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Abstract
Objective: We evaluate the number of surgical two-stage procedures after FSA during breast-conserving therapy (clinical false negative
result of FSA) and investigate the influence of microcalcifications, small tumour diameter, neoadjuvant therapy and preoperative biopsy
on the clinical false negative rate of FSA.
Subjects: We retrospectively examined 1016 patients after intraoperative FSA during breast-conserving therapy for breast cancer operated
between 1995 and 2001 at the Medical University Vienna.
Results: Only 9% of all patients had to undergo a two-stage operation due to a false negative intraoperative FSA result. The annual local
recurrence rate was 1.2% in all patients with no difference between one- and two-stage operated patients. In situ and pT1 lesions were
similarly distributed between one-stage and two-stage operated patients. The use of neoadjuvant therapy and stereotactic biopsy (reflecting
non-palpable lesions and microcalcifications) were significantly predictive for a false negative FSA result. The use of a preoperative core
biopsy, however, reduced the necessity of performing a two-stage operation.
Conclusion: Our study demonstrates that FSA leads to a low rate of two-stage operations. Small lesions and microcalcifications as well as
the occurrence of intraductal cancer cells and neoadjuvant therapy increased while preoperative core biopsy reduced the false negative rate
of FSA. Overall local recurrence rates after FSA were acceptable.
� 2007 Elsevier Ltd. All rights reserved.
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Introduction

One of the most important factors for adequate oncolog-
ical surgery in breast cancer patients is the margin status.
The standard surgical practice is to obtain microscopically
clear margins (R0 �1 mm) even if this requires a second
surgical procedure.1,2 Frozen section analysis (FSA) guides
the surgeon during breast-conserving therapy (BCT) to per-
form primary tumor resection with clear margins and yields
an accuracy of 97%.3,4 Furthermore, the ‘‘core cut’’ FSA
results may inform the surgeon immediately about the
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necessity to perform surgical axillary lymph node dissec-
tion in cases of an intraoperatively diagnosed invasive
breast cancer. Subsequently, a second operation (two-stage
procedure) may be avoided in a considerable number of
patients.5,6 The clinical false negative rate of FSA or the
number of two-stage procedures due to a difference
between the FSA and the final pathological report,
respectively, have been reported to range between 0% and
19% after FSA.3,4,6e8 Without the use of FSA, a two-stage
procedure may become necessary in up to 38e54% of
patients undergoing simple lumpectomy.9e11

Higher rates of two-stage procedures may account for
increased morbidity like wound infection, paraesthesia
and scarring. Moreover, due to anatomical disorientation,
the volume excised for a re-resection within a one-stage
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procedure may be smaller than that involved in a two-stage
procedure which may indirectly affect the cosmetic
outcome.12

While the accuracy, sensitivity and specificity rates are
between 95 and 99%,3,5,13 several authors raised concerns re-
garding the use of FSA for non-palpable lesions, tumours be-
low 1 cm in diameter and pure microcalcifications.4,7,14e18

As a consequence, physicians were concerned about a re-
duced diagnostic accuracy particularly in these lesions. In
addition, pathologists have reported on freezing artefacts,
which may cause difficulties in determining both final
tumour staging and the smallest free resection margin, thus
interfering with tailoring adequate adjuvant therapy and de-
teriorating oncological outcome. Thus, several breast cancer
units have been shifting their policy not to apply FSA on
a routine basis.7

Recent developments such as preoperative sure cut bi-
opsy and neoadjuvant therapy play an important role in im-
proving operative planning and increase breast-conserving
rates. Their influence on FSA, however, is unknown.

We hypothesize that intraoperative high-quality FSA
performed by well-trained pathologists on a routine basis
yields a low number of two-stage procedures for breast can-
cer patients. In addition we analysed whether factors such
as grading, tumour size, preoperative biopsy and neoadju-
vant therapy may interfere with the FSA result.

