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Purpose: Clinical application of the ACOSOG Z0011 trial results allows clinically node-negative breast cancer patients who meet 
criteria to avoid axillary dissection even when 1–2 sentinel lymph nodes (SLNs) are positive for metastatic disease. Intraoperative 
frozen section (iFS) analyses of SLNs were thought to reduce re-operation rates despite variable reported sensitivity and possibility of 
a false negative result. This study evaluated the rate of re-operations prevented by SLN iFS in a tertiary care hospital in Bangkok, 
Thailand, over a 6-year time-frame.
Patients and Methods: From April 2016 to April 2022, 1284 sentinel lymph node biopsy (SLNB) procedures were performed. Of 
these, 214 cases were breast-conserving surgery in accordance with the ACOSOG criteria with concomitant usage of iFS. 
Clinicopathological features of these cases were collected and analyzed. Re-operation rates prevented by the additional intervention 
were reported.
Results: Only five additional operations were prevented with the usage of 214 iFS. The discordance rate between frozen and 
permanent sections in terms of presence of metastatic disease and number of total lymph nodes was around 15%. Tumor staging, node 
staging, Nottingham histologic grading and lymphovascular invasion are significant predictors of SLN metastasis.
Conclusion: iFS results in a very low prevention rate for follow-up ALND in patients with preoperative clinically negative axillary 
nodes and is associated with a non-negligible discordance rate with permanent sections. Our study suggests iFS may be avoided in 
most cases of early-stage clinically and radiographically node-negative breast cancer patients. Doing so may reduce surgical costs and 
total operative time without a significant impact on the overall quality of treatment and standard of care.
Keywords: breast cancer, sentinel lymph node biopsy, intraoperative frozen section analysis, ACOSOG Z0011

Introduction
Breast cancer is one of the leading causes of death in both developed and developing countries.1 Surgery is the main 
treatment method in early-stage invasive breast cancer.2 Treatment goals in early-stage breast cancer are tumor eradica-
tion and prevention of recurrence. Surgical therapy includes breast-conserving surgery with or without axillary lymph 
node dissection (ALND) and/or postoperative radiation as indicated.3 ALNDs have historically been a critical part in 
surgical breast cancer treatment.4 However, ALNDs were more likely to result in lymphedema compared to sentinel 
lymph node biopsy (SLNB), with no significant differences between the overall survival of both procedures.5 A historical 
switch from ALND to SLNB was implemented in the 1990s4. The ACOSOG Z0011 randomized controlled trial provided 
concrete evidence for the trend and demonstrated that the 10-year overall survival for breast cancer patients who had 
undergone SLNB was not inferior to those treated with ALND. Inclusion criteria for the Z0011 trial were breast cancer 
patients treated with breast-conserving therapy and adjuvant systemic therapy with clinical T1 or T2 node-negative 
disease (by palpation) and 1 or 2 sentinel lymph node (SLN) metastases.6,7 The International Breast Cancer Study Group 
23–01 (IBCSG 23–01) and After Mapping of the Axilla: Radiotherapy Or Surgery? (AMAROS) clinical trials had also 
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been performed to address the necessity of ALND.8,9 In response to the Z0011 trial, surgeons at MD Anderson, the 
United States of America, had significantly reduced ALND surgeries since 2012.10 As of 2017, SLNB has replaced 
ALND as the standard of care for those with a clinically negative axilla or N0 disease to reduce morbidity.11 It had also 
been proven that SLNB was more cost-effective than ALND.12

