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Purpose: The results of large randomised trials have changed the treatment strategy of 
axillary lymph nodes. Axillary lymph node dissection (ALND) can be avoided in some 
patients with one to two sentinel lymph nodes (SLNs) metastasis based on final paraffin 
section (FPS) results which called into question the need for intraoperative frozen section 
(FS). This study aims to assess the guiding value of the number of positive SLN detected via 
FS for intraoperative ALND.
Patients and Methods: This study retrospectively analyzed data from 3303 patients with 
breast cancer who underwent SLN biopsy between 2015 and 2019. Combined with the FPS 
results, FS sensitivity, specificity, and false negative rate (FNR) were calculated and the 
difference in the number of positive SLNs between FS and FPS was analyzed.
Results: The overall FNR of FS was 23.21%, which was 76.47% in isolated tumor cells, 
62.28% in micrometastasis, and 12.09% in macrometastatic disease. The size of SLN 
metastasis were significantly associated with a higher FNR (p<0.001). The accuracy rate 
of the number of positive SLNs detected via FS was 92.62%. Human epidermal growth 
factor receptor 2 (HER2) (p<0.03) and Ki67 (p<0.02) were significant factors affecting the 
accuracy rate.
Conclusion: FS is a effective method for SLN biopsy, ALND can be avoided in patients 
with one or two positive SLNs detected via FS.
Keywords: breast neoplasms, sentinel lymph node, frozen section, false negative rate, 
axillary lymph node dissection

Introduction
Accurate axillary lymph node staging is an important basis for comprehensive 
treatment of breast cancer. Long-term results from randomized trials have docu-
mented that there are no significant differences between sentinel lymph node biopsy 
(SLNB) and axillary lymph node dissection (ALND) in patients with negative 
sentinel lymph nodes (SLNs).1–4 SLNB can accurately evaluate the axillary status 
and reduce complications caused by ALND. Recently, some researchers have tried 
to establish a less invasive predictive model based on tumor markers or imaging 
parameters to evaluate lymph node status in pre-operative stage. Okuno et al 
constructed a prediction model consisting of miR-98, tumor size, and lymphovas-
cular invasion for SLN metastasis with high accuracy in Estrogen receptor (ER)- 
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positive/Human epidermal growth factor receptor 2 
(HER2)- negative breast cancer.5 Zhang et al verified that 
a multiparametric MRI-based radiomics nomogram incor-
porating the radiomics signature, and MRI-determined 
axillary lymph node burden had a favorable performance 
in predicting the SLN burden.6 Although these techniques 
have high accuracy, prospective clinical studies including 
a larger number of patients are needed to confirm detection 
efficiency of this techniques in clinical practice. SLNB is 
still the standard method for axillary lymph node staging 
in early-stage breast cancer with clinical negative axilla.

Final paraffin section (FPS) are the recommended gold 
standard for SLNB.7 However, a second surgery for 
ALND may be needed in patients with positive SLNs. 
Intraoperative frozen section (FS) is an effective alterna-
tive method for SLNB,8 which can reduce the risks asso-
ciated with secondary surgery. When SLNs metastasis is 
detected via FS, ALND can be performed immediately 
during the operation.9 Therefore, FS is a routine procedure 
in most institutions.

However, the results of some large randomized con-
trolled clinical trials changed the standard approach to 
axillary surgery. The American College of Surgeons 
Oncology Group (ACOSOG) Z0011 study results showing 
that patients with one or two metastatic SLNs who are 
treated with breast-conserving surgery, whole breast irra-
diation, and adjuvant systemic treatment can be spared 
ALND.10 The International Breast Cancer Study Group 
(IBCSG) 23–01 study indicated that ALND should be 
avoided when only micrometastasis is observed in the 
SLN.11 The AMAROS study reported no additional benefit 
from ALND when compared to axillary radiotherapy in 
disease-free survival (DFS) (86.9% in the ALND group vs 
82.7% in the radiotherapy group, P = 0.18) for patients 
with positive SLNs.12 The 15th St. Gallen International 
Breast Cancer Conference in 2017 recommended that 
patient with one or two metastatic SLNs and meet the 
enrollment criteria of the Z0011 study should not undergo 
ALND. ALND can be replaced with axillary radiotherapy 
in patients who had had mastectomy and one to two 
metastatic SLNs.13

