EXPERIMENTAL AND THERAPEUTIC MEDICINE 1: 641-645, 2010

Usefulness of intraoperative touch smear cytology
in breast-conserving surgery
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Abstract. In breast-conserving surgery, positive margins are
closely related to intramammary recurrence, but methods of
assessing resection stumps during breast-conserving surgery
have not been standardized. The present study investigated
the usefulness of intraoperative touch smear cytology in
our department. From 2005 to 2008, a total of 420 patients
underwent breast cancer surgery. Subjects comprised
160 patients who underwent breast-conserving surgery and
touch smear cytology. Results of the touch smear cytology
were compared to those of the histological tissue analysis.
Touch smear cytology displayed 70% sensitivity (14/20),
97.1% specificity (136/140) and a diagnostic accuracy of
93.8% (150/160). Six false-negative cases and 4 false-positive
cases were identified. Of the 6 false-negatives, cancer cells
were noted in the ductal component in 5 cases, and the degree
of cancer cell atypia in the stump was low. Residual cancer
cells were noted in the stump in 18 cases, and additional
resection was performed in 16 cases. Cancer cells were
identified histologically in the additionally resected tissue in
8 of these 16 cases (50%). The direction of positive cytology
was towards the nipple in 16 cases, lateral tissue in 5 cases and
contralateral nipple in 2 cases. A greater cancer cell volume,
as assessed by touch smear cytology, tended to be associated
with higher frequency of positive margins, as assessed by
histological tissue analysis. Touch smear cytology is easy to
perform, offering a very useful technique yielding comparable
results to histological tissue analysis.

Introduction
The desire for breast-conserving surgery in patients being

treated for early breast cancer has modified the management
of these patients. With the recent widespread use of breast-

Correspondence to: Dr Nobuhiko Tanigawa, Department of
General and Breast and Endocrine Surgery, Osaka Medical College,
2-7 Daigaku-machi, Takatsuki, Osaka 569-8686, Japan

E-mail: sur001@poh.osaka-med.ac.jp

Key words: touch smear cytology, breast cancer, breast-conserving
surgery

conserving surgery, assessing the extent of tumor spread has
become increasingly important (1-4). In breast-conserving
surgery, positive margins are closely related to intramammary
recurrence (5-8), but methods of assessing resection stumps
during breast-conserving surgery have not been standardized.
The present study investigated the usefulness and pitfalls of
intraoperative touch smear cytology (touch cytology) in our
department.

Patients and methods

From 2005 to 2008, a total of 420 patients underwent breast
cancer surgery. Subjects comprised 160 patients (1 man, 159
women; mean age 58.1 years; range 22-82 years) who under-
went breast-conserving surgery and touch smear cytology.
Patient and tumor characteristics are listed in Table I. Mean
tumor histological size was 24.8 mm. Tumors included 7
non-invasive ductal carcinomas (4.4%), 79 papillotubular
carcinomas (49.4%), 12 solid-tubular carcinomas (7.5%), 35
scirrhous carcinomas (21.9%) and 27 special types (16.9%).
Moreover, the degree of atypia was mild [nuclear grade (ng)1]
in 70 cases (43.8%), moderate (ng2) in 50 cases (31.3%) and
severe (ng3) in 40 cases (25%).

The method of touch cytology involved touching the
resected stump to the slide glass, then performing fixation as
promptly as possible using 95% ethanol with a prepared box.
Specimens were examined for the presence of cancer cells
using Papanicolaou stain. Additional resection was performed
during the operation, in principle, when the surgical cut end
was positive. A permanent tissue section was constructed, and
the total segmentation was cut at intervals of 5 mm. Results
of touch smear cytology were compared to those of the histo-
logical tissue analysis. Cancer nests were defined as exposure
in either direction regardless of invasion or intraductal compo-
nent with positive margins in a permanent tissue section.

Results

Touch cytology displayed 70% sensitivity (14/20), 97.1%
specificity (136/140) and a diagnostic accuracy of 93.8%
(150/160). Six false-negative cases and 4 false-positive cases
were identified (Table II). Residual cancer cells were noted in
touch cytology in 18 of the 160 cases (Table III). The direc-
tion of positive cytology was towards the nipple in 16 cases
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Table I. Patient and tumor characteristics.

