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detecting involved margins and lymph
nodes in breast cancer?
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Abstract

Background: Frozen section (FS) pathology has multiple limitations, and different institutions report variable
experiences with the use of FS for diagnosis of tumor involvement. We aimed to compare the FS accuracy with
that of permanent pathology (gold standard) regarding marginal involvement and lymph node status using data
from the largest breast cancer registry in Iran.

Methods: In this retrospective study, women who had both FS and permanent pathology reports were included.
The two pathology reports were cross compared with regard to the involvement of tumor margins and sentinel
lymph nodes.

Results: Overall, 2786 patients entered the study. Mean age of patients was 48.96±11.44 years. A total of 1742
margins were analyzed. Accordingly, sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) of FS pathology for detection of involvement of involved margins were 78.49%, 97.63%, 65.1%, and
98.7%, respectively. The accuracy and area under the curve (AUC) for FS pathology were 96.61% and 0.73 (95% CI:
0.64–0.831), respectively.
A total of 1702 sentinel lymph node biopsies were assessed. Sensitivity, specificity, PPV, and NPV, of FS pathology
for detection of lymph node involvement, were 87.1%, 98%, 95.5%, and 93.3%, respectively. Accuracy and AUC of FS
for diagnosis of involved lymph nodes were 94.1% and 0.926 (95% CI: 0.909–0.942), respectively.

Conclusion: Frozen pathology is a suitable method for identifying involved sentinel lymph nodes in patients with
breast cancer, but this method has a less than optimum efficacy for detecting and confirming marginal
involvement.
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Introduction
Breast cancer (BC) remains to be an important pub-
lic health issue in developed and developing coun-
tries due to its high prevalence. Moreover, incidence
of BC is rapidly increasing in developed countries,
posing multifaceted challenges to already resource-
limited countries [1]. According to global statistics
released by the official Global Cancer Observatory
(GCO)e in 2020, about 2,261,419 new cases of BC
were recorded, and 684,996 people died due to BC
[2].
Treatment of BC is determined by multiple factors.

Breast conserving surgery (BCS) combined with postop-
erative radiotherapy has become the gold standard treat-
ment for the majority of patients with early-stage BC,
offering equivalent survival and improved body image
and quality of life with regard to physical functioning,
emotional well-being, social functioning, pain, and gen-
eral health perceptions compared to patients receiving
mastectomy.
During BCS, surgeons may require urgent pathologic

information and will request an intra-operative consult-
ation on the excised tissue. These results will greatly in-
fluence the surgeon’s treatment decisions. The rapid
frozen section (FS) method is a means of intraoperative
pathological diagnosis, first introduced by Welchin in
1891 and developed as a diagnostic tool by Wilson in
1905 [3].
This method helps lower the rate of reoperations

[4] and also reduces the incidence of positive surgical
margins. However, the latter includes suboptimal tis-
sue preparation as a result of histological frozen
artifact, cautery artifact, and/or inadequate sampling,
any of which might result in an indeterminate or in-
accurate diagnosis. Although the diagnostic accuracy
of FS pathology is not perfect, it is also dependent on
the pathologist’s knowledge and experience [5]. Other
limitations of this method include prolonging the op-
eration time, high probability of false negatives in pa-
tients who have received new joint therapy, are not
reliable in specific BC subtypes such as invasive lobu-
lar cancer or ductal carcinoma in situ (DCIS), and
further add to the health care costs [6]. Moreover,
the clinical application of FS pathology and its limita-
tions is especially important to be evaluated, consider-
ing that the use of FS has been growing in many
regions of the world for BC [7].
Considering existing limitations with FS pathology and

variations in institutional experiences with regard to the
use of FS pathology as an assessment tool for evaluation
of tumor involvement, in this study, we aimed to com-
pare the accuracy of FS with that of permanent path-
ology (gold standard) on marginal involvement and
lymph node status.