However, because of the high false negative rate (FNR) 
in FS reportedly ranging from 6.7% to 43%,14–17 the 
accuracy of the number of metastatic SLNs has been 
controversial. There are no clinical guidelines recommend-
ing that ALND should be avoided in patients with positive 
SLNs detected via FS. Therefore, ALND is performed in 
one operation when positive SLNs are detected via FS, 

which may inevitably lead to adverse reactions, such as 
lymphedema, upper extremity sensory and motor deficits, 
and alteration in shoulder mobility.

The present study evaluated the accuracy of intraopera-
tive FS and explored whether ALND can be avoided in 
patients with one to two metastatic SLNs detected via FS 
by comparing the difference in SLN status between FS and 
FPS results.

Patients and Methods
Patient Selection
Patients with breast cancer who underwent breast- 
conserving surgeries or mastectomies with SLNB at 
Zhejiang Cancer Hospital were retrospectively selected 
between January 2015 and December 2019. The inclusion 
criteria were as follows: 1) adult women with invasive 
breast cancer confirmed by histology; 2) tumor size 
≤5 cm (cT1-2) and clinically negative axilla (cN0); 
and 3) patient did not receive any anti-tumor therapy 
before surgery. Collected data included age, tumor size, 
histological type, histological grade, hormone receptor 
status, HER2 status, Ki67 status, positive number of 
SLNs, and SLNB and ALND status.

Evaluation of SLN and ALND Strategy
SLNB was performed using a dye-guided method with or 
without radio-guided methods. Technetium-99m sulfur 
colloid (Xinkesida Pharmaceutical Technology Co., Ltd, 
Beijing, China) was injected subcutaneously at 1–3 sites 
either intradermally above the tumor or peritumorally 
one day before surgery. A total of 1–2 mL of methylene 
blue were injected in the same manner 10 min before 
surgery. Blue-stained and radioactive lymph nodes were 
considered to be SLNs.

SLNs were examined via FS during the operation. 
Each node was sliced into 5-μm-thick FS (3–6 levels) 
and interpreted by cytopathologists immediately after 
hematoxylin and eosin (H&E) staining. The FS results 
were then used as a basis for surgeons to determine the 
need for ALND. FS and remaining unfrozen tissue sam-
ples were fixed in formalin and embedded in paraffin that 
was then cut into 4 μm-thick serial sections at 250μm 
intervals. Serial sections were stained with H&E and 
used for a final pathological examination as permanent 
sections. Immunohistochemistry (IHC) analysis for cyto-
keratin was performed when suspicious metastases were 
observed in H&E staining.
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Metastases were classified as either micrometastases 
(0.2–2 mm) or macrometastases (>2 mm) according to 
the 7th edition of the American Joint Committee on 
Cancer (AJCC) staging manual.18 Isolated tumor cells 
(ITCs), which were defined as tumor foci measuring up 
to 0.2 mm, were regarded as a positive node. Patients with 
positive SLNs detected by FS underwent an ALND of 
level I, II, or higher in the same operative setting.

Histopathological Characteristics
A cut-off value of ≥1% for positively stained nuclei was 
used as the definition of ER- and progesterone receptor 
(PR)-positive disease.19 HER2 positivity was defined as 
a score of 3+ by IHC or as positive on fluorescence in situ 
hybridization (FISH).20 The histologic grade was deter-
mined according to the Scarff-Bloom-Richardson grading 
system.21 Ki67 was scored as the percentage of positive 
tumor cell nuclei by counting 500 cells.22 The Ki67 cut-off 
level for the classification was defined as 20%.23

Data and Statistical Analysis
The FPS results were used as the standard to calculate 
FNR, false positive rate (FPR), sensitivity, and accuracy of 
intraoperative FS for SLN. The biopsies were classified as 
false positive (FS+/FPS−), false negative (FS−/FPS+), true 
positive (FS+/FPS+) and true negative (FS−/FPS−). FNR 
for FS was defined as (false negative)/(true positive+false 
negative). FPR was defined as (false positive)/(true nega-
tive+false positive). Sensitivity was defined as (true posi-
tive)/(true positive+false negative). Accuracy was defined 
as (true positive+true negative)/all cases.

