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INTRODUCTION

Neoadjuvant chemotherapy (NAC) is the standard treat-
ment for patients with locally advanced as well as some stage 
II to III human epidermal growth factor receptor 2 (HER2) 
positive (HER2+) and triple-negative (TN) breast cancer. It 
could improve the rate of breast-conserving surgery (BCS) 
and offer an opportunity to evaluate the efficacy of chemo-
therapy on primary tumor in vivo [1]. The pathologic com-

plete response (pCR) has been shown to be associated with 
improved survival outcomes, and nodal pCR is defined as no 
tumor cell remaining in the axillary lymph node (ALN) [2]. 
This definition of nodal pCR only focuses on the pathological 
state of ALN that overlooks the internal mammary lymph 
node (IMLN), which is one of the most important metastatic 
pathways of breast cancer [3]. IMLN usually has deep ana-
tomical position and small diameter (< 0.5 cm), the accuracy 
of imaging examination does not reflect the metastasis of 
IMLN. Furthermore, fine needle aspiration biopsy may not be 
able to reach the proper position and get false-negative results. 
With the development of axillary-sentinel lymph node biopsy 
(A-SLNB), internal mammary-sentinel lymph node biopsy 
(IM-SLNB) is expected to be a minimally invasive diagnostic 
technology for evaluating the metastasis of IMLN [4]. By as-
sessing the visualization and metastatic rates of internal mam-
mary sentinel lymph node (IMSLN) after NAC, our study 
aimed to evaluate the feasibility of IM-SLNB after NAC in pa-
tients with breast cancer.
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Purpose: The definition of nodal pathologic complete response 
(pCR) after a neoadjuvant chemotherapy (NAC) just included the 
evaluation of axillary lymph node (ALN) without internal mam-
mary lymph node. This study aimed to evaluate the feasibility of 
internal mammary-sentinel lymph node biopsy (IM-SLNB) in pa-
tients with breast cancer who underwent NAC. Methods: From 
November 2011 to 2017, 179 patients with primary breast can-
cer who underwent operation after NAC were included in this 
study. All patients received radiotracer injection with modified 
injection technology. IM-SLNB would be performed on patients 
with internal mammary sentinel lymph node (IMSLN) visualiza-
tion. Results: Among the 158 patients with cN+ disease, the rate 
of nodal pCR was 36.1% (57/158). Among the 179 patients, the 
visualization rate of IMSLN was 31.8% (57/179) and was 12.3% 
(7/57) and 87.7% (50/57) among those with cN0 and cN+ dis-

ease, respectively. Furthermore, the detection rate of IMSLN 
was 31.3% (56/179). The success rate of IM-SLNB was 98.2% 
(56/57). The IMSLN metastasis rate was 7.1% (4/56), and all of 
them were accompanied by ALN metastasis. The number of 
positive ALNs in patients with IMSLN metastasis was 3, 6, 8, 
and 9. The pathology nodal stage had been changed from pN1/
pN2 to pN3b. The pathology stage had been changed from IIA/
IIIA to IIIC. Conclusion: Patients with visualization of IMSLN 
should perform IM-SLNB after NAC, especially for patients with 
cN+ disease, in order to complete lymph nodal staging. IM-SLNB 
could further improve the definition of nodal pCR and guide the 
internal mammary node irradiation. 
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METHODS

Patient population
A total of 179 female patients who had a histology-con-

firmed initial clinical staging of T1-4N0-3M0 in invasive breast 
cancer treated at Shandong Cancer Hospital Breast Cancer 
Center were enrolled in this study between November 2011 
and 2017. The study was approved by the Shandong Cancer 
Hospital Affiliated to Shandong University Ethics Committee 
(No. SDTHEC20110324). Informed consent was obtained 
from all patients, and all procedures were in accordance with 
the ethical standards of the responsible institutional commit-
tee on human experimentation and with the Helsinki Decla-
ration. Patients diagnosed with distant metastatic disease prior 
to surgery or who did not have surgery at our center were ex-
cluded. Clinicopathologic and treatment data were collected 
from the patients’ medical record. Before NAC, all patients 
underwent a series of evaluation by a multidisciplinary team. 
Suspicious positive ALNs were accessed using fine needle as-
piration prior to the initiation of NAC. One percent expres-
sion rate was used as the standard to define positive hormone 
receptors (HRs). HER2 receptor was considered positive with 
immunohistochemical staining of 3+ or fluorescence in situ 
hybridization that was amplified. All patients received full 
course of chemotherapy regimens before surgery. The prima-
ry end-point was nodal pCR means no residual carcinoma in 
ALNs. Total pCR was defined as no residual invasive carcino-
ma in both breast and ALNs. Patients who were clinically 
node negative (n= 21) at presentation were excluded from the 
nodal pCR end-point calculation.

