopsy in such patients has
little significance for the decision-making of a follow-up treatment
plan. Thus, for ethical reasons, all patients enrolled in this study were
clinically ALN-negative patients.

By analyzing the data of 179 patients with primary breast cancer
after neoadjuvant therapy, Bi et al. (28) found that after neoadjuvant
therapy, the imaging rate of IM-SLN was 31.8% (57/179), the
metastasis rate of IM-SLN was 7.1% (4/56), and ALN metastasis
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was associated with them. It is considered that IM-SLNB can further
improve the definition of lymph node pCR after neoadjuvant therapy.

Nevertheless, traditional tracer methods are inefficient in IM-SLNB.
The retrospective analysis by Manca et al. (17) showed that the
detection rate of IM-SLN using a traditional radiotracer injection
technique was 13%-37%, while other studies reported lower rates of
11%-16% (29, 30). In addition, the rate of IMLN metastasis is relatively
low. Thus, although the AJCC adopted the concept of IM-SLNB as
early as in 2009, the surgical method of IMLN has basically not
changed, and the clinical application of IM-SLNB is limited.

The emergence of improved injection techniques has greatly
improved the clinical feasibility of IM-SLNB. In a controlled study
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of 470 patients, the detection rate of IM-SLN in the modified injection
group was significantly higher than in the traditional method group
(71.1% vs. 15.5%, P<0.001) (22). In this study, 99MTc-Rituximab was
selected as the tracer (13). It was injected using either the traditional
peritumoral subcutaneous injection method or the two- or four-site
intraglandular injection method. After using the improved injection
method, the total detection rate of 99mTc-rituximab-guided IM-SLN
was 58.8% (47/80), significantly higher than the traditional method
(9.4%). Some studies have shown that with the improved injection
method, the detection rate of IM-SLN could reach 63.3%-75% (31,
32). The rates in the present study were slightly lower than in the
previous studies, which could be influenced by the tracer used (**™Tc-
SC) and the injection scheme. Whether there are differences in the
detection rate of IMLN among different tracers needs to be further
explored in future studies. Another technical problem that might
affect the detection rate of IM-SLN is ensuring the injection of the
radioactive tracer into the gland. Intraglandular injection requires
extensive experience, and it is often difficult to inject radioactive
tracers to the correct depth in the gland. Even under ultrasound
guidance, the accuracy of the injection depth cannot be guaranteed,
especially in the learning stage of the method, and it could have
lowered the detection rate.

Mudun et al. (8) compared the effects of tracer injection in
different parts on the detection rate of SLN and found that the
detection rate of IMLN using four injection sites around the tumor
(22.2%) was better than using a single site (8.4%). Therefore, two and
four sites were used in this study, but the results showed no significant
differences in the detection rate between the two- and four-site
methods. Nevertheless, the detection rate of the two-site method
reached 61.7%, higher (but not statistically significant) than 50% of
the four-site method. It could be hypothesized that injecting at 3 and 9
oclock results in at least one injection being close to the IMLN;
therefore, adding the 6 and 12 o’clock positions does not improve
IMLN detection. In the four-site group, the 9 o’clock point in the left
breast and the 3 o’clock point in the right breast are relatively close to
the IMLNS, resulting in a large amount of residual radioactivity at the
injection sites. The radioactivity from IM-SLN might be covered up
during the surgical exploration, affecting the detection of IM-SLNs.
Hence, using only two sites would be enough, consume less isotope,
be less expensive, and expose the patients to a smaller radiation dose.

In this study, there were no adverse events, except for some patients
who felt pain during the injections. In fact, due to the limited dosage of
tracer, very few adverse events caused by **™Tc-rituximab have been
reported in the literature, irrespective of the disease (13, 33-35). Still,
the sample size was probably too small to observe rare events. Large-
scale studies will be necessary to confirm the safety of **™Tc-rituximab.

This study has limitations. The injection volume of the traditional
methods was small (0.2-0.5 ml/injection site), and there was no small-
volume injection control group in this study. The patients were
clinically negative for ALNs and might be at low risk of IMLN
metastasis. The IM-SLN visualization was designed to find the
SLNs, independent of whether the lymph nodes examined were
metastatic or not. Therefore, the pathological diagnosis of IM-SLN
was not analyzed. Finally, the group assignment was not randomized
and was left to the patients’ choice. Although the general
characteristics of patients were the same, more patients selected the
two-site group because of the fear of greater injection pain in the four-
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site group. Future studies should focus on the IMLN detection
methods and rates in different populations of patients.