Logistic regression models were fitted to estimate the 
OR to assess the effect of the size of SLNs metastases on 
FNR and sensitivity. Chi-Square test (and Fisher’s exact 
test, if necessary) was employed to compare the difference 
of clinicopathological characteristics between SLNs 
metastasis coincidence group and non-coincidence group. 
A 2-tailed p value <0.05 was considered statistically sig-
nificant. All analyses were performed using SPSS 22 ver-
sion (IBM Corporation, Armonk, NY, USA)

Results
Patient Characteristics
A total of 3303 cases meeting the inclusion criteria were 
enrolled in the study. Patient clinicopathological character-
istics are presented in Table 1. The average patient age at 
the time of diagnosis was 51.57 years old (standard 

deviation, 10.89). The mean number of SLNs was 3.55 
(standard deviation, 2.56). Invasive ductal carcinoma was 
the predominant histological type (90.49%). The tumor 
histological grades were as follows: 176 (5.33%) were 
grade I, 1710 (51.77%) were grade II, 850 (25.73%) 
were grade III, and the remaining 567 (17.17%) were 
unclear. The main pathological tumor stage was T1 
(64.54%), of which T1c (42.29%) accounted for the largest 
proportion. More than half of all cases were hormone 
receptor-positive (71.48%) and HER2-negative (70.03%). 
Ki67 show a high expression in 2040 (61.76%) patients.

Diagnostic Performance of FS for SLNs
Positive SLNs were found in 810 (24.52%) FPS speci-
mens. FS was positive in 622 and negative in 188 speci-
mens. FNR was 23.21% (Table 2). Of the 2493 cases with 
negative SLNs in FPS, eight cases showed metastasis in 
FS. FPR was 0.32%. In addition, FS sensitivity was 
76.79% (622 of 810 cases) and accuracy was 94.07% 
(3107 of 3303 cases) in this study.

The FNRs for FS detection of macrometastasis, micro-
metastasis, and ITCs were 12.09%, 62.28%, and 76.47%, 
respectively, while sensitivity values were 87.91%, 
37.72%, and 23.53%, respectively. The smaller the SLN 
metastases, the higher the odds of a false negative diag-
nosis (p<0.001, Table 3).

Comparison of SLN Metastasis Number 
Between FS and FPS
Of the 3303 cases, the number of metastatic SLNs in FS 
examinations were reported in 420 cases (Table 4). A total 
of 363 cases with SLNs macrometastasis were found in 
FS, of which 330 cases had one to two metastases, and 33 
cases had more than two metastases. Among the 330 cases 
with one or two macrometastatic SLNs, 30 cases were 
diagnosed with more than two macrometastases, 9 cases 
were micrometastatic, and 1 case was ITCs in FPS. One of 
the 33 cases with more than two macrometastatic SLNs in 
FS was diagnosed with one or two macrometastases in 
FPS. A total of 57 of 430 cases were diagnosed with 
micrometastases and ITCs via FS, 43 cases were micro-
metastatic, 14 cases had ITCs, and the number of positive 
SLNs was all less than or equal to two. After classifying 
the number of positive SLNs with ≤2 and >2, the positive 
number of SLNs detected via FS in 31 cases changed in 
FPS results, while 389 cases did not change. The accuracy 
rate was 92.62%. Further comparison of 
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clinicopathological characteristics between SLNs metasta-
sis coincidence group and non-coincidence group showed 
that HER2 (p<0.03) and Ki67 (p<0.02) were significant 
factors affecting the accuracy rate (Table 5).

