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the Conventional Pap Smear
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The objective of the study was to assess the clinical utility of a
liquid-based cytology system on cervicovaginal screening in a
clinical commercial laboratory.

Twenty-six thousand, one hundred and seventy eight cervico-
vaginal specimens were prepared by the Liqui-PREP™ (LGM
International Inc., Ft. Lauderdale, FL) with a direct-to-vial com-
parison to 218,548 cases of the conventional direct smear from
August 2005 through December 2005. Biopsy data was obtained
to confirm the sensitivity for each method.

Liqui-PREP™ showed a marked increase in HSIL+ detection
compared to the conventional smear (P = 0.001). The rate of
LSIL and AGC detection was higher with Liqui-PREP™ (P =
0.001 for both). The percentage of ASCUS specimens was higher
than with conventional smear due to cleaner slides and easier
detection of suspicious cells. The WNL rate was lower for Liqui-
PREP™ (P = 0.001) consistent with increased HSIL+ and
ASCUS. The unsatisfactory rate was lower for Liqui-PREP™
(P = 0.017). The histological predictive value of Liqui-PREP™
was slightly higher than the conventional smear (94.1% versus
89.9%).

The Liqui-PREP™ system similar to other reported LBC tech-
nologies shows an increased detection of squamous intraepithe-
lial lesions, and gives higher-quality slides for interpretation
than the conventional smear. Histological results confirm that
this increase in cytological findings are clinically significant.
LGM’s new LBC technology is a more sensitive screening tool
when compared with the conventional smear. Diagn. Cytopathol.
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Conventional cervical cytology screening (Pap smear)
involves the microscopic examination of cell samples
taken from the ectocervix and endocervix, smeared onto
glass microscope slides, fixed, and stained by the Papani-
colaou method.' The Pap smear has been utilized for cer-
vical screening for >50 years and has reduced the mortal-
ity rate from invasive cervical carcinoma by 50-70%.%"
In spite of this success, the Pap smear has a false negative
rate reported as high as 55%.°'* Errors due to poor sam-
pling and nonrepresentative and partial transfer of the col-
lected sample to the slides may account for as much as
62% of the false negative cervical smears.">

Sampling has been greatly improved by a new genera-
tion of collection devices that dependably remove large
and representative cervical samples from the ectocervix
and endocervix.'®!”

The transfer of the collected material to the conven-
tional Pap smear is carried out in the clinic and is subject
to inherent inconsistencies in the quality of fixation, thick-
ness of the smear, amount of obscuring blood, mucus,
inflammation, and diagnostic homogeneity of the final
preparation. '

In recent years, there have been many and varied
approaches to improving the quality of cervical cytol-
ogy.>*?! Most of these efforts involve the transfer of the
collected sample into a vial of liquid preservative before
making the slide preparation. This allows mucus and
blood to be reduced and the sample to be thoroughly
randomized before fixing a controlled and representative
aliquot onto a microscope slide. The procedures are col-
lectively known as liquid-based cytology. The ThinPrep™
Pap Test (Cytyc Corporation, Marlborough, MA) and
SurePath®™ (TriPath Imaging, Burlington, NC) are repre-
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sentative of this technology and have been reported to
improve the quality of cervical preparations.”>?>*

The Liqui-PREP™ Preparation system (LGM Interna-
tional, Fort Lauderdale, FL) is a new liquid-based method
of cytology specimen preparation. The purpose of this
study is to evaluate Liqui-PREP™ (LP) and compare it
to the conventional Pap smear (CS) for the detection of
cervicovaginal abnormalities in the same population dur-
ing the same time period.

Materials and Methods

One hundred and seventy-six (176) gynecologists from
117 different outpatient medical practices (one general
hospital and the residual private GYN clinics) in Korea
participated in this study. 26,178 cases of LP (LGM Inter-
national, Fort Lauderdale, FL) and 218,548 cases of CS
obtained from the referring physicians (August 2005
through December 2005) were processed and reviewed at
the EONE Reference Laboratory, Seoul Korea. Each sam-
ple was either processed by the LP liquid-based or the CS
procedure. None of the samples were processed by both
techniques. The patient population can be characterized as
a low-risk “typical screening population”>* representing
the full spectrum of ages and reproductive histories. The
average age and standard deviation (SD) of the LP group
were 38.78 and 10.13 yr, respectively, and those of the
conventional Pap smear group were 43.29 and 11.87 yr,
respectively.