Methods
Study setting and design
This retrospective study was conducted in the Shiraz
breast clinic, which is a BC referral center for central
and southern Iran. This study was conducted and in-
cluded patients from June 1997 up to November 2018
using data from the Shiraz Breast Cancer Registry
(SBCR) which includes data from 8000 plus patients
with BC [8]. The registry includes data on socioeco-
nomic status, baseline characteristics, patients’ clinical
history, physical examination, imaging, disease course,
and prognosis among individuals diagnosed with BC.
Women who had both FS and permanent pathology

reports of any age were included in this report. All pa-
tients had a previous pathological diagnosis. Considering
the goal of the study, all male BC patients were ex-
cluded. Furthermore, all patients with missing data on
frozen or permanent pathology were excluded from the
study.

Sentinel lymph node FS analysis
Tissue samples were sectioned at 2 mm intervals follow-
ing dissection from adipose tissue, after which the senti-
nel lymph node biopsy (SLNB) tissues were prepared for
FS evaluation. Tissue sections were entirely set and fro-
zen within optimal cutting tissue (OCT) and cut on a
standard cryoblast (− 20 °C). Any metastatic tumor > 0.2
mm, after considering at least 2 levels of tissue, was re-
ported to the surgeon. Following which, permanent sec-
tion (PS) evaluation was applied for all SLNB tissues as a
gold standard using the standard protocol.

Frozen section evaluation of margins
Frozen section evaluation of margins was done on all
quadrantectomy specimens. Orientation of specimens
was done using orienting sutures with the assistance of
the oncology surgeon. Margins were inked and speci-
mens were sectioned at 3–4 mm intervals, after which
the specimens were evaluated by an expert pathologist.
A positive margin was defined as an extension of the
tumor to the inked margin. Furthermore, a “close” mar-
gin was defined if DCIS and/or invasive carcinoma ex-
tended within 3 and 2mm of the margin. In challenging
cases when it was difficult to differentiate between atyp-
ical ductal hyperplasia (ADH) and DCIS, atypical ducts
extending to the margin were reported, and the operat-
ing surgeon was informed. Selected tissues for FS were
put on a cryoblast chunk with a little OCT media and
immersed in liquid nitrogen (− 196 °C), and after 10 to
15 s, the tissue was completely frozen. As it is difficult to
section fatty tissues, thicker sections (normal thickness
16–20 μm) were then cut on a standard cryoblast (−
20 °C). A minimum of 2 sections from each block was
set on plus slides, after which they were stained with the
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H&E technique and cover slipped and reviewed by the
pathologist. Additionally, further tissue sections were
evaluated by the FS method based on the findings of the
pathologist and histotechnologist [9].
Frozen and permanent pathology results of tumors

were compared with regard to marginal status and
lymph node. Moreover, data on baseline characteristics,
tumor size, type of breast surgery (quadrantectomy or
mastectomy), hormone receptor status, HER2 expression
status, pathology characteristics including tumor necro-
sis, in situ component, and nucleus grade were also
gathered from each patient.

Ethical consideration
This study was approved by the Institutional Review
Board of Shiraz University of Medical Sciences, Shiraz,
Iran. All patients gave their written and approved con-
sent for their data to be used for research purposes and
all study protocols were in coherence with the guidelines
stated in the declaration of Helsinki.

Statistical analysis
Data was analyzed using the Statistical Package for So-
cial Sciences (SPSS), software for Windows, version 26.
Chi-square test was used for comparison of qualitative

variables. The receiver operating characteristic (ROC)
curve was used to evaluate and to compare FS pathology
with the gold standard diagnostic modality (permanent
pathology), reporting its sensitivity, specificity, accuracy,
area under the curve (AUC), positive predictive value
(PPV), and negative predictive value (NPV).
A p value of less or equal to 0.05 was considered sta-

tistically significant.

Results
Overall, 2786 patients entered the study. The mean age
of patients was 48.96 ± 11.44 years. Majority of patients
underwent quadrantectomy 2390 (89%). Regarding
histopathology assessment, the majority of tumors were
grade 2 (59%) and 58.4% of the tumors had in situ com-
ponents in pathology evaluation.
Patients’ baseline and clinical characteristics are shown

in Table 1.