Patients and methods
Patient collective
A total of 1559 consecutive patients with intraoperative
FSA of their breast specimens during breast surgery for
malignant and benign disease performed at our institution
between 1st January 1995 and 1st August 2001 were ana-
lyzed retrospectively. One hundred and sixty-five had open
biopsy for benign breast disease, and 378 underwent
mastectomy due to breast cancer. Indications for primary
mastectomy were either impossibility to gain resection-
free margins with an adequate cosmetic result, no change
or progressive disease after nedoadjuvant therapy and multi-
centric disease.2 Of all patients with breast cancer, 1016
(65%) underwent BCT. These patient data were used for
all further analyses.

Diagnosis of breast cancer and indications for surgery
were based on the BIRADS system providing surgery for
BIRADS IV, V and VI lesions.19
Core needle biopsy
Core needle biopsy was offered to all patients with radio-
logical diagnosed BIRADS IV and V breast lesions.19

Whether a patient underwent core needle biopsy or not
was decided based on the patients’ personal preference
after informed and written consent. The tumour size did
not influence the decision for the use of core needle biopsy.
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Percutaneous biopsy was performed using stereotactic
guidance or ultrasound guidance after written informed con-
sent was obtained from each patient. The choice of guidance
depended on a number of factors including lesion location,
imaging characteristics, scheduling considerations, and indi-
vidual preference. All biopsies were performed by one of
five of attending radiologists specialized in breast imaging.
Stereotactic biopsy was introduced at our institution in
1994. From 1994 to 1997 all biopsies were performed with
14-gauge needle (BIP, Bard Urological, Covington, GA).
The 14-gauge vacuum-assisted probe (Mammotome, Ethi-
con Endosurgery) was introduced in July, and the 11-gauge
vacuum-assisted biopsy probe in September 1997. All biop-
sies were performed after disinfection and local anaesthesia
with patients prone on a dedicated examination table
(Fischer Imaging Mammotest, Denver, CO).20

In cases of palpable lesions, core needle biopsy was im-
mediately performed in the outpatient clinic with a detachable
core needle biopsy system (ASAP Detachable; Meditech,
Watertown, MA) containing a 14-gauge needle. Briefly, after
disinfection and local anaesthesia and written informed con-
sent of each patient the skin was incised with a scalpel and the
biopsy system was inserted through the skin incision into the
breast. Under control by local palpation, the lesion was punc-
tured 1e3 times (median 2 times).
Neoadjuvant therapy
Patients with a breast/tumour size relation necessitating
primary mastectomy were treated with neoadjuvant therapy
in a prospective randomized protocol (ABCSG 14) compar-
ing 3 with 6 cycles of epirubicin and docetaxel.21 The primary
outcome was pathological complete response (pCR) defined
as no residual invasive or intraductal cancer in the breast.22
Breast-conserving therapy (BCT)
BCT was indicated for all patients with a possibility of
achieving resection-free margins (>1 mm) with a cosmeti-
cally acceptable result. Other exclusion criteria were pro-
gressive disease after neoadjuvant therapy, inflammatory
carcinoma and multicentric disease.2 Non-palpable tissue
masses or microcalcifications were preoperatively marked
using wire-guided localization. During BCT (lumpectomy),
the excised tissue specimen was marked with sutures for
orientation and immediately sent for pathological examina-
tion. In the presence of microcalcifications, the specimens
were sent to radiology for specimen radiography. Together
with preoperative wire localization technique, this proce-
dure further helped the pathologist to define areas requiring
particular attention during FSA. If the result of the FSA
showed a benign lesion or clear margins, the surgical pro-
cedure was finalized. The time needed from excision of
the biopsy until arrival of the FSA report in the operating
room via intercom is usually about 30 min. In case of
malignant cells on one of the resection margins or close
nalysis for breast-conserving therapy in 1016 patients with breast cancer,
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to the next margin (below 1 mm), the surgeon immediately
performed an additional excision at this specific site in or-
der to establish free margins (>1 mm ¼ R0 resection).
These specimens were also evaluated by FSA (suture orien-
tation of the new margin).

