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Background: Neoadjuvant chemotherapy has gradually become an important means of breast cancer 
treatment; however, tumor regression following chemotherapy remains a concern. This study was conducted 
to investigate the effect of ultrasound-assisted carbon nanoparticle labeling in neoadjuvant chemotherapy for 
breast-conserving surgery in breast cancer.
Methods: This was a prospective clinical trial study (clinical registration number: ChiCTR-
OOC-15006844). Sixty-eight breast cancer patients confirmed by biopsy between July 2015 and January 
2017 were randomly selected from the clinical data. Of these, 32 patients were screened for neoadjuvant 
chemotherapy, forming a consecutive, random series. An ultrasound-guided carbon nanotube was used to 
mark the original tumor, and sentinel lymph node biopsies were performed. After 4–6 cycles of standard 
neoadjuvant chemotherapy, 26 patients were selected for breast-conserving surgery. The feasibility and 
validity of carbon nanoparticle labeling were analyzed through the negative rate of incision margin, the 
volume of resected tumors, the detection rate of black-stained sentinel lymph nodes, the recurrence rate of 
ipsilateral breast, and postoperative survival.
Results: In all, 32 patients underwent sentinel lymph node biopsy, 29 cases were detected (90.6%), the 
false-negative rate was 3.8% (1/26), and 0–4 sentinel lymph nodes (mean 1.8±1.1) were detected. A total 
of 26 patients underwent breast-conserving surgery, 5 underwent secondary excision, and 1 underwent 
subcutaneous adenectomy due to a positive margin. The minimum margin between the resected site and 
the infiltrated part was 1.0–2.1 cm (1.3±0.3 cm). The diameter of resected tumors ranged from 2.2 to 4.5 cm 
(3.1±0.6 cm). No recurrence or distant metastasis of ipsilateral breast tumors was observed during follow-up 
(the median follow-up time was 9 months).
Conclusions: Ultrasound-assisted carbon nanoparticle labeling is effective for sentinel lymph node tracing 
before neoadjuvant chemotherapy and has a high detection rate for metastatic lymph nodes. During breast-
conserving surgery, it can determine the extent of tumor resection to achieve precision surgical treatment.

1837

	
^ ORCID: Nan Lin, 0000-0002-9491-2611; Yu Wang, 0000-0002-5578-6827.

https://crossmark.crossref.org/dialog/?doi=10.21037/qims-22-361


Lin et al. Carbon nanoparticle labeling in NAC for breast cancer1826

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(3):1825-1837 | https://dx.doi.org/10.21037/qims-22-361

Introduction

Breast cancer is one of the most common cancers in 
women, accounting for 30% of all cancer cases (1). 
According to Global Cancer Statistics 2020, breast cancer 
has eclipsed lung cancer as the top cause of global cancer, 
with an anticipated 2.3 million new cases (2). The treatment 
of breast cancer is multidisciplinary. Breast-conserving 
surgery is frequently used in clinical practice due to patient 
needs and long-term safety verification (3). Preoperative 
neoadjuvant chemotherapy can allow some patients to 
regain the opportunity for surgery and reduce tumor 
staging in some patients (4). However, tumor regression 
following chemotherapy can be a concern, as the remaining 
tumor cells cannot be located even under a microscope 
in some patients (5). Moreover, illness assessment focuses 
on axillary lymph node examination after treatment (6). 
Therefore, to make the incision edge negative in breast-
conserving surgery after neoadjuvant chemotherapy, the 
size and location of the primary tumor are critical. Here, 
the challenge involves balancing the needs of main tumor 
labeling and sentinel lymph node biopsy at the same time.

In contrast with other methods such as tumor markers 
(guide wire and probe) and other dye markers (methylene 
blue, indocyanine green, gentian purple), which are used to 
mark nonpalpable breast tumors and sentinel lymph nodes, 
carbon nanoparticles have good lymphatic tropism as well 
as lower local diffusion and absorption rates. 

Since 2013, based on the advantages and effectiveness of 
carbon nanoparticles (7), we carried out a new exploration 
of nanocarbon dyes in precision surgery for gastrointestinal 
(8,9), thyroid (10), and breast (11) tumors, providing a 
basis for finding a new and effective staining method. 
Furthermore, we previously conducted a retrospective 
analysis of the short-term follow-up of preoperative carbon 
nanoparticle staining in 16 breast cancer patients and also 
performed a preliminary study of carbon nanoparticle 
staining before neoadjuvant chemotherapy in 3 patients. 
The operative, follow-up, and aesthetic appearance results 
were all satisfactory (11).