Margins
A total of 1742 margins were analyzed. Comparison of
the two diagnostic modalities showed that using frozen
pathology and permanent pathology assessment, 112
and 93 samples were positive for marginal involvement,
respectively. Accordingly, sensitivity, specificity, PPV,
and NPV of FS pathology for detection of marginal in-
volvement were 78.49%, 97.63%, 65.1%, and 98.7%, re-
spectively. The overall accuracy of FS pathology was

96.61%. Furthermore, the AUC of the ROC for FS path-
ology was 0.88 (95% CI: 0.83–0.93 (Fig. 1, Table 2).
Figure 2 shows a case of a misinterpreted frozen sec-

tion pathology with regard to marginal involvement.

Lymph node status
A total of 1702 sentinel lymph node biopsies were
assessed. Overall, 545 sentinel lymph nodes were shown
to be involved in FS pathology; whereas 600 involved
lymph nodes were detected using permanent pathology.
Accordingly, sensitivity, specificity, PPV, and NPV of FS
pathology for detection of lymph node involvement were
87.1%, 98%, 95.5%, and 93.3%, respectively. The accuracy
of FS for diagnosis of involved lymph nodes was 94.1%.
The AUC in the ROC was 0.926 (95% CI: 0.909–0.942)
(Fig. 1, Table 2).
Figure 3 shows a false negative reported frozen section

pathology for sentinel lymph node involvement due to
the small size of metastasis.

Discussion
In this study, we found that the FS pathology is a reliable
method in detecting involved lymph nodes, with high
sensitivity, specificity, and accuracy. Moreover, with re-
gard to detection of involved margins, this method has

Table 1 Baseline and clinical characteristics of patients

Variable Statistic

Age—years Mean ± SD 48.96 ± 11.44

Median (IQR) 48.00 (41, 57)

Tumor size—cm Mean ± SD 2.43 ± 1.13

Median (IQR) 2.20 (1.70, 3)

Involved breast side—no. (%) Right 1291 (48)

Left 1396 (52)

Tumor grade—no. (%) 1 413 (16.9)

2 1442 (59)

3 591 (24.2)

In-situ component—no. (%) Yes 1570 (58.4)

No 851 (31.7)

Unclear 6 (0.2)

Tumor necrosis—no. (%) Yes 1438 (53.5)

No 944 (35.1)

Unclear 6 (0.2)

Surface receptors—no. (%) ER positive 1972 (73.4)

PR positive 1836 (68.3)

HER2 positive 608 (22.6)

Triple negative 273 (10.1)

Nucleus grade—no. (%) 1 389 (14.5)

2 673 (25)

3 425 (15.8)
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high specificity and accuracy and a lower than optimum
sensitivity and PPV. To the best of the authors’ know-
ledge, very little data exists on the efficacy of FS path-
ology from Asia and especially the Middle East.
In a study by Lai et al. in 2018, the authors reported

their institutional experiences on the accuracy of FS. In
this study, 82 FSs from sentinel lymph nodes were inves-
tigated during a 4-year period. They found that the sen-
sitivity, specificity, PPV, and NPV of FS pathology to be
86.7%, 100%, 100%, and 97%, respectively. They con-
cluded that FS pathology is a reliable method for the

assessment of lymph node involvement among patients
with breast cancer. This was comparable to that of our
study, in which our sensitivity, specificity, and positive
and negative predictive values for detection of involved
lymph nodes were 87.1%, 98%, 95.9%, and 93.3%, re-
spectively [10].
Other studies have further evaluated the role of FS

pathology in detecting different types of metastasis as
Lombardi et al. evaluated 1453 patients and Cipolla et al.
evaluated 2079 patients and found that FS has a higher
sensitivity in diagnosing macro metastasis rather than
micrometastasis [11, 12]. Tille et al. collected 361 SLNs
from 160 patients with breast carcinoma. This investiga-
tion showed the specificity and positive predictive value
of SLN FSs for detecting micrometastasis to be 100%. In
their study, the sensitivity was 83.3% for metastasis and
40% for micrometastasis. The false-negative rate was
16.7% for metastasis and 60% for micrometastasis [13].
In a systematic review, the diagnostic value of FS path-

ology was compared with permanent pathology. In this
review, Esbona et al. included a total of 37 studies, which
were mostly from the US (n=21) [14]. They found FS
pathology to have a pooled sensitivity and specificity of
83 ± 13% and 95 ± 8%. Our reported sensitivity and spe-
cificity were also similar to the aforementioned report.
Compared with the standard permanent pathology,