The conventional slides were prepared from samples
collected using a locally supplied cervical brush designed
to brush and collect both cervical and endocervical speci-
mens simultaneously (MoA Medical, Seoul, Korea), fixed
with 95% ethanol at the collection site and processed in
the EONE Reference Laboratory. Cellular material for LP
was collected using the Cervex Brush™ (Rover’s, Oss,
The Netherlands). According to the manufacture’s instruc-
tions, the head of the Cervex Brush™ was detached and
dropped into LP preservative fluid and forwarded to the
EONE laboratory.

For preparation, the liquid-based samples were mixed
and centrifuged through a carbohydrate based density
cleaning solution at optimal centrifugal force and time
(1,000 g for 10 minutes) a modification of the method to
a single centrifugation reported by Otto et al.>>*’ The
supernatants were decanted and the cellular pellets were
uniformly mixed into a cellular encapsulating®®*° (Cell
Base) reagent. Cell density was controlled by estimating
the ratio of cell pellet to Cell Base added. Fifty microliter
aliquots of the homogeneous suspensions were placed
onto clean microscope slides and spread into 17 = 4 mm
circles. The slides were allowed to dry before staining.

LP and CS were stained using the regressive Harris
PAP stain. The slides were classified according to the Be-
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thesda System for reporting cervical cytology (Figs. Cl1—
C4).%

All slides, CS and LP, were screened by a team of
three cytotechnologists. All slides classified as other than
“within normal limits” were reviewed by one or more
members of a group of three cytopathologists. Prior to the
introduction of LP at EONE Reference Laboratory, cyto-
technologists received extensive (one month) training to
gain experience with the recognition of a range of normal
and abnormal cytologic morphologies on LP cytology
preparations. This instruction was carried out under the
direction of knowledgeable cytopathologists. Cellular
morphology in LP is quite similar to that of CS contrary
to our experience and reports with the ThinPrep System.’'
Differences in the proportions of positive diagnoses were
analyzed statistically using a calculated Z statistic and
derived P-value.*?

Results

LP resulted in a marked increased detection of HSIL+ in
line with leading commercially available liquid cytology
systems over the conventional PAP smear. Unsatisfactory
rates on both systems were low with LP being three times
lower. The gynecologists were very careful and skillful
during the collection of cervical specimens (Table I).

The percentage of ASCUS specimens was higher with
the LP than with the CS. The LP slides are easier to find
small numbers of abnormal cells due to clearer morphol-
ogy of the individual cells. Therefore, the rate of ASCUS
was increased, which was welcomed by gynecologists
concerned about receiving false negative results.

The number of WNL diagnoses was as expected for
liquid based cytology systems. It was, however, lower for
LP than for the CS, because of higher detection of
HSIL+ and ASCUS.

Biopsy results were obtained by EONE from local hos-
pitals and clinics in order to compare histology and cytol-
ogy diagnoses for LP and CS. Biopsy results were
obtained on 461 CS cases and 119 LP cases having a di-
agnosis of either ASC-H, LSIL, HSIL, HSIL+ or AGC.
In this study, biopsy was performed only on patients with
a positive cytology diagnosis (Table II).

Discussion

Comparison of preparation systems for cervical screening
can be challenging due to bias. We considered a split
sample study, but lack of an easy method to accurately
divide the sample makes this type of study impractical.
The direct to vial comparison we used and the number of
patients in the study were selected to minimize bias. The
patient population for both arms of the study is consid-
ered “random screening” and samples were taken during
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Fig. C-4

Figs. C-1-C-4. Fig. C-1. Cervicovaginal smear processed with the LP method diagnosed as ASC-US; Papanicolaou stain, X400. Fig. C-2. Cervicova-
ginal smear processed with the LP method diagnosed as LSIL; Papanicolaou stain, X400. Fig. C-3. Cervicovaginal smear processed with the LP
method diagnosed as HSIL; Papanicolaou stain, X400. Fig. C-4. Cervicovaginal smear processed with the LP method diagnosed as SCC; Papanicolaou

stain, X400.

the same calendar time. One possible bias can be attrib-
uted to different types of collection devices. The gynecol-
ogists participating in this study used the sapula-endocer-
vical brush for collecting CS smears and a cervical broom
for LB samples. The second possible bias is that the client
is asked to pay additional money, though modest, to have
the LP test performed, since national coverage is for CS
only. This would indicate a potential bias towards a
wealthier client opting for the LBC technology. A third
possible bias could be that the average age of LP clients
tended to be younger, 38.78 with a SD of 10.13 years ver-
sus the mean age for the CS, 43.29, SD of 11.87 years.
(Student’s rt-test, P-value < 0.01) The data indicates the
LP population may have a slight bias to a higher eco-
nomic class and younger population of women compared
to the CS.
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These data confirm the increased detection of precan-
cerous lesions when using the LP cytology preparation
system. In our direct-to-vial study, LP showed a two fold
improvement in the detection of LSIL and two fold
improvement in the detection of HSIL+ compared to a
similar patient population tested with the CS. The over-
whelming diagnostic improvement of LP in our study,
especially with respect to increased HSIL-+ detection,
should significantly and positively impact the success of
cervical screening in Korea. The percent increase in the
detection of LSIL and HSIL+ by LP are also similar to
the results of direct-to-vial studies reported for other lig-
uid-based methods.>* > There were too few cases of car-
cinoma in our study to establish statistical significance,
but these data should emerge as the number of patients
we test with LP increases.
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Table I. Comparison of Cytology Results by TBS 2001 Reporting