SLNB is based on the concept that if the SLN is negative for cancer, the other lymph nodes in that group will also 
be negative. Intraoperative SLNB was used to spare a second procedure, while permanent histopathology sections were 
used as a confirmatory assessment.13 However, frozen section (FS) detection rates are not ideal, and a meta-analysis 
has demonstrated that pooled sensitivity for FS was 0.86.14 Chao et al have shown that even when intraoperative SLNs 
were negative, results can be positive on permanent sections in over 8% of cases performed. Even with a non-100% 
detection rate and false-negative results, over 60% of the patients were spared a re-operation.15 Despite the evidence, 
a recent study questioned the need for SLN intraoperative frozen sections (iFS) for patients in whom additional ALND 
is unlikely to be performed according to the ACOSOG Z0011.16 A Korean study suggested that permanent section 
analyses alone without iFS can be performed in clinically node-negative patients.17 On the other hand, Cipolla et al 
concluded that the intraoperative procedure remained useful in preventing second axillary surgeries in patients with 
early breast cancer, however only 7.7% of the patients avoided a delayed ALND when the Z0011 criteria was 
applied.18

Surgeons at the King Chulalongkorn Memorial Hospital, a tertiary care university hospital in Bangkok, Thailand, 
implement ACOSOG Z0011 in their clinical practice. However, most surgeons still send iFS in breast-conserving 
surgeries. There is currently no research validating the benefit of the additional iFS analyses in Thailand. We suspect 
that very few patients satisfying ACOSOG criteria will turn out to have more than two positive nodes on final pathology 
and as such, aim to evaluate whether iFS confer additional diagnostic value or provide benefit in terms of change to 
treatment plan. Our secondary outcome was to analyze clinical and pathological factors that correlate with findings of 
positive SLNs.

Materials and Methods
A 6-year retrospective review of all SLNB operations conducted at King Chulalongkorn Memorial Hospital (KCMH) 
was performed. A total of 1284 SLNB operations were found from electronic-based and paper-based medical records 
from April 2016 to April 2022. Information on laterality of breast cancer, type of operation, tumor staging, Nottingham 
score grading, tumor histopathology and immunohistochemistry status were extracted from the medical records. Signed 
patient informed consent forms were not required in this study. This study was approved by the Institutional Review 
Board of Chulalongkorn University (IRB Number 555/64).

Inclusion and exclusion criteria were in accordance with the Z0011 trial. We included all breast cancer patients with 
clinical T1 or T2 disease and negative axillae by palpation on physical examination and radiological findings who then 
went on to have breast-conserving surgery. Patients who had received neoadjuvant chemotherapy and patients who had 
non-invasive breast cancer were excluded. A single patient who had bilateral SLNB satisfied our inclusion criteria and 
was classified as two separate cases. As demonstrated in Figure 1, there were in total 500 cases that were in accordance 
with our exclusion and inclusion criteria; 217 of these cases had an SLN iFS analysis, while the remainder relied on 
permanent section alone. Out of 217 cases that had iFS, 3 cases with missing data were excluded from our study. A final 
sum of 214 cases were statistically analyzed.

We evaluated cases that benefit from iFS in terms of re-operations prevented. We define treatment plan changes or 
reduction of re-operations as detection of more than two positive SLNs on final pathology, since according to ACOSOG, 
no additional ALND is indicated for patients with 0, 1 or 2 positive lymph nodes. We also performed data analysis to find 
predictive factors correlating with finding positive SLNs on final pathology. Tumor staging, Nottingham score grading 
and tumor histopathology results were based on the final report confirmed by pathologists at KCMH. Data were compiled 
using Microsoft Excel 2021 version 16.48 and analyzed using IBM SPSS Statistics Version 28.0. Categorical data were 
described as numbers and percentages. Age was classified into three groups and analyzed as a categorical variable. Chi- 
square and Fisher's exact test were used to compare categorical variables’ significance in influencing the final 
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pathological SLN status. Statistical significance was defined as p-value <0.05. Sensitivity and specificity of finding 
positive nodes on iFS compared to those of permanent section were also reported.

Radiological findings were based on mammography and ultrasonography, which was performed on all patients. Our 
study utilized both single-agent mapping tracer (isosulfan blue dye) and dual tracer technique (isosulfan blue dye and 
radioisotope) for SLN detection; however, the majority of SLNs in this study were detected using a single tracer 
technique, which is the current standard of care in our center and across Thailand.19,20 The tracers were injected into 
breast skin or parenchymal tissue prior to the operation, although the selection of tracer technique was dependent on the 
operating surgeon. Hematoxylin and eosin were used as the main pathological staining method in this study.