Study design and procedure
All patients received dual tracer injection of radiolabeled 

colloid and blue dye. Radiotracer was injected with modified 
injection technique: sulfur colloid was labeled with 99mTc  
after filtering through a Millipore filter with a pore size of 220 
nm (Beijing Atomic Galactic Jinan Drug Center, Beijing,  
China), with the guidance of ultrasound, and 18-37 MBq of 
99mTc-labeled sulfur colloid (1.0–1.2 mL volume) was injected 
into the mammary gland at 6 and 12 o’clock of the areola sur-
rounding area 3–18 hours before surgery [5,6]. Preoperative 
SPECT/CT lymphoscintigraphy (Philips Electronic N.V,  
Beijing, China) was performed before surgery. Blue dye 
(methylene blue) (2–4 mL) was injected subcutaneously 
around the tumor 10 minutes before surgery. 

Finishing the surgery of axillary and breast, IM-SLNB was 
performed on patients with visualization of IMSLN, which 
was detected by preoperative lymphoscintigraphy and/or 
gamma probe technique. From the sternal border in a lateral 

direction 3.0 cm to 4.0 cm, the pectoral major muscle fibers 
were separated to expose the posterior intercostal space. The 
external and internal intercostal muscles were divided from 
the sternal border. In this procedure, particular care must be 
taken to avoid injury to the inferior parietal pleura and the in-
ternal mammary vessels. Then, IMSLNs were removed 
through the intercostal space with the help of the gamma 
probe technique. In the surgery, we also need to record nu-
clide count and location of IMSLN. In patients who received 
mastectomy, IM-SLNB was performed using the mastectomy 
incision. In patients who received BCS, if the incision was im-
proper, IM-SLNB should be performed with another incision 
(Figure 1). Lymph nodes who found to have any tumor in it-
self, including micrometastases and isolated tumor cells, were 
defined as positive. 

Statistical analysis
All statistical data were analyzed with SPSS version 22.0 

software (IBM Corp., Armonk, USA). Independent-sample t-
test was used for continuous variables, and Pearson chi-square 
test or Fisher exact test was used for categorical variables. A 
p< 0.05 was considered statistically significant.

RESULTS

Patient characteristics
From November 2011 to 2017, 179 patients received full 

course of chemotherapeutic regimens followed by surgery in 
our cancer center. The median age of these patients was 49 
years (range, 25–70 years). In this study, 49.7% (89/179) of 
patients had HR+/HER2– disease, 33.0% (59/179) had 
HER2+ disease, and the remaining 17.3% (31/179) had TN 

Figure 1. Surgical findings of internal mammary-sentinel lymph node 
biopsy (IM-SLNB). (A) IM-SLNB using the mastectomy incision. (B) IM-
SLNB using the breast-conserving surgery incision. 
IMSLN= internal mammary sentinel lymph node.
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disease. The most common chemotherapeutic regimens that 
patients received included pharmorubicin, cyclophosphamide, 
and paclitaxel. HER2+ disease was identified in 59 patients, 
49.2% (29/59) of them received anti-HER2-targeted therapy 
(trastuzumab) before surgery. In terms of breast surgery of the 
selected, 81.6% (146/179) of patients underwent mastectomy, 
and the other 18.4% (33/179) of patients received BCS. 

Outcomes associated with pathologic complete response
In general, 17.9% (32/179) of patients achieved total pCR 

and was significantly associated with tumor subtype (p <  
0.001). About 5.6%, 25.8%, 48.3%, and 16.7% in patients with 
HR+/ HER2–, TN, HER2+ with, and HER2+ without target-
ed therapy. 