Gender
Female 159
Male 1
Age (years)
Range 22-82
Median 58.1
Tumor size (mm) 24.8+7
Histological type, no. of cases (%)
Non-invasive ductal ca (1a) 7 (4.4)
Papillotubular ca (2al) 79 (49.4)
Solid-tubular ca (2a2) 12 (7.5)
Scirrhous ca (2a3) 35(21.9)
Special type 27 (16.9)
Nuclear grade, no. of cases (%)
Grade 1 70 (43.8)
Grade 2 50 (31.3)
Grade 3 40 (25.0)
Table II. Diagnostic accuracy of touch cytology.
Resection stumps Touch cytology Total (%)
Positive (%) Negative (%)
Tissue section (permanent)
Positive 14 (8.8) 6 (3.8) 20 (12.5)
Negative 4 (2.5) 136 (85.0) 140 (87.5)
Total 18 (11.3) 142 (88.8) 160 (100.0)

(88.9%), the lateral tissue in 5 cases (27.8%) and the contral-
ateral nipple in 2 cases (11.1%) (Fig. 1). Residual cancer cells
were noted in the stump in 18 cases, and additional resection
was performed on 16 cases, excluding 2 cases with few cells
showing low-level atypia.

In 4 of the 18 cases with touch cytology margin-positive
results (cases 3, 6, 12 and 17), cancer cells were not observed
in the resection stump before additional resection in permanent
tissue sections (false-positive cases). Assessing cancer cells
was very difficult, since very few cancer cells were apparent.
Cases 10 and 12 were mucinous carcinomas, and the mucin
outflow when stamping the specimen appeared to have caused
the false-positive results. The possibility of similar false-
positives must be considered even with intracystic tumors.

Cancer cells were identified histologically from 8 of the 16
cases (50%) with additionally resected tissue. In one typical
case, intraoperative additional resection was performed
(Table III, case 9). Breast-conserving surgery was performed
(right breast, internal lower area). Intraoperative touch cytology
towards the nipple and lateral tissue sides was cut-end positive.
Cancer cells were observed both in the additional resection
tissue and resection stump before additional resection was
performed in the permanent tissue section. Greater cancer cell
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1 direction: 13 cases
2 directions: 5 cases
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Figure 1. Direction of positive touch cytology (total 18 cases: 1 direction,
n=13; 2 directions, n=5). Direction of positive cytology was predominantly
towards the nipple side.
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Nipple side (+)
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Figure 2. Example (case 9). Breast-conserving surgery was performed (right
breast cancer, internal lower area). Intraoperative touch cytology towards the
nipple side and lateral tissue side was cut end-positive. Cancer cells were
noted in both the additional resection tissue and resection stump before per-
forming additional resection in the permanent tissue section.

volume, as assessed by touch smear cytology, tended to be asso-
ciated with a higher frequency of positive margins, as assessed
by histological tissue analysis (cases 2 and 5). Additional
resection was performed twice in each of these cases. A touch
cytology specimen from case 2 is shown in Fig. 3. Numerous
cancer cells showed dyshesion among cells and severe atypia
in the background of necrotic cells, and a positive margin was
diagnosed. Given the presence of a positive margin, additional
resection was again performed. In addition, the ng3 case was
not included among the 18 cases with touch cytology-positive
margins, suggesting that the diagnosis of cancer by touch
cytology may be possible even when a low degree of nuclear
atypia is identified.

On the other hand, 6 cases showed positive margins in
permanent tissue sections, despite no appearance of cancer
cells on touch cytology (false-negative cases). False-negative
cases are shown in Table I'V.

Of the 6 false-negative cases, cancer cells were noted in
the ductal component in 5 cases, and the degree of cancer cell
atypia in the stump was low. Moreover, no cases with positive
margins showed lymphatic invasion.
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Table III. Positive touch cytology cases (n=18).