The present study used carbon nanoparticles to label 
breast cancer before neoadjuvant chemotherapy and 
sentinel lymph node biopsy. Tracing of the sentinel 
lymph node and guiding breast-conserving surgery were 
conducted to minimize postoperative complications. No 
complications, including cancer recurrence, subcutaneous 
staining after injection, local skin inflammation or necrosis, 
or allergic reactions, were observed. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-361/rc).

Methods

General patient information

This was a prospective clinical trial (clinical registration 
number: ChiCTR-OOC-15006844). The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013) and was approved by the Ethics Committee 
for Drug Clinical Trials of The 900th Hospital of the Joint 
Logistics Support Force, PLA. Informed consent was 
obtained from all of the patients. 

A total of 68 breast cancer patients confirmed by biopsy 
between July 2015 and January 2017 were randomly selected 
from the clinical data. Of these, 32 patients were screened for 
neoadjuvant chemotherapy, forming a consecutive, random 
series. We initially performed an ultrasound-guided injection 
of nanocarbon 0.5 cm from the maximum diameter margin of 
the transverse and longitudinal axes of the lesion as well as a 
sentinel lymph node biopsy. Next, 4–6 cycles of neoadjuvant 
chemotherapy were carried out. Evaluation of the tumor 
clinical response during chemotherapy was conducted by 
imaging and ultrasound every 2 cycles. We screened 26 
patients who were suitable for breast-conserving surgery 
after chemotherapy (the patients’ basic information is shown 
in Table 1). We identified and enrolled patients in the study 
after obtaining their informed consent. All patients were 
monitored for side effects at each visit, and all adverse events 
were reported according to the standard procedures.
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Indications and contraindications of breast-conserving 
surgery after neoadjuvant chemotherapy

The indications for breast-conserving surgery were the 
following: (I) maximum tumor diameter of tumor after 
neoadjuvant chemotherapy less than 3 cm; (II) single tumor 
with no signs of skin or chest wall involvement; (III) tumor 
distance from the nipple >2 cm; and (IV) the appropriate 
tumor: breast ratio, with a good breast shape that could be 
maintained postoperatively.

The contraindications for breast-conserving surgery 
were the following: (I) patients who had undergone previous 
breast or chest wall radiotherapy; (II) the lesions in a wide 
area or identified as multicentric lesions, for which negative 
margins would be difficult to achieve; (III) a positive 
margin after extensive excision of the tumor, or a lack of a 
guaranteed pathological margin after resection; (IV) patient 
refusal of breast-conserving surgery; (V) inflammatory 
breast cancer; (VI) cases in which radiation therapy is 
needed during pregnancy; and (VII) active connective tissue 
disease or tolerance to radiotherapy.

Tracer

A carbon nanoparticle suspension injection (Kanalin) was 
used as a dye, and the carbon nanoparticles (with an average 
diameter of 150 nm) were evenly distributed throughout the 
injection. It has a particular interaction with the lymphatic 
system. When injected into the surrounding tissue of the 
tumor, the carbon nanoparticle suspension is phagocytized 
by macrophages, rapidly enters the lymphatic vessels, and 
makes the lymph nodes black. Meanwhile, the hydrostatic 
pressure of the tissue pushes it into lymphatic capillaries 
rather than into the capillaries, where the gaps between 
endothelial cells are only 30–35 nm.

Preoperative markers and sentinel lymph node biopsy

Sentinel lymph node biopsy is routinely performed before 
neoadjuvant chemotherapy, as recommended by the 2012 
San Antonio Breast Cancer Conference. Patients were 
placed in the supine position, and the upper limb was 
abducted. Based on ultrasound-guided confirmation of the 
maximum horizontal axis of the tumor, 6 injection points 
were selected at the farthest 0.5 cm away from the outer 
edge of the tumor, and each injection point was about  
60 degrees apart. The carbon nanosuspension was injected 