Among the 158 cN+ patients, nodal pCR rate was 36.1% 
(57/158). Our data also indicated that the nodal pCR has 
nothing to do with tumor burden in ALNs but was related to 
tumor subtype and was also significantly higher in patients 
with TN (44.5%) and HER2+ (with and without targeted 
therapy was 76.0% and 34.6%, respectively) disease than in 
those with HR+/HER2– disease (21.3%, p< 0.001). Our data 
also indicated that the nodal pCR has nothing to do with tu-
mor burden in ALNs but related to tumor subtype. The asso-
ciation between clinical nodal stage and nodal pCR was no 
longer significant: cN1 (42.7%), cN2 (35.2%), and cN3 (20.7%, 
p= 0.110).

Internal mammary-sentinel lymph node biopsy after 
neoadjuvant chemotherapy

All patients were injected with radiolabeled colloid using 
modified injection technology. The visualization rate of 
IMSLN after NAC was 31.8% (57/179), while 31.3% (56/179) 
of patients underwent IM-SLNB and was 12.3% (7/57) and 
87.7% (50/57) among cN0 and cN+ disease, respectively. The 
success rate of IM-SLNB was 98.2% (56/57). The median 
number of IMSLN was 1 (total, 87; range, 1–4), one and two 
IMSLNs were identified in 32 and 15 cases, and three or more 
IMSLNs were retrieved in nine cases (16.1%). The clinical 
characteristics and tumor subtype in patients with and with-
out IMSLN visualization are listed in Table 1. The clinical tu-
mor stage was negatively correlated with visualization of 
IMSLN (p = 0.025). Moreover, 45.5%, 36.7%, 32.1%, and 
12.8% of patients with cT1, cT2, cT3, and cT4 disease, respec-
tively. Tumor subtype, clinical nodal stage, and the number of 
positive ALNs had no effect on IMSLN visualization rate (all 
p> 0.05).

IMSLN-positive rate was 7.1% (4/56). All of them coexisted 
with positive ALNs, and the number of positive ALNs in pa-
tients with IMSLN metastasis were 3, 6, 8, and 9. The patholo-

gy nodal stage had been changed from pN1/pN2 to pN3b. The 
pathology stage had been changed from IIA/IIIA to IIIC. The 
tumor subtype in patients with IMLN metastasis was HR+/
HER2–. The positive IMSLN was located in the second inter-
costal space in two patients and the third intercostal space in 
two patients. Two patients had complications. One patient 
had internal mammary artery injury, which was resolved in-
traoperatively without postoperative bleeding. One patient 
had pleural injury that was repaired intraoperatively without 
pneumothorax. The median time-consuming of IM-SLNB 
was 10 minutes (range, 4–20 minutes).

DISCUSSION

IMLN and ALN belong to the “first station” lymph node of 
breast cancer lymphatic drainage, and internal mammary 
lymphatic vessel is one of the most important metastatic path-
ways of breast cancer [7]. Suami et al. [8] found that the inter-
nal mammary lymphatic vessels were identified alongside the 
internal mammary blood vessels, deep to the parietal pleura, 
with IMLNs present in the intercostal spaces. Collecting lym-
phatics passed through the intercostal muscle beside each 
perforating blood vessel to join the internal mammary lym-
phatic system. Moreover, no apparent connection was ob-
served between the collecting lymphatics accompanying the 

Table 1. Characteristic of patients with and without IMSLN visualization

Characteristic
Patients with 

IMSLN visualization 
No. (%)

Patients without 
IMSLN visualization

No. (%)
p-value

Clinical T stage 0.025
   cT1 10 (17.5) 12 (9.8)   
   cT2 33 (57.9) 57 (46.7)   
   cT3 9 (15.8) 19 (15.6)  
   cT4 5 (8.8) 34 (27.9) 
Clinical N stage 0.462
   cN0 7 (12.3) 14 (11.5)    
   cN1 28 (49.1) 47 (38.5)    
   cN2 13 (22.8) 41 (33.6)     
   cN3 9 (15.8) 20 (16.4)
Tumor subtypes 0.521
   HR+/HER2– 29 (50.9) 60 (49.2)   
   HER2+ 16 (28.1) 43 (35.2)
   TN 12 (21.0) 19 (15.6)
Positive ALNs 0.072
   0 28 (49.1) 44 (36.1)  
   1 9 (15.8) 20 (16.4)  
   2 6 (10.5) 7 (5.7)   
   3 4 (7.1) 5 (4.1) 
   ≥4 10 (17.5) 46 (37.7) 