In cases of pathologically documented invasive malig-
nancy, a sentinel node biopsy was performed as described
elsewhere.23 In case of nodal involvement, conventional
axilla dissection followed.
Histological procedures
After surgical resection, the breast specimen was trans-
ported to the pathology department. The margins were
marked with ink. The specimen was then serially sectioned
in 3e4 mm slices. Next, FSA of up to 3 mm thin slices
(1e3 mm; mean 2 mm) from the suspected tissue area (mac-
roscopically suspect lesion, palpable lesion, wire-localized
lesion, microcalcification seen on mammogram) was per-
formed to evaluate the closest margin of resection. FSA
was performed with a microtom (Kryostat). FSA has only
been done for lesions in cases of unknown diagnosis (no
preoperative core needle biopsy). Sections were stained
with a rapid haematoxylin and eosin procedure. Results
of the FSA were defined as benign lesion, intraductal or in-
vasive carcinoma. The distance of the lesion from the near-
est margin was also evaluated. The result was reported
directly to the surgeon within 20e30 min after excision.
The rest of the tissue was not frozen, preventing freezing
artefacts in the permanent histology. It was wrapped up
in a paper towel to prevent swelling during fixation (2.5%
formalin for 24 h). Thereafter the fixed tissue was embed-
ded in paraffin for definitive histological analysis. A me-
dian of 11 paraffin blocks were done for all patients.
TNM staging and grading were performed according to
Bloom and Richardson,24 receptor status was assessed by
immunohistochemistry as already described.25 A close or
positive margin was defined as cancer cells below 1 mm
from the next resection-free margin.
Retrospective data evaluation
All patients’ characteristics were obtained over the past
10 years by continuous updating of our patient database
during follow-up (every 3 months for the first 3 years,
every 6 months thereafter and once yearly at 5 years after
operation). This file was created in 1990. Patients gave their
consent to record and evaluate their data. From 1995 the da-
tabase has been updated prospectively. All patients with
breast operations are routinely implemented in the database
by our documentation centre (study nurse). However, there
were some missing data which were added either by our
study nurse, the first author (O.R.) or a co-author (F.F.).
Missing data were imported retrospectively from the central
patient database of the Medical University of Vienna with
permission of the appropriate authorities.
Please cite this article in press as: Riedl O et al., Intraoperative frozen section a

Eur J Surg Oncol (2008), doi:10.1016/j.ejso.2008.05.007
False negative rate of FSA
We evaluated the clinical false negative rate of the FSA
by evaluating the frequency of two-stage procedures result-
ing due to a discrepancy between the intraoperative FSA
result and the definitive histological paraffin section result
in terms of resection-free margins or diagnosis of invasive
cancer within the breast.
Factors predicting a false negative FSA
In order to evaluate factors which may be correlated
with the clinical false negative rate of FSA, we compared
the demographic data of patients undergoing a one- vs.
two-stage procedure and analysed grading, tumour size,
the use of preoperative tumour biopsy, neoadjuvant therapy
and the use of a preoperative stereotactic biopsy as an indi-
cator for microcalcifications and non-palpability of the
cancer in a univariate and multiple analyses.
Statistical analysis
Categorical data were described with absolute and relative
frequencies. Differences of the categorical factors between
patients with one- and two-stage procedures were assessed
with chi-squared tests. In case of sparse data corresponding
exact tests were used. A multiple logistic regression model
was used to estimate the effect of prognostic factors on a re-
sulting one- or two-stage procedure. These effects were de-
scribed with odds ratios, corresponding 95% confidence
intervals and p-values. All p-values given were two-sided.