Table 1 Basic characteristics of the included patients

Parameter Result

Age (age, x±s) 45.7±10.3

Menopause (yes/no) 11/15

Shortest distance to the nipple (cm, x±s) 3.5±0.8

Tumor length (cm, x±s) 3.2±1.4

Clinical TNM staging

Stage IIA (example) 24

Stage IIB (example) 1

Stage IIIA (example) 1

Tumor location

Inner and upper quadrant (example) 6

Inner and lower quadrant (example) 3

Outer quadrant (example) 13

Outer and lower quadrant (example) 4

Pathological type

Invasive ductal carcinoma (example) 20

Invasive lobular carcinoma (example) 6

Molecular subtype

Luminal A 9

Luminal B 11

HER2 positive 5

Triple negative 1

Neoadjuvant chemotherapy

CAF 7

TC 9

TAC 10

Tumor length after NAC (cm, x±s) 2.3±1.1

Twenty-six patients who completed NAC were assessed as 

candidates for breast-conserving surgery. The tumor stages 

were stage II and stage III, and were in 4 directions of the 

breast. The pathological types were invasive ductal carcinoma 

and invasive lobular carcinoma. The molecular subtypes were 

luminal A, luminal B, and HER2-positive. The chemotherapy 

regimens used were CAF, TC, and TAC. TNM, tumor-node-

metastasis; HER2, human epidermal growth factor receptor 

2; CAF, cyclophosphamide + adriamycin + fluorouracil; TC, 

docetaxel + cyclophosphamide; TAC, docetaxel + adriamycin + 

cyclophosphamide ; NAC, neoadjuvant chemotherapy.
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into the superficial and deep parts of the gland with a  
23-G needle, with 12 points being marked in total (Figure 1).  
A 0.1 mL nanocarbon suspension (containing 0.05 mg 
nanoscale suspension and mixed with a 0.9% sodium 
chloride injection at a 1:1 ratio) was injected into each 
point. 

A sentinel lymph node biopsy was subsequently 
performed. A 3 cm incision was made on the affected side 
axillary front line and the third fold ribs to explore and 
excise the lymph nodes and lymphatics, which had been 
dyed black previously (Figure 2). The excised tissue was 
sent to the pathology department. The above procedures 
were carried out by the same group of experienced breast 
surgeons and color Doppler doctors.

Neoadjuvant chemotherapy

A total of 32 patients with locally advanced breast cancer (no 
distant metastases were found) who needed downstaging 
to operate or strongly required downstaging for breast-
conserving surgery were selected to complete 4–6 cycles of 
neoadjuvant chemotherapy preoperatively. The chemotherapy 
regimens were as follows: (I) cyclophosphamide + adriamycin 
+ fluorouracil (CAF) regimen (cyclophosphamide 100 mg/m2,  
doxorubicin 30 mg/m2, and fluorouracil 500 mg/m2); 
(II) docetaxel + adriamycin + cyclophosphamide (TAC) 
regimen (docetaxel 75 mg/m2, adriamycin 50 mg/m2, 
and cyclophosphamide 500 mg/m2); and (III) docetaxel + 
cyclophosphamide (TC) regimen (docetaxel 75 mg/m2 and 

Figure 1 Preoperative ultrasound-assisted labeling of carbon nanoparticles. (A,B) The carbon nanoparticle suspension was injected at the 
outer edge of the tumor, which was marked by a total of 12 points with the assistance of ultrasonic real-time image localization. B, brightness 
mode; Frq, frequency; Gn, gain; S/A, speckle noise suppression/average frames; Map, gray map; D, depth; DR, dynamic range; FR, frame 
rate; AO, analog output.

Figure 2 Dark lymph nodes and lymphatics. (A,B) A 3 cm incision was made at the axillary front and the third fold rib of the affected side, 
and black lymph nodes and lymphatic vessels could be seen.

A B

A B
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cyclophosphamide 600 mg/m2). According to the National 
Comprehensive Cancer Network (NCCN) guidelines, 26 
patients who met the indications of breast-conserving surgery 
were screened out after chemotherapy.

Surgery and postoperative treatment

Operation and incision selection 
The patients were placed in the supine position, and the 
upper extremities were abducted. With the nipple as the 
center, the breast was divided into two parts: upper and 
lower. Above the nipple, a nipple-centered arc incision 
was employed, and below the nipple, a nipple-centered 
radial incision was used. An axillary incision was designed 
to be an oblique incision parallel to the axillary fold 
line. The tissues within 0.5 cm of the tissue stained by 
carbon nanoparticles were excised during the operation, 
including the skin of the area and the pectoralis fascia 
where the tumor was located. The residual cavity and the 
incision margin of the tumor were examined using frozen 

pathology (Figure 3). An R0 resection denoted that no 
tumor cells were found at the endoscopic resection margin. 
An R1 resection was negative at the macroscopic resection 
margin, with tumor cells present at the endoscopic 
resection margin. A positive incision margin required 
a secondary surgery, and a positive incision margin 
in secondary surgery was treated with subcutaneous 
glandectomy. Finally, the operation was completed by 
routine suture and hemostasis.