Non-SLN Metastasis Rate
The rate of non-SLN metastasis was also evaluated in 
patients with different numbers of positive SLNs in FS 
(Table 6). The positive rate of non-SLN in patients with 
macrometastasis was 33.88%, of which patients with 1–2 
and >2 macrometastatic SLNs via FS accounted for 
30.61% and 66.67%, respectively. The positive rate of 
non-SLN in patients with micrometastasis and ITCs was 
9.30% and 7.14%, respectively. Only 1 of 14 patients 

diagnosed with ITCs by FS had additional metastasis in 
lymph nodes removed via ALND.

Discussion
Intraoperative FS allows patients with positive SLNs to 
undergo ALND in the same operative setting. However, 
results from some large clinical studies, such as ACOSOG 
Z0011, AMAROS, and IBCSG 23–01, had changed the 
treatment strategy for patients with positive SLNs and 
called into question the need for intraoperative FS of 
SLNs. How to avoid unnecessary ALND while retaining 
the advantages of FS is still worth exploring. There are 
currently no clinical studies evaluating whether patients 
with positive SLNs detected by FS can avoid ALND 
during surgery. Therefore, the present retrospective study 
was designed to further explore the guiding significance of 
the number of positive SLNs detected by FS for surgeons 
in the management of axillary lymph nodes during surgery.

Compared with the Z0011 study, the proportion of 
tumor stage in this study was similar to that of the 
Z0011 study, while the proportion of histological grade 
I and mean age was lower, and the proportion of invasive 
ductal carcinoma was higher, which may be related to 
ethnic differences. The average number of SLNs removed 
in this study was 3.55±2.56, which was higher than that 
reported in previous studies.24 This is because the SLNB 
was performed using a dye-guided method with radio- 
guided methods in most of patients in our institution.25 

The hormone receptor status and HER2 status in this study 
were similar to those reported in previous studie.26

Table 1 Clinicopathological Characteristics of Patients

Characteristics (n = 3303)

Ages, years 51.57 ± 10.89

Mean numbers of SLNs 3.55 ± 2.56

Histologic type, no. (%)
Invasive ductal 2989 (90.49)
Invasive lobular 77 (2.33)

Other 237 (7.18)

Histologic grade, no. (%)
I 176 (5.33)

II 1710 (51.77)
III 850 (25.73)

Missing 567 (17.17)

Pathological tumor (T) stage, no. (%)
T1a (>1 mm, ≤5 mm) 332 (10.05)

T1b (>5 mm, ≤10 mm) 403 (12.20)
T1c (>10 mm, ≤20 mm) 1397 (42.29)

T2 (>20 mm, ≤50 mm) 1171 (35.45)

HR status, no. (%)
Negative 898 (27.19)

Positive 2361 (71.48)
Missing 44 (1.33)

HER2 status, no. (%)
Negative 2313 (70.03)

Positive 856 (25.92)

Missing 134 (4.06)

Ki67 status, no. (%)
Low expression 1263 (38.24)
High expression 2040 (61.76)

Abbreviations: SLNs, Sentinel lymph nodes; HR, hormone receptor; HER2, 
Human epidermal growth factor receptor 2.

Table 2 Accuracy of SLNs Detection via Frozen Section

Frozen Section Final Paraffin Section Total

Negative Positive

Negative 2485 188 2673

Positive 8 622 630

Total 2493 810 3303

False negative rate, % 23.21

False positive rate, % 0.32

Sensitivity, % 76.79

Accuracy, % 94.07

Abbreviation: SLNs, sentinel lymph nodes.
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In this study, total sensitivity and FNR values for FS 
were 76.79% and 23.21%, respectively. Further analysis 
showed that the size of SLN metastasis was the key factor 
affecting false negative outcomes and FS sensitivity 
(p<0.001, Table 3). FS sensitivity values for SLN macro-
metastasis, micrometastasis, and ITCs were 87.91%, 
37.72%, and 23.53%, respectively. FNRs were 12.09%, 
62.28%, and 76.47%, respectively. This is consistent with 
results from previous studies.15,27–29