Results
From April 2016 to April 2022, 500 cases out of 1284 SLNB operations satisfied both the inclusion and exclusion 
criteria. Additional categorizations were made based on the usage of the adjunctive iFS; 217 patients (43.40%) had both 
FS and permanent sections performed, while just over 55% had permanent sections alone. Data were incomplete in three 
cases, which were excluded from our study. A final 214 cases were analyzed in our research, which was performed by 13 
surgeons at a single institution.

Analysis of those 214 cases revealed a patient age range from 26 to 90 years with a mean age of 56.7 years. 
Participants were then stratified by age group, with an interval of 10 years, from 21–30 to 81–90 years old. The 51–60- 
year-old age bracket had the greatest number of patients at 58 patients (27.10%), which was followed by 61–70-year-old 
category with 55 patients. The 21–30-year-old bracket held the least number of patients with two patients, corresponding 
to just less than 1% of the total participants.

Histopathologic results from SLN iFS and permanent sections were analyzed. The majority of FS results found no 
lymph node metastasis (174 out of 214 cases, corresponding to 81.31%). Discordance between the total number of lymph 
nodes detected by frozen and permanent sections was identified. The permanent sections had higher total detected lymph 
nodes than iFS in 32 cases (14.95%), with differences of up to 4 nodes as demonstrated in Table 1. Of the 38 cases with 
nodal disease on iFS, 19 (50%) of the total cases had a single positive node. Fourteen cases (36.84%) had two metastatic 
nodes on iFS, while only five patients with more than two positive nodes (13.16%) had indications for further ALND in 
accordance with the ACOSOG classification as shown in Table 2. Out of the five ALNDs performed, four ALNDs found 
additional metastatic nodes. There was a discrepancy between metastatic nodes detected by frozen and permanent 
sections in seven cases. Out of those seven cases, six were false-negative results with one false-positive iFS. Four out 

Figure 1 Patient selection flowchart. 
Abbreviations: SLNB, sentinel lymph node biopsy; KCMH, King Chulalongkorn Memorial Hospital.
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of the six false-negative cases revealed one under-detected metastatic node on final pathology compared to the 
intraoperative analysis, while the latter two cases showed a discordance of two and three metastatic nodes respectively. 
Significantly, one case had two positive nodes on iFS and three positive nodes on permanent section. This patient 
required a follow-up ALND even though iFS was performed. As for the single false-positive iFS, the number of 
metastatic nodes found on the frozen and permanent sections were 2 and 1, respectively. In 5 patients, each with one 
or two positive SLNs, ALNDs were performed even without ACOSOG indication due to surgeon judgement. No 
additional metastatic nodes were found in three cases, while one and two metastatic nodes were found in each of the 
remaining two cases, respectively. Sensitivity and specificity of iFS for positive SLNs compared to the permanent section 
gold-standard were 95% and 100%, respectively.

As shown in Table 3, 113 operations (52.80%) were performed on the left breast; the remaining 101 procedures were 
performed on the right side. One hundred and ninety-nine SLNBs cases (92.99%) were performed concurrently with 
a wide excision, while SLNB was performed after wide excision in 15 cases. Tumor status and nodal status were 
a statistically significant factor in predicting positive SLN status. Over 64% of the patients were reported as T1, while 75 
patients (35.05%) were classified as T2. Twenty-three cases out of 75 patients with T2 disease were found to have 
positive axillary nodes, while just over 10% of the patients with T1 disease were node positive. Most of our cases 
(84.11%) were found to be N0. Of 34 patients with either N1 and N2 disease, 33 patients had metastatic nodes on final 
pathological analysis while a mere 7 out of 180 N0 cases were ultimately confirmed as nodal positive. No patients were 

Table 1 Concordance/Discordance Rates of 
Total Number of Lymph Nodes Detected 
Between iFS and Permanent Sections

Number (%)

Concordance 182 (85.05)

Discordance of 1 node 22 (10.28)

Discordance of 2 nodes 7 (3.27)

Discordance of 3 nodes 2 (0.93)

Discordance of 4 nodes 1 (0.47)

Total 214

Abbreviation: iFS, intraoperative frozen section.