Axillary lymph node dissection
Axillary lymph node biopsy and rapid freezing pathology 
were carried out in patients with negative sentinel lymph 
nodes. An axillary lymph node dissection was performed in 
patients with positive sentinel lymph nodes. Intraoperative 
removal of lymph nodes was conducted in group I 
(subaxillary group, lateral breast group, central breast 
group, subscapular breast group; pectoralis major and 
intermuscular lymph nodes) and group II (middle axillary 
group; axillary lymph node of the deep pectoral muscle).

Figure 3 The specimens removed in breast-conserving surgery. (A) Skin and thoracic fascia at the site of the tumor; (B) dark neoplasm, 
lymph nodes, and surrounding tissue; (C) the stained tumor tissue; (D) axillary lymph nodes.

A B

C D
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Postoperative chemotherapy
A total of 26 patients underwent 4–6 cycles of systemic 
chemotherapy at 2–4 weeks postoperatively. According to the 
clinical evaluation results after neoadjuvant chemotherapy, 
the original neoadjuvant chemotherapy regimen or a 
modified regimen was administered. During chemotherapy, 
gastric mucosa, antiemetic effect, liver protection, and 
enhanced immunity were routinely protected.

Postoperative radiotherapy
In total, 26 patients were treated with local radiotherapy 
within 2–4 weeks following the completion of chemotherapy. 
Radiotherapy was divided into total irradiation (6 MV high-
energy X-ray medical accelerator, 1.8–2.0 Gy/time, 5 days 
per cycle, for a total of 5 sessions of radiotherapy), additional 
radiation from the primary site (10–16 Gy/time, 7–10 days 
per cycle, for a total of 5 sessions of radiotherapy), and local 
radiotherapy in the supraclavicular region (50 Gy/time,  
5 days for a cycle, for a total of 5 sessions of radiotherapy).

Endocrine therapy
According to the results of immunohistochemistry and the 
ages of the patients, endocrine therapy was divided into long-
term tamoxifen (nonsteroidal antiestrogen drug) 20 mg/day 
or long-term letrozole (aromatase inhibitor, synthetic benzyl 
3 azole derivative) 2.5 mg/day. We also regularly examined 
the liver and kidney function of patients and performed 
routine blood tests during the course of medication.

Evaluation of the curative effect

We assessed the following aspects: tumor cell infiltration, 
the maximum diameter of the resected tissue, the minimum 
distance between the tumor margin and the resected 
margin, the maximum distance between the tumor margin 
and the resected margin, tumor pathological type, axillary 
lymph node metastasis, and tumor pathological stage, 
among others. Time consumption, blood loss, and skin 
staining were also recorded.

Postoperative follow-up

Physical examination, breast color Doppler ultrasonography, 
abdominal B ultrasonography, carcinoembryonic antigen 
(CEA), and cancer antigen (CA) 15-3 were administered 
every 3 months in the first year postoperatively, and 
mammography and magnetic resonance imaging (MRI) 
were performed once annually thereafter. We also 

conducted a comprehensive evaluation of the patients’ 
tolerance to follow-up radiotherapy and chemotherapy, 
ipsilateral breast recurrence, distant metastasis, and survival.

Statistical analysis

Measurement data are expressed as the mean (+) and standard 
deviation, and count data are expressed by numbers or 
percentages. The sensitivity (Se), specificity (Sp), positive 
predictive value (PPV), negative predictive value (NPV), and 
false-negative rate (FNR) were calculated. SPSS 20 (IBM 
Corp., Armonk, NY, USA) was used for statistical analyses. 

Results

A total of 68 eligible patients were enrolled and participated 
in the study, and 32 patients received carbon nanoparticle 
labeling and sentinel lymph node biopsy before neoadjuvant 
chemotherapy (Figure 4).