In this study, 420 cases of FS recorded the number of 
SLN metastases, which have not been routinely recorded 
in FS reports (Table 4). In patients with 1–2 positive SLNs 
detected by FS, 92.25% (357 of 387) of patients had no 
more than two positive SLNs in FPS. According to Z0011 
and AMAROS trial results, ALND can be avoided or 
replaced by axillary radiotherapy in these patients.10,12 

Only 9.09% (30 of 330) of cases with 1–2 SLN macro-
metastases were confirmed to have more than two positive 
SLNs in FPS. In all patients with SLN micrometastasis 
and ITCs detected by FS, the number of SLNs metastasis 
was ≤2 in FPS. Furthermore, one patient with more than 
two macrometastatic SLNs in FS was confirmed to have 
only two metastatic SLNs in FPS. After re-examination by 
a pathologist, an enlarged lymph node was cut into two 

parts by a surgeon during the operation, resulting in an 
increase in the number of positive SLNs in FS.

After classifying the number of positive SLNs with ≤2 
and >2, the results of FS and FPS were not consistent in 31 
patients. We further analyzed the clinicopathological char-
acteristics of these 31 patients and found that HER2 status 
(p<0.03) and Ki67 (p<0.02) were significant factors affect-
ing the accuracy rate of the number of positive SLNs 
(Table 5). Fanizzi et al23 found that the prognostic factors 
HER2 and Ki67 can help to improve the predictive per-
formance of the CancerMath (CM) model for SLN posi-
tive. These results suggest that the HER2 positive and the 
high expression of Ki67 may be associated with SLN 
metastasis. It seems to be a good research spot to establish 
a prediction model based on the number of SLNs detected 
via FS and combined with HER2 and ki67 to predict the 
number of SLN metastasis in FPS.

In recent years, some researchers have called into 
question the need for intraoperative SLNB assessment. 
Bishop et al suggested that patients who meet the Z0011 
clinical criteria had a low probability of finding more 
than two positive SLNs with at least one macrometas-
tasis during final pathology.30 Intraoperative FS for SLN 
should not be routinely performed for all breast cancer 

Table 3 FNR and Sensitivity of Frozen Sections in SLNs by Size of SLNs Metastases (n = 810)

List True Positive False Negtive Total Sensitive Rate, % FNR, % OR, % (95% CI) P value

Macrometastasis 567 78 645 87.91 12.09 1 <0.001
Micrometastasis 43 71 114 37.72 62.28 12.00 (7.68 to 18.76)

Isolated tumor cells 12 39 51 23.53 76.47 23.63 (11.86 to 47.05)

Total 622 188 810 76.79 23.21 – –

Abbreviations: FNR, False negative rate; SLNs, sentinel lymph nodes.

Table 4 Comparison of SLNs Number Between Frozen Section and Final Paraffin Section (n = 420)

Frozen Section Final Paraffin Section

Negative Macrometastasis Micrometastasis Isolated Tumor Cells Total

1 to 2 Positive >2 Positive

Macrometastasis 0 (0.00%) 291 (80.17%) 62 (17.08%) 9 (2.48%) 1 (0.28%) 363 (100%)

1 to 2 positive 0 (0.00%) 290 (87.88%) 30 (9.09%) 9 (2.72%) 1 (0.30%) 330 (100%)

>2 positive 0 (0.00%) 1 (3.03%) 32 (96.97%) 0 (0.00%) 0 (0.00%) 33 (100%)

Micrometastasis 3 (6.98%) 15 (34.88%) 0 (0.00%) 21 (48.84%) 4 (9.30%) 43 (100%)

Isolated tumor cells 3 (21.43%) 3 (21.43%) 0 (0.00%) 2 (14.29%) 6 (42.86%) 14 (100%)

Abbreviation: SLNs, sentinel lymph nodes.
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patients.31,32 However, omitting intraoperative FS will 
increase the number of subsequent operations for 
ALND.31 In the present study, patients with more than 
two positive SLNs identified via FS can undergo ALND 

during the same surgical procedure, which reduces 
the second operation rate by 7.62% (32 of 420). 
However, if the FS is omitted, 14.76% (62 of 420) of 
patients with more than two macrometastatic SLNs 