Results
Clinical false negative FSA rate
Within the observation period, 1559 patients had FSA
during breast surgery at the Department of General Surgery,
Medical University of Vienna. One thousand three hundred
and ninety-four patients had invasive or intraductal carci-
noma and BCT was administered to 1016 women (65%).
In 9% (91 patients) of these primarily breast conserved pa-
tients, histological results of FSA differed from the definitive
histological result of the paraffin-embedded tissue in terms
of margin status or detection of invasive cancer cells. In these
patients a second operation (n ¼ 89) or even a third operation
(n ¼ 2) had to be performed to achieve clear margins or to
further undergo lymph node surgery (Table 1). In 35 out of
these 91 patients a mastectomy had to be performed to finally
yield cancer-free margins increasing the total mastectomy
rate of the whole cohort (1394 patients) from 27% to 30%.
Demographic data
Table 2 shows the demographic data of breast cancer
patients with one- and two-stage procedures. There were
nalysis for breast-conserving therapy in 1016 patients with breast cancer,



Table 1

Patient cohort

1 January 1995 to 1 August 2001 n %

Patients with frozen sections 1559 100

Benign breast lesions 165 11

Malignant breast lesions 1394 89

Primary mastectomy 378 27

Primary BCT 1016 73

Invasive carcinoma 930 92

Ductal carcinoma in situ 86 8

One-stage procedure after BCT 925 91

Two-stage procedure after BCT 89 8.8

Three-stage procedure after BCT 2 0.2

Secondary mastectomy after BCT 35 3
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no statistically significant differences in age, grading, nodal
status or receptor status regarding the likelihood of a patient
undergoing a two-stage procedure due to a difference in
FSA of the breast specimens when compared with the de-
finitive histological result.
Table 2

Demographic data of breast cancer patients with one- and two-stage

procedures

One-stage procedure Two-stage procedure p-value

n % (n ¼ 925) n % (n ¼ 91)

Age

<40 59 6 7 8 0.63

Histology

Lobular 112 12 3 3 0.03

Ductal 813 88 88 97

pT

Tis 77 8 9 10 0.09

T1 595 64 50 55

T2 218 24 25 27

T3 7 1 2 2

T4 18 2 5 5

pCR 10 1 0 0

pN

N0 595 64 48 53 0.08

N1 305 33 34 37

Not done 25 3 9 10

Grading

G1/G2/Gx 593 64 61 67 0.57

G3 332 36 30 33

Receptor status

ER neg 241 26 18 20 0.11

ER pos 444 48 38 42

ER strongly pos 221 24 35 38

PR neg 472 51 44 48 0.22

PR pos 330 36 42 46

PR strongly pos 92 10 5 5

Preoperative BX

Sure cut 223 24 6 7 0.0008

Stereotactic 86 9 8 9

Open 26 3 3 3

Neoadjuvant 118 13 43 47 0.0001
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Reason for two-stage operation
Seventeen patients with a benign diagnosis at FSA had
malignant cells at final paraffin histology. Thirty-six had
an intraductal carcinoma at the resection margin while 25
had invasive cancer cells at the resection margin. Thirteen
patients had to undergo axillary surgery due to a final diag-
nosis of invasive cancer cells at paraffin embedded histol-
ogy, while FSA showed only an intraductal carcinoma.
Prognostic factors for a two-stage operation
Multiple logistic regression analysis demonstrated that
patients with a preoperative biopsy had a lower chance of
having a clinical false negative FSA while patients with
neoadjuvant therapy and patients with microcalcifications,
indicated by a preoperatively performed stereotactic biopsy,
had an increased risk of having a clinical false negative
FSA (Table 3).
Oncologic outcome
After a median follow up of 82.8 months (one-stage
group) and 92.8 months (two-stage group) there were 74
local recurrences out of 925 in the one-stage procedure
patients (8% local recurrence rate) compared with 9 out
of 91 in the two-stage procedure patients (10% local recur-
rence rate). This reflects an annual local recurrence rate of
1.2 and 1.3, respectively without any statistical differences
between the two groups.