Carbon nanoparticle labeling and sentinel lymph node biopsy

A total of 32 patients received preoperative neoadjuvant 
chemotherapy, carbon nanoparticle labeling, and sentinel 
lymph node biopsy. The marking time ranged from 10 to 
20 min, with an average of 15.8 min. Black sentinel lymph 
node staining was found in 29 patients (the sentinel lymph 
node identification rate was 90.6%), with 0–4 sentinel 
lymph nodes detected in each patient (average of 1.8). 
Among the 3 patients without black sentinel lymph node 
staining, axillary lymph node metastasis was found in 1 
patient.

The postoperative pathological examination of axillary 
lymph nodes revealed that 14 cases were negative and  
12 were positive; 11 of the 12 positive cases were detected 
by sentinel lymph node biopsy. There was 1 false-negative 
case in which the cancer cells were not found in the black-
stained sentinel lymph nodes, but metastatic lymph nodes 
were found. Table 2 shows the diagnostic values of sentinel 
nodes using carbon nanoparticles. Based on pathological 
results (the gold standard), the Se was 91.7% (11/12), the 
Sp was 100% (14/14), the PPV was 100% (11/11), the NPV 
was 93.3% (14/15), and the FNR was 3.8% (1/26).

Response to neoadjuvant chemotherapy

Among all 32 patients, there were 4 cases of pathological 
complete response (pCR; indicating no invasive carcinoma 
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in the primary breast and no carcinoma in the regional 
lymph nodes). Two cases were inoperable due to a tumor 
size larger than 3 cm and skin involvement. According 
to the NCCN guidelines, 26 cases of breast-conserving 
surgery were selected, including 8 cases of complete 
response (CR), 17 cases of partial response (PR), 1 case of 

stable disease (SD), and no cases of progressive disease (PD).

Breast-conserving surgery 

A total of 26 cases underwent breast-conserving surgery. 
Of these, 5 underwent a second operation, as intraoperative 

Figure 4 Flowchart. SLNB, sentinel lymph node biopsy; PCR, pathological complete response; CR, complete response; PR, partial 
response; SD, stable disease.

Potentially eligible participants (n=68)

Neoadjuvant chemotherapy (n=32)
Carbon nanoparticle labeling 

and SLNB before neoadjuvant 
chemotherapy

Evaluation of tumor clinical 
response every 2 cycles

PCR (n=4) CR (n=8) PR (n=17) SD (n=1)

Excluded

Inoperable (n=2)

Breast conserving surgery (n=26)

Subcutaneous adenectomy (n=1) Second operation (n=5) Negative margin (n=20)

Postoperative treatment

Evaluation of curative effect and 
postoperative follow-up

Included: confirmed by biopsy

Included: 
1. locally advanced inoperablely patients
2. strongly require for breast-conserving surgery

Table 2 Diagnostic values of sentinel nodes using carbon nanoparticles (n=26)

SLNB status
ALND

cN+ cN0 Total Predict value

Positive 11 0 11 PPV =100% (11/11)

Negative 1 14 15 NPV =93.3% (14/15)

Total 12 14 26

Predict value Se =91.7% (11/12) Sp =100% (14/14) FNR =3.8% (1/26)

Based on the pathological results (the gold standard), the Se was 91.7% (11/12), the Sp was 100% (14/14), the PPV was 100% (11/11), 
the NPV was 93.3% (14/15), and the FNR was 3.8% (1/26). ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; Se, 
sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; FNR, false-negative rate. 
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frozen pathology examination suggested a positive incision 
margin, and 1 case underwent subcutaneous adenectomy due 
to a positive incision margin during the second operation. 
Excluding 1 case of subcutaneous glandectomy, the diameter 
of the resected tumors ranged from 2.2 to 4.5 cm (average 
3.3 cm). The minimum distance between the resected site 
and the infiltrated part was 1.0–2.1 cm (average 1.4 cm). The 
average operation time was 48.4±5.3 minutes. The average 
blood loss during the operation was 20.8±6.2 mL.

Postoperative follow-up

The follow-up time of the 26 patients who underwent 
breast-conserving surgery ranged from 6 to 12 months 
(average 9.2 months). No local recurrence or distant 
metastasis was observed during the follow-up period. The 
aesthetic appearance was “good” in 18 patients, “fair” in 5 
patients, and “acceptable” in the remaining 3 cases.