Table 2 Number of Positive SLNs by Number of Nodes Detected 
on iFS Vs Permanent Section

Number of Metastatic  
Nodes Detected

Frozen Group Permanent Group

0 2 0

1 19 20

2 14 14

3 3 3

4 2 1

5 0 1

7 0 1

Total 40 40

Abbreviations: SLN, sentinel lymph node; iFS, intraoperative frozen section.
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Table 3 Evaluation of Clinical and Pathological Factors Predicting Positive Sentinel Lymph Node Status in Early-Stage Breast Cancer 
Patients

Characteristics No. with Positive SLNs (%) No. with Negative SLNs (%) Total Cases P-value

Age, years

≤40 3 (15.79) 16 (84.21) 19 0.806

41–69 31 (19.75) 126 (80.25) 157

≥70 6 (15.79) 32 (84.21) 38

Operation

WE with SLNB 38 (19.10) 161 (80.90) 199 0.443

SLNB after WE 2 (13.33) 13 (86.67) 15

Laterality

Right 15 (14.85) 86 (85.15) 101 0.173

Left 25 (22.12) 88 (77.88) 113

Tumor Staging

T1 17 (12.23) 122 (87.77) 139 0.001

T2 23 (30.67) 52 (69.33) 75

Node Staging

N0 7 (3.89) 173 (96.11) 180 <0.001

N1 31 (96.88) 1 (3.13) 32

N2 2 (100.00) 0 (0.00) 2

Nottingham Histologic Grading

1 3 (5.66) 50 (94.34) 53 0.006

2 29 (26.13) 82 (73.87) 111

3 8 (16.00) 42 (84.00) 50

Tumor Type

Invasive ductal carcinoma NOS 38 (20.77) 145 (79.23) 183 0.736

Invasive lobular carcinoma NOS 2 (12.50) 14 (87.50) 16

Mucinous adenocarcinoma 0 (0.00) 6 (100.00) 6

Intraductal carcinoma, non-infiltrating, NOS 0 (0.00) 2 (100.00) 2

Invasive micropapillary carcinoma of breast 0 (0.00) 4 (100.00) 4

Adenoid cystic carcinoma 0 (0.00) 1 (100.00) 1

Metaplastic carcinoma NOS 0 (0.00) 1 (100.00) 1

Tubular carcinoma 0 (0.00) 1 (100.00) 1

Lymphovascular Invasion

(Continued)
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found with distant metastasis. Nottingham histologic grading was a significant factor in predicting positive lymph node 
status. More than half of our cases were Nottingham histologic grade 2. Twenty-nine out of 111 cases (26.13%) with 
histologic grade 2 disease also had a positive lymph node status, while the figures were 5.66% and 16% for grade 1 and 
grade 3 disease, respectively.

Histopathologically, invasive ductal carcinoma and invasive lobular carcinoma account for over 90% of the total 
cases. One hundred eighty-three tumor pathological results (85.51%) were found to be of invasive ductal carcinoma in 
origin, while 16 cases (7.48%) were invasive lobular carcinoma. Twenty-five out of 51 patients with positive lympho-
vascular invasion also had metastatic nodal disease. As for patients without lymphovascular invasion, 15 patients out of 
162 cases revealed positive nodes on the final pathological analysis. Lymphovascular invasion was a statistically 
significant factor in predicting metastatic lymph nodes status (p-value <0.001). None of the immunohistochemistry 
status: estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2), 
correlated with a positive nodal status. Most of the patients’ immunohistochemistry results in this study were ER 
positive, PR positive and HER2 negative.