643

Direction of

Permanent histological
analysis (cancer cell + or -)

Age Histological Nuclear Tumor size positive Intraoperative (Before additional ~ Additional
Case (years) type grade (mm) touch cytology treatment resection) Stump resected tissue
1 67 2a3 2 26 NPL Additional resection + -
2 56 2al 2 18 NPL (++) i) Additional resection
i1) Additional resection + 1) +1i) +
3 47 2al 2 11 NPL Additional resection - -
4 41 2a (mix) 1 32 NPL Additional resection + +
5 37 2al 2 0 NPL (++) i) Additional resection
ii) Additional resection + 1) +1i) +
(on another day)
6 51 2al 2 42 Lat Additional resection - -
7 51 2al 1 20 NPL, Lat Additional resection + -
8 41 2al 2 15 NPL Additional resection + -
9 42 2a3 1 40 NPL, Lat Additional resection + +
10 35 2bl 1 23 NPL, Lat Additional resection + (lateral side) -
11 81 2al 1 30 NPL, Additional resection + -
Contralateral
12 38 2bl 1 19 NPL Additional resection - -
13 58 2al 1 16 NPL Additional resection + +
14 48 2a3 1 12 NPL, Lat Additional resection + +
15 71 2al 1 13 Contralateral None +
16 66 la 2 0 NPL Additional resection + +
17 59 2a3 2 18 NPL None -
18 56 2a3 2 22 NPL Additional resection + +

1a, non-invasive ductal carcinoma; 2a, invasive carcinoma; 2al, papillotubular carcinoma; 2a3, scirrhous carcinoma; 2b1, mucinous carcinoma.

++, Numerous cancer cells.

Figure 3. Touch cytology specimen (case 2) (Papanicolaou stain, x200).
Numerous cancer cells are noted in the touch cytology specimen towards
the nipple.

Discussion

We previously reported that the direction of the intraductal
component was towards the nipple in 48.7%, lateral in 40.8%
and towards the contralateral nipple in 28.9% (including
overlapping cases) of the cases (9). Importantly, care must
be taken to investigate, not only the nipple side, but also the
lateral and contralateral nipple sides. In the present study, the
direction of positive touch cytology was towards the nipple
in 16 cases (88.9%), lateral in 5 cases (27.8%) and towards
the contralateral nipple in 2 cases (11.1%) (Fig. 1). As the
intraductal component towards the nipple side covered a long
distance, margins were considered to easily become positive
in many cases.

Histological tissue analysis and touch smear cytology
can be performed to assess resection stumps during breast-
conserving surgery. Histological tissue analysis is accurate,
but i) analyzing all areas of a large resection stump is diffi-
cult; ii) preparing high-quality frozen sections is difficult due
to the high adipose content of breast tissue; iii) assessing the
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Table IV. False-negative cases (n=60).
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Case  Age  Histological Nuclear Tumor size Direction of positive margin, Additional
(years) type grade (mm) invasion or intraductal (no.) therapy

1 63 2al 3 18 Contralateral side of NPL: Radiation

invasion (1 piece)
39 2al 1 26 NPL side: intraductal (1 piece) Radiation

3 51 2al 3 11 NPL side: intraductal (2 pieces) Radiation

4 42 2a3 3 20 Lateral side: intraductal (2 pieces) Radiation
Contralateral side of NPL: intraductal (1 piece)

5 62 la 1 0 NPL side: intraductal (1 piece) Radiation
Lateral side: intraductal (1 piece)

6 60 2al 3 17 NPL side: intraductal (1 piece) Additional resection

Lateral side: intraductal (3 pieces)

+ radiation

Touch cytology, negative; permanent histological analysis, positive. 1a, non-invasive ductal carcinoma; 2al, papillotubular carcinoma; 2a3,

scirrhous carcinoma.

Table V. Comparison of the accuracy of histology and cytology for assessing intraoperative resection stumps.

Histological analysis Touch cytology
No. of Sensitivity ~ Specificity =~ Accuracy  Sensitivity  Specificity = Accuracy

n Stumps (%) (%) (%) (%) (%) (%)
Cox et al (10) 114 77.3 100 95.5 100 96.6 97.3
Morita et al (11) 205 241 68.3 56.0 85.5
Morita et al (11) 58 66 77.0 66.7 87.9
Nagumo et al (16) 68 138 64.3 100 92.8 78.6 92.7 89.9
Miyauchi et al (12) 114 87.2 86.6 86.8
Kato et al (13) 33 132 100 90.7 92.4
Tohnosu et al (14) 50 200 96.4 90.7 91.5
Creager et al (15) 137 758 75.0 95.5 94.5

malignancy of intraductal proliferating lesions is difficult; and
iv) regions of the tissue sample may be damaged. Touch smear
cytology is easily performed, offering a very useful technique
yielding comparable results to histological tissue analysis.
In contrast, touch smear cytology has some disadvantages.
1) Assessment is difficult in cases from which too few cells
are obtained; ii) assessing lesions showing low-grade atypia
is difficult; and iii) a special cytology screener and physician
are essential.