Table 5 Comparison of Clinicopathological Characteristics Between SLNs Metastasis Coincidence Group and Non-Coincidence 
Group

Characteristics Non-Coincidence Group (n=31) Coincidence Group (n=389) P value

Ages, years 52.57 ± 10.76 49.91±10.18 0.30

Histologic type 0.56
Invasive ductal 30 362

Invasive lobular 1 13
Other 0 14

Histologic grade 0.35
I 1 16

II 21 237
III 9 100

Missing 0 36

Pathological tumor (T) stage 0.77
T1a (>1 mm, ≤5 mm) 0 6

T1b (>5 mm, ≤10 mm) 1 25
T1c (>10 mm, ≤20 mm) 15 168

T2 (>20 mm, ≤50 mm) 15 190

HR status 0.64
HR negative 5 76
HR positive 26 313

HER2 status 0.03
HER2 negative 16 285

HER2 positive 14 91

Missing 1 13

Ki67 status 0.02
Low expression 5 144

High expression 26 245

Abbreviations: SLNs, Sentinel lymph nodes; HR, hormone receptor; HER2, Human epidermal growth factor receptor 2.

Table 6 Rate of Non-Sentinel Lymph Node Metastasis in Different Sizes and Numbers of Metastatic SLNs (n= 420)

Frozen Section Non-Sentinel Lymph Node Total

Negative Positive Without ALND

Macrometastasis 238 (65.56%) 123 (33.88%) 2 (0.55%) 363 (100%)

1 to 2 positive 227 (68.79%) 101 (30.61%) 2 (0.61%) 330 (100%)

>2 positive 11 (33.33%) 22 (66.67%) 0 (0.00%) 33 (100%)

Micrometastasis 30 (69.77%) 4 (9.30%) 9 (20.93%) 43 (100%)

Isolated tumor cells 5 (35.71%) 1 (7.14%) 8 (57.14%) 14 (100%)

Abbreviations: ALND, axillary lymph node dissection; SLNs, sentinel lymph nodes.
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identified during final pathology need a second 
operation.

In addition, non-SLN metastasis status for different 
SLN metastasis numbers and sizes detected via FS were 
explored (Table 6). The total rate of non-SLN metastasis in 
patients with positive SLNs detected via FS was 30.48% 
(128 of 420), which was lower than the 33% reported by 
the AMAROS study (positive SLN defined as macrome-
tastasis, micrometastasis, and ITCs). This can be explained 
by the fact that SLNs with only ITCs were no longer 
regarded as SLNs-positive in the AMAROS study after 
a protocol amendment.12 Excluding patients with more 
than two positive SLNs, the non-SLN metastasis rate in 
the remaining patients was 27.39% (106 of 387), which 
was similar to the 27.3% reported in the ACOSOG Z0011 
study (positive SLN defined as macrometastasis, micro-
metastasis, and ITCs).10 The total non-SLN metastasis rate 
in patients with SLN micrometastasis and ITCs detected 
by FS was 8.77% (5 of 57), which was lower than the 13% 
reported in the IBCSG 23–01 study (positive SLN defined 
as micrometastasis and ITCs).11 The non-SLN metastasis 
rate in patients with positive SLNs in FS in this study was 
similar to that reported in previous studies. This result 
further confirmed the feasibility of avoiding ALND in 
patients with one or two SLNs containing metastases 
identified by FS. Remarkably, in patients with more than 
two positive SLNs in FS, the rate of non-SLN metastasis 
was as high as 66.67% (22 of 33). For these patients, 
ALND should be performed immediately during the 
operation.

In conclusion, these findings indicate that FS is a safe 
and effective method for SLNB. More than half of the 
false negative cases are due to micrometastasis and ITCs 
and a second operation for ALND is not necessary. The 
accuracy rate of the number of positive SLNs detected via 
FS was 92.62%. ALND can be avoided or replaced by 
axillary radiotherapy in patients with one or two positive 
SLNs detected via FS during the operation.
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