Discussion

BCT is only indicated in the presence of resection-free
margins. In cases of involved margins diagnosed by paraf-
fin-embedded histology after BCT, the patient has to
undergo a second operation (two-stage procedure). Intrao-
perative FSA serves as a diagnostic tool and guidance for
surgeons in the course of breast cancer surgery during
open biopsy or BCT, respectively. FSA may inform the sur-
geon immediately about an involved margin and may thus
lead to an immediate re-resection without the necessity of
a second operation reducing the two-stage procedures.
Table 3

The likelihood for a patient to undergo a second operation due to false fro-

zen section analysis (FSA) with regard to demographic data

Odds ratio (95% CI) p

pTis vs others 1.058 (0.445; 2.515) 0.899

pT1 vs others 0.771 (0.458; 1.299) 0.329

G3 vs G1/G2 0.632 (0.3386; 1.035) 0.068

No BX vs BX 7.675 (3.551; 16.587) <0.0001

Radioguided vs not 5.683 (1.958; 16.494) 0.0014

Neoadjuvant vs not 10.621 (6.321; 17.845) <0.0001

The table shows p-values (<0.05 is significantly different) and the odds

ratio (RR) with a 95% confidence interval (CI).

nalysis for breast-conserving therapy in 1016 patients with breast cancer,
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This hypothesis is based on few studies with small patient
numbers.
FSA and two-stage operations
The present report is based on a very large retrospective
evaluation of FSA in breast cancer specimens. The efficacy
of FSA is reflected in a low clinical false negative rate of
9%. Thus, FSA may ameliorate patientś physical and psy-
chological condition, while reducing costs.5,26 As the
amount of dissected breast tissue is larger after re-resection,
a two-stage procedure may be associated with a worse cos-
metic outcome27,28,29,30 and FSA may thus improve the
cosmetic outcome, however this remains to be determined
in further studies.

Other results supporting the use of FSA have already
been reported3,4,6,7,8 demonstrating that intraoperative
FSA of breast specimens reduces the need for secondary
surgery in 20 to 40%5,6,8,31,32,33,34 and rapidly achieves op-
timal oncologic results with clear margins.35 Others sug-
gested even a 50% reduction of a two-stage procedure by
the use of FSA.9
FSA in preinvasive and small lesions
Several authors do not recommend FSA in the presence
of preinvasive and non-palpable breast cancer. 36 While the
accuracy of FSA for invasive breast cancer lesions above
1 cm is about 97%, studies suggest that FSA for smaller
non-palpable and preinvasive lesions as well as pure micro-
calcifications may have a lower accuracy rate and may im-
pair the result of the definitive histology from paraffin-
embedded tissue due to freezing artefacts.4,15,16,17,37,38

Cheng et al. demonstrated that accuracy of preinvasive
lesions may be as low as 55% with a 36% false negative
rate. 17 In their report, the authors did not give a full
description of the protocol for selecting the tissue areas
of interest for FSA. Thus, as already stated in their report,
sampling error may be the main reason for the poor results.
The use of tissue radiography to detect calcification may
add accuracy in this respect. Tinnemans retrospectively re-
viewed FSA on 321 non-palpable breast lesions of which
36.7% were found to be malignant, 12.4% to be preinvasive
and only 15.3% had microcalcifications as solely clinical
precursor. 38 They demonstrated an overall false negative
rate of 1.9%, yet an accuracy of only 68%, and suggested
that FSA should not be used in instances of pure microcal-
cifications and tiny solid masses of 5 mm or less. However,
the number of patients in this study is comparatively small.
Furthermore, the authors did not perform FSA on pure mi-
crocalcification and in several tiny masses below 5mm,
minimizing the evidence for their conclusion. Fessia
reviewed 82 preinvasive lesions treated over one decade 4

and found an accuracy rate of 78% and a false negative
rate of 11.1%. Due to the low number of preinvasive le-
sions, it may be suggested that pathologists may not have
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gained enough routine to achieve optimal accuracy. Pathol-
ogists’ routine practice in performing FSA, especially for
preinvasive lesions, is crucial. The accuracy may drop to
50% if the pathologist is not well trained and if FSA is
not performed on a routine base.6,39,40