IMSLN= internal mammary sentinel lymph node; HR=hormone receptor; 
HER2 =human epidermal growth factor receptor2; TN =triple-negative; 
ALN=axillary lymph node.
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branches of the internal mammary blood vessels and the su-
perficial collecting lymphatics. Li et al. [9] found that the lym-
phatic density around the breast tumor were reduced signifi-
cantly after NAC than before, while the density of lymphatic 
vessels in the breast tumor was not significantly changed. The 
change of the density in the lymphatic vessels around the tu-
mor was related to the therapeutic effect of NAC. Some inves-
tigators reported that chemotherapy could alter the lymphatic 
drainage patterns by shrinkage to and fibrosis of lymph vessels 
as well as by obstructing lymphatic channels with cellular ma-
terial or tumor emboli [10,11]. Tsuyuki et al. [12] compared 
the sentinel lymphatic pathways to the axillary sentinel lymph 
node (ASLN) and ASLN location before and after NAC in 36 
patients (38 breasts) using the indocyanine green-fluorescence 
method. The result showed that although the locations of 
ASLNs were not affected by NAC, 42.1% (16/38 affected 
breasts) of the sentinel lymphatic pathways were changed by 
NAC. Furthermore, the false-negative rate of A-SLNB was 
25% after NAC. However, researches on internal mammary 
lymphatic pathways after NAC were limited, whether lym-
phatic vessels that drain into the IMLN were affected by NAC 
has not been confirmed. 

The nodal pCR was identified as no existence of metastatic 
carcinoma in ALNs and has been shown to be associated with 
improved survival outcomes. However, the definition of nodal 
pCR assessed the pathological state of ALN, but overlooked 
the pathological state of IMLN. As IMLN metastasis has simi-
lar prognostic importance as that of ALN, the lymphatic me-
tastasis and staging should involve not only ALN but also 
IMLN. In patients without receiving NAC, the incidence of 
IMLN metastasis was 18%–33%, with 2%–11% of patients 
whose lymph node metastases situated only in IMLN without 
ALN [13]. It seems to be very meaningful in case of ALN–/
IMLN+; however, we have not encountered this situation in 
patients without NAC. In addition, few researches were con-
ducted with the metastatic rate of IMLN after NAC. A retro-
spective study on 74 patients who received IM-SLNB after 
NAC reported that the metastatic rate of IMLN was 7.3% 
(3/41) [14]. In our study, the metastatic rate of IMLN after 
NAC was 7.1% (4/56), similar to the study by Cao et al. [14], 
which were all accompanied by ALN metastases. The number 
of positive ALNs that patients with IMSLN metastasis was 3, 6, 
8, and 9. The pathological nodal stage had been changed from 
pN1/pN2 to pN3b. The pathological stage had been changed 
from IIA/IIIA to IIIC. With the increase of sample size, some 
patients with IMLN metastasis had no ALN metastasis after 
NAC. Therefore, we should consider the pathological state of 
IMLN when evaluating the nodal pCR. Therefore, IM-SLNB 
after NAC should be performed to clarify the whole nodal 

staging as 7.1% of patients had IMSLN metastases after NAC.                
With the continuous maturation of radiotherapy technology, 