Discussion

Neoadjuvant chemotherapy is an important part of breast 
cancer treatment, and its safety and feasibility have been 
established (12,13). The primary treatment group includes 
patients with locally advanced breast cancer and large 
tumors (>5 cm) or axillary lymph node metastasis, and 
some patients with early breast cancer with a strong breast-
conserving desire (14). The National Surgical Adjuvant 
Breast and Bowel Project (NSABP) B-18 clinical study has 
provided an answer regarding the choice of a neoadjuvant 
chemotherapy course for breast cancer. Although there 
was no significant difference between preoperative 
chemotherapy and postoperative radiotherapy in the 
disease-free survival (DFS) and overall survival (OS), 4 
cycles of neoadjuvant chemotherapy showed greater breast-
conserving ability than did postoperative chemotherapy 
(67.8% vs. 59.8%). Furthermore, the DFS and OS of breast 
cancer patients with complete pathological remission after 
neoadjuvant chemotherapy was found to be significantly 
improved (15,16). Therefore, we chose to perform  
4–6 cycles of chemotherapy, which not only satisfies 
the evaluation of the efficacy of chemotherapy, provides  
in vivo drug sensitivity results for comprehensive follow-up 
treatment, and improves breast-conserving opportunities, 
but also avoids the overtreatment of some patients who are 
not sensitive to chemotherapy, which delays the treatment 
cycle.

Based on the results of the present study, the advantages 

of ultrasound-guided carbon labeling before neoadjuvant 
chemotherapy in breast-conserving surgery are outlined 
below.

(I)	 Reduction of  the recurrence rate.  Several 
large-scale clinical trials have confirmed that 
the DFS and OS rates  of  the neoadjuvant 
chemotherapy are not significantly different 
from those of postoperative chemotherapy (17).  
Additionally, these clinical experiments showed 
that neoadjuvant chemotherapy could significantly 
improve the breast-conserving surgery rate and 
reduce the breast incision surgery rate. However, 
the recurrence rate of ipsilateral breast tumors is 
higher in patients undergoing breast-conserving 
surgery at the descending stage than in those 
who were initially suitable for breast-conserving 
surgery (18,19). The MD Anderson Cancer 
Center further studied the factors leading to the 
recurrence of breast-conserving surgery after 
neoadjuvant chemotherapy (20), stating 4 points: 
(i) clinical lymph node status; (ii) residual tumor 
size; (iii) residual pattern; and (iv) whether there is 
vascular lymphatic invasion. The precise resection 
of primary tumors, clear axillary lymph nodes, 
and the dissection of metastatic lymph nodes are 
the key factors determining the success of breast-
conserving surgery after neoadjuvant chemotherapy 
(14,21). Ultrasound-guided carbon labeling of 
tumors and lymph nodes will facilitate the complete 
removal of lesions during surgery and reduce the 
rate of postoperative tumor recurrence (7).

(II)	 Having unique advantages compared with other 
preoperative tumor markers.  Preoperative 
labeling methods for tumors can be divided 
into 2 categories: surface labeling and tumor 
body labeling. Surface marking is mainly used 
to mark the projection of tumors on the skin of 
the breast using skin tattoos or coordinate paper. 
The limitation of this method is that the accuracy 
of the marking is considerably affected by the 
size and position of the breast. Although tumor 
body marking, such as guide wire and probe, can 
accurately determine the original location of the 
tumors, it cannot guide clinicians to select the 
range of resected tumors during the operation. At 
the same time, there is a risk of needle metastasis 
and labeling displacement. In particular, for 
residual tumors after neoadjuvant chemotherapy, 



Quantitative Imaging in Medicine and Surgery, Vol 13, No 3 March 2023 1833

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(3):1825-1837 | https://dx.doi.org/10.21037/qims-22-361

there is a multifocus pattern, which cannot describe 
the range of the original tumors, resulting in an 
increased positive rate of incision margin and 
secondary operation rate (22). The combination 
of radioisotopes and blue dye is recommended as 
the gold standard method for tumor labeling and 
sentinel lymph node biopsy (23). However, this is 
difficult to popularize due to safety and economic 
factors. At present, methylene blue, indocyanine 
green, gentian purple, superparamagnetic iron 
oxide nanoparticles, and carbon nanoparticles are 
effective alternatives. Although staining markers 
can simultaneously trace sentinel lymph nodes 
and mark tumors, their retention time in vivo is 
relatively short, which can easily cause local halo 
staining of the markers and cannot be applied 
widely in breast-conserving patients undergoing 
neoadjuvant chemotherapy (24).