Discussion
The ACOSOG Z0011 trial revolutionized surgical treatment of breast cancer allowing for a less radical intervention. The 
trial concluded that for patients that fulfilled its criteria, the 10-year overall survival for patients treated with SLNB was 
not inferior to those who were treated with ALND.6,7 In the post-Z0011 era, ALND operations have decreased as 
demonstrated by various studies in the United States, Ireland and Italy.10,21,22 With reduction of ALNDs in early-stage 
breast cancer patients, lymphedema as a complication from ALND can also be mostly avoided.23,24 The IBCSG 23–01 
and AMAROS trials recommended alternatives to conventional ALND. The IBCSG trial demonstrated no difference 
between disease-free survival in the ALND and non-ALND groups for patients with micrometastases and tumors ≤5 
centimeters.8 Moreover, the AMAROS trial found that for early breast cancer patients, axillary radiotherapy may be 

Table 3 (Continued). 

Characteristics No. with Positive SLNs (%) No. with Negative SLNs (%) Total Cases P-value

Yes 25 (49.02) 26 (50.98) 51 <0.001

No 15 (9.26) 147 (90.74) 162

Equivocal 0 (0.00) 1 (100.00) 1

Estrogen Receptor (ER)

Positive 37 (21.14) 138 (78.86) 175 0.051

Negative 3 (7.69) 36 (92.31) 39

Progesterone Receptor (PR)

Positive 32 (20.51) 124 (79.49) 156 0.262

Negative 8 (13.79) 50 (86.21) 58

Human Epidermal Growth  

Factor Receptor 2 (HER2)

Positive 4 (11.11) 32 (88.89) 36 0.428

Negative 31 (20.53) 120 (79.47) 151

Equivocal 5 (18.52) 22 (81.48) 27

Total 40 174 214

Abbreviations: WE, wide excision; SLNB, sentinel lymph node biopsy; NOS, no special type.
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a comparable alternative to ALND, without the complications associated with ALND.9 As evident from all three studies, 
ALND was replaced as a standard of care by newer treatment options. SLNB has been incorporated into the current 
standard of care for early breast cancer patients since 2015.25

As the global trend is shifting towards SLNB, SLNB technique must be revised in order to maintain the quality of 
care and maximize cost-effectiveness. Additional iFS analyses were utilized with a main goal of eliminating a second 
surgical procedure. In the early 2000s, without implementation of the ACOSOG trial, studies have shown that frozen 
sections were highly accurate and served as a useful predictor in preventing ALND.26,27 With ACOSOG implemented 
as a current standard of care, the benefits and the indications for using this additional procedure must be reviewed.

A study summarized that a mere six re-operations were avoided from the utilization of 132 additional procedures and 
concluded that permanent section alone may be sufficient in clinically node-negative patients.17 Treeratanapan et al also 
confirmed that out of 239 patients with permanent section alone, no patients were indicated for re-operation. Additional 
iFS would not alter any standard of care in patients who fulfill the ACOSOG classification.28 An Iranian study reinforced 
that low tumor burdens were detected from FS in early-stage breast cancer patients.29

From a total of 214 cases analyzed in this 6-year retrospective review, 5 cases were found with more than two 
metastatic nodes which was an indication for further ALND in accordance with the Z0011 trial. Five patients (2.34%) 
directly benefited from avoidance of a re-operation out of 214 SLNBs and iFS performed. Four out of five patients 
indicated for additional ALND had additional metastatic nodes. Otherwise stated, 82% of the patients with early-stage 
breast cancer and clinically negative axillae did not benefit from iFS as evidenced by zero metastatic nodes detected.

Additionally, FS have variable reported sensitivity. According to a meta-analysis, FS sensitivity ranged from 66.7% to 
95.8%. Pooled sensitivity was 0.86 and pooled specificity was 0.96.14 Additionally, iFS is known to have a wide range of 
false-negative rates from 5.5% to 43% across numerous studies, due to a protocol variation.15,30–32 False-negative rates 
are critical as each false-negative case causes an additional patient to undergo a second operation even with though iFS 
was used, defeating this extra intervention’s sole purpose. Our study found a discordance of total lymph node numbers 
detected by iFS and the permanent section of around 15%. If the nodes detected exclusively on the permanent section 
turned out to be positive, the following error may contribute to a false-negative result. We also found seven instances of 
unequal numbers of metastatic nodes found on FS compared to permanent sections. Notably, a patient had two metastatic 
nodes on iFS analysis, while three nodes were positive on permanent section due to additional total nodes detected on the 
final analysis. This patient required a follow-up ALND even with the usage of iFS.