In many reports the result of cut end assessment using
touch cytology is identical to that of frozen tissue section, and
touch cytology offers the key advantage of providing an easy
technique (10-16).

Cut end assessment using frozen tissue sections offers
77.3% sensitivity, 100% specificity and 95.5% accuracy
according to Cox et al (10); 68.3% sensitivity, 56% speci-
ficity and 85.5% accuracy as reported by Morita et al (11);

while 64.3% sensitivity, 100% specificity and 92.8% accu-
racy were reported by Nagumo et al (16). In the present
study, the results of cut end assessment using touch cytology
showed 70-100% sensitivity, 66.7-97.1% specificity and
86.8-97.3% accuracy (Table V). Results for touch cytology
were equally accurate or more accurate than for frozen tissue
sections.

Misdiagnosed lesions by touch cytology assessment were
reported to include i) papillary lesions, ii) lesions showing
low-grade atypia, iii) lesions showing few cells and iv)
lesions with ductal hyperplasia or ductal carcinoma in situ
(12,13).

In our examination, touch cytology assessment showed
97.1% specificity and 93.8% accuracy, representing excellent
results compared to other reports, although sensitivity was
slightly low at 70%. Causes of false-negative cases (n=60;
Table I'V) that contributed to the lower sensitivity included the
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following. i) Sampling error: investigation in only 1-2 direc-
tions may detect relatively few cancer cells. ii) Staining: in
cases using touch cytology specimens stained by Papanicolaou
stain after fixing in 95% ethanol, sensitivity is slightly low
and specificity is high (17). That is, cells flake off easily in
cases with fixation in ethanol. However, dry fixations, such as
other Diff-Quick methods and Giemsa staining, are unsuit-
able for detailed observation of heavy cell populations and are
a ready cause of misdiagnosis. iii) Underestimation: in case 5
(Table IV) intraoperative touch cytology assessment was cut
end-negative since the few cells present showed monotonous
nuclei with little atypia.

The examination of cut ends requires the use of informa-
tion from touch cytology (cellularity and cell atypia) and
considering likely histological types, but without strict intra-
operative judgment of the cut end.

Some key points must be considered in touch cytology
examination (16). First, after removing blood with gauze, the
resection stumps must be touched slightly onto the slide glass
(when stumps are touched too firmly, intraductal lesions
may be pushed out, causing false-positive results). Second,
cytology specimens must be fixed in 95% ethanol immedi-
ately, without allowing time for drying. Third, degenerative
cells must not be misdiagnosed. Fourth, when touch cytology
diagnosis (i.e., benign vs. malignant) is difficult to assess, a
comparison to a pre-operative aspiration cytology specimen
is useful. Finally, a cytologist must collaborate on the diag-
nosis with a surgeon.

In our hospital, in all cases irradiation to the remaining
breast is performed in principle after breast-conserving
surgery. Ipsilateral breast recurrence was not identified in
any of the cases (160 samples), although surveillance was
only continued for a relatively short period. Takahashi et al
reported that when cancer cells include only an intraductal
component or are noted in only one direction or in only one
specimen, the recurrence rate is low in the ipsilateral breast
without postoperative irradiation (17). Only 1 case with 4
slices showing cut end-positive results on permanent tissue
section required additional resection at a later date among the
6 false-negative cases. Strict follow-up is required.

Cut ends are often difficult to assess even in permanent
tissue sections since extreme intraductal component atypia
is low. Detailed cut end evaluation with a permanent tissue
section appears to allow accurate and efficient diagnosis after
initial intraoperative touch cytology to provide prompt, easy
and accurate diagnosis.
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