FS pathology provides a means for a quick intraopera-
tive assessment of the condition of a tumor, thus pro-
viding the surgeon with a quick method for
appropriate decisions regarding treatment for the pa-
tient with BC. The FS pathology is not limited to
diagnosis of either malignancy or non-malignancy of
a tumor and further provides information on the

Fig. 1 ROC curve for diagnosis of marginal involvement and sentinel lymph node involvement using frozen section pathology. a The ROC curve
for marginal involvement. b The ROC curve for sentinel lymph node involvement. The red line represents the diagonal reference line.

Fig. 2 Example of a discordant case regarding involved margins.
False-negative intraoperative results were reported for marginal
involvement on the frozen section slide for this patient due to
diagnostic misinterpretation (× 20) (the diagnosis was missed due to
frozen section technical problems)
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involvement of margins and lymph nodes as well.
Furthermore, this is a safe and simple method with-
out any morbidity and mortality [15, 16].
According to the study by Frouk and colleagues, FS is

one of the methods that help lower the need for a sec-
ond surgery. In this study, they found that using intraop-
erative FS, they were able to prevent a second surgical
operation in 216 out of 219 patients and prevent local
recurrence by 1.8% during their follow-up period [3].
Other studies have also confirmed the important role of
FS in preventing a second surgery and its consequent ef-
fects in reducing costs not only for patients but also for
the health care providers [17–19].
According to our study, in line with previous litera-

ture, frozen pathology is a good method to identify sen-
tinel lymph node involvement in patients with BC, but
this type of method is less sensitive for detecting mar-
ginal involvement compared to the gold standard of per-
manent pathology. This is expected as in the FS
technique only a small percentage of the tissue is frozen

and evaluated, thus leaving a large proportion of the tis-
sue unassessed [20].
Accordingly, this shows that with regard to marginal

involvement, considering the low PPV and sensitivity, FS
pathology does not provide a good diagnostic method.
Thus, other than FS pathology confirmation, which does
not provide high PPV, other diagnostic techniques
should be considered for evaluation of margins. On the
other hand, for SLN involvement, FS can be used with
high accuracy.
This study was not without limitation. Although our

outcomes were similar to that of other regions of the
world and we followed standard protocols for evaluation
of pathology samples, FS pathology evaluation is an
operator-dependent procedure and multiple factors
affect the final diagnosis; factors including the know-
ledge and experience of the pathologist , histological fro-
zen artifacts, cautery artifacts, and inadequate sampling.
Although the main goal of the current study was to
evaluate the diagnostic accuracy of FS pathology in

Table 2 Diagnostic accuracy of frozen section pathology compared to permanent pathology

Method of diagnosis Margins (n = 1742) Lymph nodes (n = 1702)

Frozen section Positive True 22 523

False 90 22

Total number 112 545

Negative True 1610 1080

False 20 77

Total number 1630 1157

Permanent pathology Positive - 42 600

Negative - 1700 1102

Fig. 3 a False-negative intraoperative frozen sentinel lymph node biopsy due to the small size of metastasis (× 10). b A permanent section slide
in this specific case in which micrometastasis was detected (× 20)
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detecting involved lymph nodes and margins, data on
re-excision/reoperation rates and a cost-benefit assess-
ment may have provided a more comprehensive assess-
ment of FS pathology. Another issue relates to the fact
that some studies have shown that the morphology of
the tumor (mainly invasive lobular carcinoma and inva-
sive ductal carcinoma) may variably affect the positivity
of pathology evaluation [21, 22]. Accordingly, one recent
study [23] showed no difference between invasive lobu-
lar and ductal carcinoma in diagnostic accuracy of FS
pathology for SLN involvement. To the best of the au-
thors’ knowledge, this is one of the largest studies to
evaluate the efficacy of FS pathology during a long-term
period.

Conclusion
Frozen pathology is a suitable method for identifying in-
volved sentinel lymph nodes in patients with breast can-
cer, but this method has a less than optimum efficacy in
detecting and confirming marginal involvement.
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