Nanocarbon has good lymphatic tropism and 
its local diffusion and absorption rates are slower; 
thus, it remains visible to the naked eye 6 months 
after labeling. Moreover, compared with traditional 
dyes, it does not easily affect the surgical field of 
vision via local halo staining (11,25). Furthermore, 
the diameter of carbon nanoparticles is too large 
to enter the blood circulation system, so there is 
little toxicity and few side effects (26). However, it 
has been reported that the use of nanocarbon can 
cause side effects, such as subcutaneous staining 
after injection, skin inflammation or necrosis 
inflammatory granuloma, and allergic reactions. 
No side effects were observed in 26 patients who 
were followed up by our department.

The nanocarbon suspension used in this study 
has been maturely applied to the labeling and 
localization of tumors (such as thyroid cancer, 
gastric cancer, rectal cancer focus, etc.) and lymph 
node tracing (27,28). Our previous study showed 
that nanocarbon exhibits excellent performance 
in marking breast cancer tumors and sentinel 
lymph node tracing. In addition, we found 
that nanocarbon still has a good marking effect 
intraoperatively after neoadjuvant chemotherapy in 
3 patients with breast cancer (11). 

(III)	 Ensuring the sentinel lymph node detection rate of 
breast-conserving surgery. Numerous clinical trials, 
such as van Rijk’s 18-month follow-up study (29) 
on sentinel lymph node biopsy before neoadjuvant 

chemotherapy, have demonstrated that sentinel 
lymph node biopsy before chemotherapy can 
accurately determine the status of axillary lymph 
nodes. The feasibility of sentinel node biopsy 
before neoadjuvant chemotherapy was confirmed 
in a 4-arm, prospective, multicenter cohort study, 
which showed a sentinel node detection rate of 
nearly 100% (30). This can avoid the complications 
and considerable pain caused by axillary lymph 
node dissection for some patients with early 
breast cancer. In this study, the sentinel lymph 
node biopsy identification rate with nanocarbon 
was 90.6%, the Se was 91.7% (11/12), the Sp 
was 100% (14/14), the PPV was 100% (11/11), 
the NPV was 93.3% (14/15), and the FNR was 
3.8% (1/26). These results were similar to those 
reported by studies investigating other methods, 
which further confirmed the feasibility and validity 
of this method. Sentinel lymph nodes were not 
detected in 1 patient with positive lymph nodes 
in axillary lymph node dissection. In addition to 
potential problems in the labeling process, some 
other possible reasons could account for this, such 
as lymphatic tissue degeneration, lymphatic system 
injury, lymphatic drainage obstruction, and obesity.

Several studies have shown that sentinel 
lymph node biopsy accurately stages the axilla 
following neoadjuvant chemotherapy regardless 
of the presenting nodal stage (cN0, cN1) (31,32). 
Moreover, it is as safe to perform as before 
neoadjuvant chemotherapy and is now standard 
practice, as patients undergo fewer surgeries and 
the ypN0 rate is then higher (33). Both of these 
methods have advantages and disadvantages. 
Sentinel lymph node biopsy after chemotherapy 
has become the preferred way to evaluate axillary 
status in China; however, it should be noted that 
performing a sentinel lymph node biopsy twice 
both before and after neoadjuvant chemotherapy is 
not recommended.

(IV)	 Improving the negative margin rate of breast-
conserving surgery. In breast-conserving surgery, a 
negative margin of incision is the most important 
factor for surgeons. Complete tumor excision and 
sufficient normal breast tissue around the tumors 
to achieve a negative margin is the basic principle 
and requirement of excision. The pattern of tumor 
regression after neoadjuvant chemotherapy may be 
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diffuse fragmentation rather than centralization. 
Therefore, in breast-conserving surgery, it is very 
important to locate tumors before neoadjuvant 
chemotherapy (34,35). One study on the margin 
status of breast-conserving surgery reported that 
24.3% of patients after neoadjuvant chemotherapy 
had tumor-involved margins. Close margins (≤1 
mm) were seen in another 111 (17.7%) patients 
after neoadjuvant chemotherapy. The adjusted 
odds ratio showed a 3-time higher risk of involved 
margins compared with primary surgery (36).

