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Clinical Usefulness of SurePath™ Liquid-based Cytology in Thyroid Fine
Needle Aspiration: Comparison with the Conventional Smear in Diagnostic
Efficacy and Applicability of BRAF Mutation Test

Wook Youn Kim - Sang Hwa Lee - Young Sin Ko - So Dug Lim' - Wan Seop Kim'
Hye Seung Han' - Hye Sil Seol - Seo Young Oh - Won-Jin Moon® - Tae Sook Hwang'

Department of Pathology, Konkuk University Medical Center; Departments of 'Pathology and Radiology, Konkuk
University School of Medicine, Seoul, Korea

Background: Recently, liquid-based cytology (LBC) has been introduced as an alternative to the
conventional smear (CS) technique in thyroid fine needle aspiration, due to its diagnostic conve-
nience. Methods: We assessed 77 cases of thyroid fine needle aspiration using the SurePath™
method (SP) as LBC and CS via split-sample techniques. BRAF mutation tests were carried out
via polymerase chain reaction and pyrosequencing immediately after diagnosis or a delay of more
than one year. Results: In a comparison between SP and CS, the rate of concordance between
SP and CS was as high as 84.4% (kappa value, 0.754). In comparison with histologic diagnosis,
the overall sensitivity was 100% for both. The specificity was 62.5% for SP and 56.3% for CS.
Relative to CS, papillary carcinomas on SP slides revealed more accentuated nuclear irregulari-
ties, nucleoli, and reduced nuclear size. In contrast to CS, the delayed BRAFV600E mutation test
using SP slides after 1-2 years failed. The use of new primers amplifying shorter product size could
help the delayed test achieve success. Conclusions: Differences in the diagnostic efficacy of SP
and CS were negligible. The failure of the delayed BRAF mutation test on the SP slides might be
associated with DNA degradation.
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Liquid—based Thyroid Aspiration Cytology
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Table 1. Diagnostic comparison between the conventional smear and SurePath™ methods

s SurePath™

Benign ACUS S/FFEN S/FPC PC MC ML SQCC Total
Benign 39 4 0 0 0 0 0 0 43
ACUS 3 12 0 0 0 0 0 0 15
S/FFN 0 1 3 0 0 0 0 0 4
S/FPC 0 2 0 3 1 0 0 0 6
PC 0 1 0 0 5 0 0 0 6
MC 0 0 0 0 0 1 0 0 1
ML 0 0 0 0 0 0 1 0 1
SQCC 0 0 0 0 0 0 0 1 1
Total 42 20 3 3 6 1 1 1 7
Concordance rate 65/77=84.4%
Kappa value 0.754

CS, conventional smear; ACUS, atypical cells of undetermined significance; S/F FN, suspicious for follicular neoplasm; S/F PC, suspicious for papillary carci-
noma; PC, papillary carcinoma; MC, medullary carcinoma; ML, malignant lymphoma; SQCC, squamous cell carcinoma.
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Table 3. Sensitivity and specificity of the conventional smear and
SurePath™ method in comparison with histologic diagnosis

SurePath™ Conventional smear
Histologic Dx
Benign  ACUS above*  Benign ACUS above

NH 10 1 9 2
Neoplasm 0 20 0 20
Sensitivity 20/20=100% 20/20=100%
Benign 10 6 9 7
Malignant 0 156 0 15
Specificity 10/16=62.5% 9/16=56.3%

2ACUS above category includes ACUS and other positive cytologic diag-
noses such as suspicious for follicular neoplasm, suspicious for papillary
carcinoma, papillary carcinoma and other malignancies.

Dx, diagnosis; ACUS, atypical cells of undetermined significance; NH, nod-
ular hyperplasia.

SurePath™ Conventional smear
Histology - -
Benign ACUS S/FEN PCe Other Benign ACUS S/FFN PCe Other

NH 10 1 0 0 0 9 2 0 0 0
FN 0 2 2 0 0 0 1 3 0 0
HN 0 0 1 0 0 0 0 1 0 0
PC 0 6 0 6 0 0 4 0 8 0
Other 0 0 0 0 3 0 0 0 0 3
Total 10 9 3 6 3 9 7 4 8 3
Concordance rate 21/31=67.7% 23/31=74.2%

Category of S/F PC in cytologic diagnosis according to Bethesda system was incorporated into PC in this table.
ACUS, atypical cells of undetermined significance; S/F FN, suspicious for follicular neoplasm; PC, papillary carcinoma; Other, other malignancy; NH, nodular
hyperplasia; HN, Hurthle cell neoplasm; S/F PC, suspicious for papillary carcinoma.
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Table 4. Nuclear features of papillary carcinoma in the convention-
al smear and SurePath™ methods

Conventional smear  SurePath™ method
Nuclear size More enlarged Less enlarged
Nuclear irregularity Less accentuated More accentuated
Nucleoli Less accentuated More accentuated with

red color
Nuclear pseudoinclusion  More frequently found  Less frequently found
Nuclear groove Present and more Present but less
prominent prominent
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Table 5. BRAF mutation test in the conventional smear slides, SP
slides using old red solution, and SP slides using new blue solution
as a preservative solution

BRAF CS SP in red solution SP in blue solution
Initial test Successful (9/9) Successful (9/9)  Successful (4/4)
Delayed test? Successful (4/4) Failed (3/3) Ongoing
Delayed test using Successful (4/4) Successful (3/3) Ongoing

new primer®

#Delayed test was performed 1-2 years after sampling cytologic specimens;
®New primer targets shorter region of BRAF gene that is 72 base pairs long,
compared to previous primer amplifying 227 base pairs.

SP, SurePath™; CS, conventional smear.

Fig. 1. Nuclear features of papillary carcinoma in (A) conventional smear and (B) SurePath™ slides, obtained from an identical case (Papani-
colau stain). The SurePath™ slide is prepared using red solution as preservative solution. In the SurePath™ slide (B), papillary carcinoma ex-
hibits less enlarged nuclei with more accentuated nuclear irregularity and red nucleoli than the conventional smear slide (A).
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227 bp

72 bp

193

227 bp

M: Marker.

1, 2, 3: DNA from SurePath™

slides preserved in red solution.

4,5, 6, 7: DNA from SurePath™
@ slides preserved in blue solution.

Fig. 2. Amplification of the BRAF gene via polymerase chain reaction in (A) the DNA extracted from SurePath™ slides preserved in red solu-
tion using a old primer set amplifying 227 base pairs after a one or two year delay, (B) the DNA extracted from SurePath™ slides preserved
in blue solution using a old primer set at the time of diagnosis, and (C) the DNA extracted from SurePath™ slides using a new primer set am-

plifying 72 base pairs at the time of diagnosis.

Table 6. Comparison of BRAF mutation test between CS and SP
slides

CS SP in red solution
Benign (7) BRAF (+) 0 0
BRAF (-) 7 7
PC (2) BRAF (+) 2 1
BRAF (-) 0 1

CS, conventional smear; SP, SurePath™; PC, papillary carcinoma.
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Liquid—based Thyroid Aspiration Cytology
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