In conclusion, **™Tc-rituximab radiotracer injected using the
two- or four-site method might achieve higher IM-SLN detection
rates and comparable detection rates of A-SLNs compared with the
peritumoral method. This study suggests methods for an improved
detection rate of IM-SLN, which will highlight the value of IM-SLNB
in guiding subsequent treatment. This method will also assist in
determining the clinical staging of breast cancer patients using
minimally invasive surgery.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be directed
to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by the ethics committee of Shengli Clinical Medical College
of Fujian Medical University, Fujian Provincial Hospital. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

WC: Founding acquisition, Resource, Supervision, Writing-
review& editing. YS: Writing, Visualization, Methodology, Data
curation. HZ: Resource, Methodology. YZ: Data curation, Formal
analysis. LZ: Methodology. ML: Resources, Validation. ZL:
Visualization, Methodology. MY, SY, and YMZ: Data curation. All
authors contributed to the article and approved the submitted version.

Funding

This work was supported by the Natural Science Foundation of
Fujian Province (2019J01506).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1100077
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Chen et al.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: Globocan estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin (2021) 71(3):209-49. doi: 10.3322/caac.21660

2. Kashyap D, Pal D, Sharma R, Garg VK, Goel N, Koundal D, et al. Global increase in
breast cancer incidence: Risk factors and preventive measures. BioMed Res Int (2022)
2022:9605439. doi: 10.1155/2022/9605439

3. Gradishar W], Moran MS, Abraham J, Aft R, Agnese D, Allison KH, et al. Breast
Cancer, Version 3.2022, NCCN Clinical Practice Guidelines in Oncology. ] Natl Compr
Canc Netw (2022) 20(6):691-722. doi: 10.6004/jnccn.2022.0030

4. Zhang YJ, Oh JL, Whitman GJ, Iyengar P, Yu TK, Tereffe W, et al. Clinically
apparent internal mammary nodal metastasis in patients with advanced breast cancer:
Incidence and local control. Int J Radiat Oncol Biol Phys (2010) 77(4):1113-9.
doi: 10.1016/j.ijrobp.2009.06.081

5. Park HJ, Shin KH, Cho KH, Park IH, Lee KS, Ro J, et al. Outcomes of positron
emission tomography-staged clinical N3 breast cancer treated with neoadjuvant
chemotherapy, surgery, and radiotherapy. Int J Radiat Oncol Biol Phys (2011) 81(5):
€689-95. doi: 10.1016/j.ijrobp.2010.11.061

6. Lian CL, Zhang HY, Wang J, Lei ], Hua L, Chen YX, et al. Staging for breast cancer
with internal mammary lymph nodes metastasis: Utility of incorporating biologic factors.
Front Oncol (2020) 10:584009. doi: 10.3389/fonc.2020.584009

7. Lee JH, Rosen EL, Mankoff DA. The role of radiotracer imaging in the diagnosis and
management of patients with breast cancer: Part 1-overview, detection, and staging. J
Nucl Med (2009) 50(4):569-81. doi: 10.2967/jnumed.108.053512

8. Mudun A, Sanli Y, Ozmen V, Turkmen C, Ozel S, Eroglu A, et al. Comparison of
different injection sites of radionuclide for sentinel lymph node detection in breast cancer:
Single institution experience. Clin Nucl Med (2008) 33(4):262-7. doi: 10.1097/
RLU.0b013e3181662fc7

9. Qiu PF, Liu JJ, Liu YB, Yang GR, Sun X, Wang YS. A modified technology could
significantly improve the visualization rate of the internal mammary sentinel lymph
nodes in breast cancer patients. Breast Cancer Res Treat (2012) 136(1):319-21.
doi: 10.1007/s10549-012-2203-5

10. Qiu PF, Liu YB, Wang YS. Internal mammary sentinel lymph node biopsy:
Abandon or persist? Onco Targets Ther (2016) 9:3879-82. doi: 10.2147/OTT.S106519

11. Wang X, Yang Z, Lin B, Zhang Y, Zhai S, Zhao Q, et al. Technetium-99m-Labeled
rituximab for use as a specific tracer of sentinel lymph node biopsy: A translational
research study. Oncotarget (2016) 7(25):38810-21. doi: 10.18632/oncotarget.9614

12. WangJ, Fan T, He Y, Chen X, Fan Z, Xie Y, et al. (99m)Tc-rituximab as a tracer for
sentinel lymph node biopsy in breast cancer patients: A single-center analysis. Breast
Cancer Res Treat (2018) 168(2):365-70. doi: 10.1007/s10549-017-4591-z