In our study, the negative rates of the first and 
second incision margins were 77% and 96%, 
respectively. Only 1 case underwent subcutaneous 
mastectomy because the second incision margin 
was still positive. Reasonable labeling methods and 
good physicochemical properties of nanocarbon 
materials ensure a higher cutting-edge negative 
r a t e .  Through  our  l abe l ing  method ,  the 
3-dimensional stereotaxic localization of the tumors 
can provide a visual reference for clinicians. The 
labeling distance before neoadjuvant chemotherapy 
was 0.5 cm, while the resection of the tumors was 
about 0.5 cm away from the black-stained area 
during surgery, which not only ensured the safe 
margin of incision but also removed the black-
stained tissues as far as possible to avoid local 
complications caused by nanocarbon residues. 
We observed that the minimum margin distance 
between the resected and infiltrated parts of 25 
specimens was 1.0–2.1 cm (average 1.4 cm), which 
was a safe distance for breast-conserving surgery. 
Moreover, 5 of the 26 patients underwent a second 
excision, and 1 patient underwent a modified radical 
mastectomy for breast cancer due to a positive 
incision margin. A previous meta-analysis based 
on 21 studies reported that the local recurrence 
risk is 2.42 times for patients with positive initial 
margins compared to those with negative initial 
margins (P<0.001) (37). Therefore, we believe that 
the surgical procedure should be changed when 
the secondary margin is still positive. The average 
diameter of the resected tumors was 3.3 cm. The 
normal tissues were preserved as much as possible 
while ensuring complete resection of the tumors. 

(V)	 Improving cosmetic outcomes. Combined with 
improvements in the CR rate brought about by 
neoadjuvant chemotherapy, the application of 

carbon nanoparticles can enable clinicians to 
accurately excise and preserve normal tissues as 
much as possible. Considering that Asian women 
generally have smaller breasts, this plays an 
important role in the recovery of the breast and 
the preservation of breast shape. The cosmetic 
outcomes after breast cancer treatment will also 
reduce patients’ association with cancer in life and 
improve their quality of life (38).

Some expectations for carbon nanoparticles

The amount of accumulation of the carbon nanoparticle 
suspension in tumor tissues and lymph nodes is not 
yet known. 13C skeleton isotope labeling of carbon 
nanoparticles have been developed with the same properties 
as commercial CNP suspension injections. Also, the 
13C-content determinations of samples by isotope-ratio mass 
spectrometry can be used for mapping and quantification in 
tumor-draining lymph nodes (39). This will benefit safety 
evaluation and clinical practice guidance.

Study limitations

Some limitations to this study should be addressed. First, 
the sample number of patients involved in this study was 
too small to draw a definitive conclusion. We will further 
verify our findings by expanding the number of clinical trial 
participants in the future. Second, tumor reconstructive 
technology may be needed to improve the appearance and 
symmetry of the breasts after breast-conserving surgery. 
In 2018, the application of oncoplastic surgery (OPS) in 
breast cancer was described in the diagnosis and treatment 
specifications in China and many other countries. Third, 
tumor regression after neoadjuvant chemotherapy is not 
a completely central regression. Without staining, tumor 
resection will be blind. Due to the irregular staining range 
of carbon nanoparticles, the resection margin was expanded 
to 0.5 cm from the staining margin; that is, 1.0 cm from 
the tumor to achieve R0 resection. This can also avoid local 
complications caused by nanocarbon residues. Lastly, classical 
clinical trials, such as NSABP B-18, B-27, and an Italian 
consensus on neoadjuvant therapy for operable breast cancer, 
recommend that puncture biopsy should be performed after 
2 cycles of neoadjuvant therapy (17,19,40). Due to economic 
constraints and patient compliance, we did not perform a 
puncture biopsy in this study. We hope that the follow-up 
can be included in the standardized treatment process.
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Conclusions

The application of nanocarbon in breast-conserving surgery 
with neoadjuvant chemotherapy can directly guide surgeons 
in the resection of primary tumors, improve the negative rates 
of surgical margins, and reduce the difficulty of the procedure. 
At the same time, nanoparticles serving as sentinel lymph 
node tracers can improve the detection rate of metastatic 
lymph nodes, accurately determine the stage of axillary lymph 
nodes, and guide axillary lymph node dissection. However, 
further study is needed regarding the staging of axillary 
lymph nodes after neoadjuvant chemotherapy. Therefore, the 
application of carbon nanoparticles has been preliminarily 
verified as safe and reliable in breast-conserving surgery with 
neoadjuvant chemotherapy.
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