Cost-effectiveness of the additional intervention must also be brought into consideration. Current FS at King 
Chulalongkorn Memorial Hospital stands at approximately 37–191 USD. Our research found that a baseline cost of 
over 42,000 USD was needed to prevent 5 follow-up ALND operations, without considering additional surgery time and 
additional medical personnel cost. We encourage future research to explore the cost-effectiveness of FS analyses in 
clinically and radiographically lymph node-negative patients.

Intraoperative results may also create unnecessary hesitancy for general surgeons. Three different surgeons who 
performed five separate cases received a iFS result each with one or two metastatic nodes. All five cases did not have 
indications for additional surgery by the Z0011 trial; however, ALNDs were performed to ensure total tumor removal. 
No further metastatic nodes were detected from ALNDs in three cases. Without the usage of iFS, such extra 
interventions may have been avoided with reduction of hesitancy in surgeons who do not specialize in breast cancer 
surgery.

A study conducted at Memorial Sloan-Kettering Cancer Center (MSKCC) found that age, tumor size, tumor type, 
lymphovascular invasion, tumor location, multifocality, estrogen receptor and progesterone receptor status were asso-
ciated with sentinel lymph node metastasis.33 The MSKCC model has been validated throughout the world; it has proven 
to be more accurate in American and Australian studies with the area under the ROC curve ranging from 0.75 to 
0.86.34,35 On the other hand, it demonstrated a lower accuracy in the European population with a range of 0.53 to 
0.68.36,37 A Thai study concluded that tumor size, type and location, lymphovascular invasion, multifocality and 
progesterone receptor status were significant indicators for predicting nodal metastasis. Area under the ROC was 0.73, 
deemed an accurate tool in Thai patients.38 Our research supported these claims; we found that tumor staging, node 
staging, Nottingham histologic grading and lymphovascular invasion are significant predictors of SLN metastasis. 
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Limitations of our epidemiological interpretation include a limited number of patients found with positive lymph nodes. 
We encourage a multicenter nationwide validation of the MSKCC model in Asian populations.

This study suggests that only a few re-operations were prevented by the addition of SLN iFS and even with their 
utilization, a second operation may be needed regardless. Our study suggests iFS may be avoided in most cases of early- 
stage clinically and radiographically node-negative breast cancer patients; however, correlation with clinical and 
radiological findings is advised for each individual case. Doing so will increase the cost-effectiveness of breast cancer 
treatment as well as reduce the financial burden on patients without impacting the overall quality of treatment. Moreover, 
a reduction in the total operative time and secondary hospital costs is expected.17,39 In resource poorer settings that do not 
have the luxury of sending SLN iFS, we have routinely observed complete omission of SLNB in favor of routine ALND 
because iFS was unavailable. Based on our data, we recommend instead performing the SLNB for permanent section and 
omitting iFS in this setting for patients with early-stage cancer and clinically and radiographically negative nodes. Long- 
term re-operative rates and cancer recurrence between the two groups must be further explored.

Conclusion
This 6-year retrospective study conducted in Thailand found that sending iFS in early-stage breast cancer patients with 
clinically negative axillae had low yield in terms of changing treatment plan. Five re-operations were prevented from the 
usage of 214 extra iFS procedures. There was also a non-negligible discordance rate between iFS and final pathology 
results, sometimes resulting in a second operation even though iFS was initially negative. Our study suggests iFS may be 
avoided in most cases of early-stage clinically and radiographically node-negative breast cancer patients. Doing so may 
reduce surgical costs and total operative time without a significant impact on the overall quality of treatment and standard 
of care.
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