13. Li N, Wang X, Lin B, Zhu H, Liu C, Xu X, et al. Clinical evaluation of 99mtc-
rituximab for sentinel lymph node mapping in breast cancer patients. ] Nucl Med (2016)
57(8):1214-20. doi: 10.2967/jnumed.115.160572

14. Whitman GJ, AlHalawani RH, Karbasian N, Krishnamurthy R. Sentinel lymph
node evaluation: What the radiologist needs to know. Diagn (Basel) (2019) 9(1):12.
doi: 10.3390/diagnostics9010012

15. Lynch MA, Jackson J, Kim JA, Leeming RA. Optimal number of radioactive
sentinel lymph nodes to remove for accurate axillary staging of breast cancer. Surgery
(2008) 144(4):525-31. doi: 10.1016/j.surg.2008.06.005

16. GongJ,YuY, Wu G, Lin C, Tu X. Should internal mammary lymph node sentinel
biopsy be performed in breast cancer: A systematic review and meta-analysis. World |
Surg Oncol (2019) 17(1):135. doi: 10.1186/s12957-019-1683-8

17. Manca G, Volterrani D, Mazzarri S, Duce V, Svirydenka A, Giuliano A, et al.
Sentinel lymph node mapping in breast cancer: A critical reappraisal of the internal
mammary chain issue. Q J Nucl Med Mol Imaging (2014) 58(2):114-26.

Frontiers in Oncology

08

10.3389/fonc.2023.1100077

18. Noushi F, Spillane AJ, Uren RF, Gebski V. Internal mammary node metastasis in
breast cancer: Predictive models to determine status & management algorithms. Eur |
Surg Oncol (2010) 36(1):16-22. doi: 10.1016/j.€j50.2009.09.006

19. Cong BB, Qiu PF, Liu YB, Zhao T, Chen P, Cao XS, et al. Validation study for the
hypothesis of internal mammary sentinel lymph node lymphatic drainage in breast
cancer. Oncotarget (2016) 7(27):41996-2006. doi: 10.18632/oncotarget.9634

20. Cao XS, Yang GR, Cong BB, Qiu PF, Wang YS. The lymphatic drainage pattern of
internal mammary sentinel lymph node identified by small particle radiotracer (99mtc-
dextran 40) in breast. Cancer Res Treat (2019) 51(2):483-92. doi: 10.4143/crt.2018.062

21. Bi Z, Chen P, Song XR, Wang YS. The hypothesis of internal mammary lymph
node drainage chain in breast cancer. Future Oncol (2020) 16(21):1489-91. doi: 10.2217/
fon-2020-0225

22. Qiu PF, Cong BB, Zhao RR, Yang GR, Liu YB, Chen P, et al. Internal mammary
sentinel lymph node biopsy with modified injection technique: High visualization rate
and accurate staging. Med (Baltimore) (2015) 94(41):e1790. doi: 10.1097/
MD.0000000000001790

23. Qiu PF, Zhao RR, Liu YB, Wang YS. Internal mammary sentinel lymph node
biopsy should still be performed, especially in the patient with clinically positive axillary
lymph nodes. Breast (2013) 22(5):999-1000. doi: 10.1016/j.breast.2013.06.002

24. Cong BB, Qiu PF, Wang YS. Internal mammary sentinel lymph node biopsy:
Minimally invasive staging and tailored internal mammary radiotherapy. Ann Surg Oncol
(2014) 21(7):2119-21. doi: 10.1245/s10434-014-3650-5

25. Whelan TJ, Olivotto IA, Parulekar WR, Ackerman I, Chua BH, Nabid A, et al.
Regional nodal irradiation in early-stage breast cancer. N Engl ] Med (2015) 373(4):307-
16. doi: 10.1056/NEJMoal415340

26. Poortmans PM, Collette S, Kirkove C, Van Limbergen E, Budach V, Struikmans H,
et al. Internal mammary and medial supraclavicular irradiation in breast cancer. N Engl J
Med (2015) 373(4):317-27. doi: 10.1056/NEJMoal415369

27. Cong BB, Cao XS, Cao L, Zhu H, Yu YS, Yu JM, et al. Internal mammary lymph
nodes radiotherapy of breast cancer in the era of individualized medicine. Oncotarget
(2017) 8(46):81583-90. doi: 10.18632/oncotarget.20186

28. BiZ, Chen P, LiuJ, Liu Y, Qiu P, Yang Q, et al. Internal mammary sentinel lymph
node biopsy after neoadjuvant chemotherapy in breast cancer. J Breast Cancer (2018) 21
(4):442-6. doi: 10.4048/jbc.2018.21.e49