Concerning non-palpable lesions, some authors also re-
ported about good accuracy and low false negative rates
of FSA for non-palpable breast tumours. Ferreiro et al.
demonstrated a false negative rate of only 0.5% and an
accuracy rate of 97%, no matter whether the lesion was
smaller or larger than 1 cm 3. The difference in accuracy
of FSA regarding preinvasive and small lesions among
these studies may be partly due to differences in the prev-
alence rate and in the numbers of slides submitted for FSA.
The low false negative rate in Ferreiro’s study may be re-
lated to the unique FSA practice followed at Mayo Clinic,
where all tissue of concern and adjacent breast parenchyma
where examined by FSA, with the number of slides ranging
from 1 to 42 (mean 3.4).

Our data support the evidence that FSA should be used
with caution for non palpable tumours and microcalcifica-
tions. Although our cohort had a clinical false negative
rate of 9% and a similar distribution of in situ lesions
between one-stage and two-stage operated patients the
use of a preoperative stereotactic biopsy indicating non pal-
pability, a mass below 1 cm or microcalcifications in-
creased the chance for a clinical false negative FSA, and
thus, a second operation. This confirms earlier findings.8,41
Preoperative diagnostics
In our cohort preoperative sure cut biopsy demonstrated
a high probability for a low clinical false negative FSA.
Thus, preoperative diagnostic of breast cancer may either
warrant the surgeon to immediately perform a resection
with larger margins and/or helped the pathologist to perform
the FSA. In this regard it is important to remind that recent
consensus conferences and guidelines state that 90% of the
breast lesions should undergo preoperative sure cut biopsy.
Our data support the use of a preoperative biopsy.
Neoadjuvant therapy
The use of neoadjuvant therapy increases every year. Al-
though its use to predict the sensibility of a certain systemic
therapy is undisputed, there is only little oncologic advan-
tage for the patients. No study to date has demonstrated that
neoadjuvant therapy improves oncologic outcome. The re-
duced mastectomy rate after neoadjuvant therapy may,
however, yield an increase local recurrence rate and even
a worse survival.42 Moreover neoadjuvant therapy may
increase morbidity after BCT. In this regard we have to
look very carefully whether neoadjuvant therapy may not
be harmful for our patients.

This study demonstrates that after neoadjuvant therapy
patients have an increased risk of a clinical false negative
nalysis for breast-conserving therapy in 1016 patients with breast cancer,
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FSA. This increased risk of undergoing a two-stage opera-
tion was independent from grading, age, and tumour size.
Further research has to address this important question in
larger patient series.
Oncologic outcome and final pathology examination
In our patient cohort the local recurrence rate did not
differ between one-stage and two-stage operated patients
with annual local recurrence rates of 1.2 and 1.3, respec-
tively. Recently, others have demonstrated a low local
recurrence rate after intraoperative FSA.43 Moreover, the
final pathological results for all patients were in agreement
with FSA with the exception of 31 out of 1016 patients for
nodal status (including DCIS cases!) These data suggest
that the final pathological results are not altered signifi-
cantly after the use of FSA even in small and non-palpable
lesions.

Conclusion

In conclusion the use of FSA in breast cancer yields ex-
cellent clinical false negative rates. In our study a second
operation due to a positive resection margin had to be per-
formed in 9% of the patients. Patients with FSA analyses
had an annual local recurrence rate of 1.2%. Microcalcifica-
tions and small lesions, however, should not routinely be
sent to FSA unless they are palpable. Neoadjuvant therapy
reduces the quality of the FSA while preoperative sure cut
biopsy improves FSA accuracy.
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