IMLN irradiation that can improve the survival of breast can-
cer patients has gained more and more attention. The meta-
analysis of three clinical trials, i.e., European Organization for 
Research on Treatment of Cancer (EORTC, n= 4,004),  NCIC 
Clinical Trials Group MA.20 trial (n= 1,832), and French tri-
als (n= 1,334) confirmed that based on the whole breast and 
the chest wall irradiation, additional IMLN irradiation and 
supraclavicular region radiotherapy could significantly im-
prove the 10-year overall survival (hazard ratio, 0.88; 95% 
confidence interval [CI], 0.78–0.99) and 10-year disease-free 
survival (hazard ratio, 0.86; 95% CI, 0.78–0.95) [15]. As no 
stage III clinical trials could support irradiation in patients af-
ter NAC, the 2017 National Comprehensive Cancer Network  
Breast Cancer Guidelines recommended that adjuvant radia-
tion therapy post-BCS or postmastectomy was based on pre-
chemotherapy tumor staging because radiation therapy to 
chest wall plus infraclavicular region, supraclavicular area, 
IMLN irradiation, and any part of the axillary bed at risk in pa-
tients with ≥4 positive ALNs (category 1)\strongly suggest 
IMLN irradiation in patients with 1 to 3 positive ALNs (cate-
gory 2A) [16]. 

At present, the indication of IMLN irradiation mainly de-
pends on the high-risk factors of IMLN metastases (only pa-
tients with high-risk metastasis factors were selected without 
IMLN pathology assessment) [17]. Most patients who re-
ceived NAC were in the advanced stage with high-risk factors 
of IMLN metastases. However, patients with high-risk factors 
of IMLN metastases do not necessarily have IMLN metasta-
ses, and low-risk patients cannot be excluded of the possibility 
of IMLN metastases. Some patients with negative IMLN 
would receive overtreatment, and those with positive IMLN 
but negative ALN would receive undertreatment. Therefore, 
the pathological status of IMLN is superior to the high-risk 
factors for the guidance of IMLN irradiation, and IM-SLNB 
could help identify the metastasis of IMLN. In patients with-
out NAC, IMLN irradiation could be avoided in patients with 
negative IMSLN [14], whereas whether it is appropriate in pa-
tients with NAC should be further explored. 

The IMLN dissection provided the main data in assessing 
the pathological status of IMLN. However, the extended radi-
cal mastectomy had been abandoned because it cannot im-
prove the overall patient survival [13]. IMLN has been well 
known to usually have a deep anatomical position and small 
diameter (< 0.5 cm), and the sensitivity of imaging examina-
tion cannot meet the clinical requirements to detect IMLN me-
tastases. With the development of SLNB technique, IM-SLNB 
is expected to be a minimally invasive diagnostic technique in 
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assessing the status of IMLN metastasis [18]. However, IMSLN 
can be identified only in a small proportion of patients with 
the tradition injection technique, which has been the biggest 
restriction of IM-SLNB. Based on the hypothesis that IMSLN 
receives lymphatic drainage not only from the primary tumor 
area but also the entire breast parenchyma, Qiu et al. [6,19] 
injected radiotracer using modified injection technique (peri-
areolar intraparenchymal, high volume, and ultrasound guid-
ance), which could significantly improve the preoperative vi-
sualization rate of the IMSLN. With the combination of the 
intraoperative gamma probe, the detection rate of IMSLN 
could reach 77.2% (p< 0.05).

Cao et al. [14] evaluated the data of 74 breast cancer pa-
tients who received NAC. Results showed that with the guid-
ance of modified injection technique, the visualization rate of 
IMSLN after NAC was 56.8% (42/74). These numbers are 
promising, but are too small. From November 2011 to 2017, 
179 breast cancer patients who underwent NAC were enrolled 
in our study, with the guidance of modified injection tech-
nique, and the visualization rate of IMSLN was 31.8% (57/ 
179). The clinical tumor stage could affect the visualization 
rate of IMSLN after NAC. Although a difference in IMSLN 
visualization rate was found between different clinical nodal 
stages, the difference was not significant. 

In our study, among the 57 patients with radioactive 
IMSLN, 56 received IM-SLNB successfully, and its success 
rate was 98.2%. Only two patients (3.6%) had complications, 
which were in the acceptable range. Therefore, IM-SLNB is a 
safe and feasible minimally invasive technique and should be 
recognized and taken into practice. 

IM-SLNB after NAC should be considered and taken into 
practice, especially in patients with cN+ disease, in order to 
complete lymph nodal staging. IM-SLNB could further im-
prove the definition of nodal pCR and guide internal mam-
mary node irradiation. 
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