29. Tan C, Caragata R, Bennett L. Is sentinel node biopsy of the internal mammary
lymph nodes relevant in the management of breast cancer? Breast ] (2017) 23(4):410-4.
doi: 10.1111/tbj.12754

30. Gnerlich JL, Barreto-Andrade JC, Czechura T, John JR, Turk MA, Kennedy TJ,
et al. Accurate staging with internal mammary chain sentinel node biopsy for breast
cancer. Ann Surg Oncol (2014) 21(2):368-74. doi: 10.1245/510434-013-3263-4

31. Cao XS, Cong BB, Sun X, Qiu PF, Wang YS. Study of internal mammary sentinel
lymph node biopsy in breast cancer patients after neoadjuvant chemotherapy. Onco
Targets Ther (2015) 8:2873-4. doi: 10.2147/OTT.S96935

32. Cong BB, Cao XS, Qiu PF, Liu YB, Zhao T, Chen P, et al. Validation study of the
modified injection technique for internal mammary sentinel lymph node biopsy in breast
cancer. Onco Targets Ther (2015) 8:2705-8. doi: 10.2147/OTT.S91185

33. Malviya G, Anzola KL, Podesta E, Lagana B, Del Mastro C, Dierckx RA, et al. (99m)
Tc-labeled rituximab for imaging b lymphocyte infiltration in inflammatory autoimmune
disease patients. Mol Imaging Biol (2012) 14(5):637-46. doi: 10.1007/s11307-011-0527-x

34. Li N, Zhou X, Zhu H, Wang F, Guo R, Zhang Y, et al. (99m)Tc-rituximab sentinel
lymph node mapping and biopsy, the effective technique avoids axillary dissection and predicts
prognosis in 533 cutaneous melanoma. Ann Nucl Med (2022). doi: 10.1007/s12149-022-01815-8

35. LiuJ, Tan Z, Xue R, Fan Z, Bai C, Li S, et al. The efficacy of (99m)Tc-rituximab as a
tracer for sentinel lymph node biopsy in cutaneous melanoma patients. Ann Transl Med
(2022) 10(2):95. doi: 10.21037/atm-21-6890

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.1155/2022/9605439
https://doi.org/10.6004/jnccn.2022.0030
https://doi.org/10.1016/j.ijrobp.2009.06.081
https://doi.org/10.1016/j.ijrobp.2010.11.061
https://doi.org/10.3389/fonc.2020.584009
https://doi.org/10.2967/jnumed.108.053512
https://doi.org/10.1097/RLU.0b013e3181662fc7
https://doi.org/10.1097/RLU.0b013e3181662fc7
https://doi.org/10.1007/s10549-012-2203-5
https://doi.org/10.2147/OTT.S106519
https://doi.org/10.18632/oncotarget.9614
https://doi.org/10.1007/s10549-017-4591-z
https://doi.org/10.2967/jnumed.115.160572
https://doi.org/10.3390/diagnostics9010012
https://doi.org/10.1016/j.surg.2008.06.005
https://doi.org/10.1186/s12957-019-1683-8
https://doi.org/10.1016/j.ejso.2009.09.006
https://doi.org/10.18632/oncotarget.9634
https://doi.org/10.4143/crt.2018.062
https://doi.org/10.2217/fon-2020-0225
https://doi.org/10.2217/fon-2020-0225
https://doi.org/10.1097/MD.0000000000001790
https://doi.org/10.1097/MD.0000000000001790
https://doi.org/10.1016/j.breast.2013.06.002
https://doi.org/10.1245/s10434-014-3650-5
https://doi.org/10.1056/NEJMoa1415340
https://doi.org/10.1056/NEJMoa1415369
https://doi.org/10.18632/oncotarget.20186
https://doi.org/10.4048/jbc.2018.21.e49
https://doi.org/10.1111/tbj.12754
https://doi.org/10.1245/s10434-013-3263-4
https://doi.org/10.2147/OTT.S96935
https://doi.org/10.2147/OTT.S91185
https://doi.org/10.1007/s11307-011-0527-x
https://doi.org/10.1007/s12149-022-01815-8
https://doi.org/10.21037/atm-21-6890
https://doi.org/10.3389/fonc.2023.1100077
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	99mTc-rituximab tracer injection for guiding internal mammary sentinel lymph nodes biopsy in primary breast cancer: A prospective observational study
	1 Introduction
	2 Methods
	2.1 Study design and patients
	2.2 Procedure
	2.3 Outcomes
	2.4 Sample size
	2.5 Statistical analysis

	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