WNL ASC-US ASC-H AGC LSIL HSIL Malignant HSIL+ Unsat.
Conventional 210,497 (96.3) 6,092 (2.8) 190 (0.09) 63 (0.03) 1,062 (0.5) 472 (0.2) 54 (0.02) 526 (0.2) 118 (0.05)
Liqui-PREP 23,913 (91.4) 1,710 (6.5) 63 (0.24) 24 (0.09) 370 (1.4) 93 (0.4) 0 (0.0) 93 (0.4) 5(0.02)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.017
Liqui-PREP (%A) =5 +134 +177 +217 +187 +64 +47 —65

Values in parenthesis indicate percentages.

WNL, within normal limits; AGC, atypical glandular cells; HSIL+, HSIL or malignant lesion; Unsat., unsatisfactory for cytological evaluation.

Table II. Biopsy Data
Total
biopsies LSIL HSIL+ AGC

Conventional Pap smear

Total 461 343 109 9

Concordant 414 306 102 6

Result

% Agreement 89.8 89.2 93.6 66.7
Liqui-PREP

Total 119 93 22 4

Concordant 112 87 21 3

Result

% Agreement 94.1 93.5 95.5 75.0

Two Liqui-Prep biopsy results were discarded due to inadequate speci-
men collection.
HSIL+, HSIL or malignant lesion; AGC, atypical glandular cells.

The LP results also showed an increase in the ASC-US
rate. With the LP method, 6.8% of the cases were
reported as ASCUS compared to 2.9% for the CS. Part of
this increase probably relates to the conservative nature of
our staff and their cautious interpretation of the new prep-
aration but more importantly, the cellular morphology is
clearer and small numbers of abnormal cells can be easily
viewed versus the CS. In spite of this increase, the ASC-
US rate found in our laboratory for both CS and LP is in
the range found in the United States.*®>’ In addition, the
increased ASC-US rate for LP should be taken in the con-
text of the overall detection of ASC-US and SIL by the
two cervical preparation methods. Calculating ASC-US:
LSIL ratios helped determine whether increased detection
of precancerous lesions by LP is coming with a propor-
tional increase in ASC-US. In our study, the ASC-US:
LSIL ratio for the LP was 19% lower than for the CS,
indicating a potentially more specific diagnosis with LP.

The LP tested patient population also showed an
increase in the rate of AGC diagnoses. We feel that this
was due to improved preservation, more cells available
for testing, and the presentation of the cells by the LP
system. EONE is a reference laboratory that carries out
very few histologic evaluations. We were however able to
confirm biopsy results from a number of outside laborato-
ries. The correlations of the biopsy to the cytology results
reported in Table II indicate that the histologic predictive
value of LP is slightly higher then CS histologic results,
94.1% versus 89.8% respectively overall. This higher pre-
dictive value was also seen for each cytology diagnosis,

LSIL, 89.2% CS versus 93.5%, HSIL+, 93.6% CS versus
95.5% LP, and for AGC, 66.7% CS versus 75.0% LP.
The mean age for CS biopsy patients was 38.2 years,
with a standard deviation of 10.3 years, while the mean
age for the LP was 36.4 years, with a standard deviation
of 36.4, (t-test, P-value = 0.09), showing random distri-
bution even though these biopsy specimens represent only
a portion of the cytology positives.

The biopsy data confirms the cytology data which indi-
cates that LP provides a more sensitive detection and di-
agnosis than CS in cervical specimens. Finally, in spite of
our laboratories low conventional smear unsatisfactory
rate, LP improved the percentage of unsatisfactory slides
by 66% (from 0.05% to 0.017%). The new LP liquid-
based cytology preparation has proven itself to be more
diagnostic than the CS and an economical alternative to
the original and popularly used liquid-based methods.

References

1. Papanicolaou GN. A new procedure for staining vaginal smears.
Science 1942;95:438-439.

2. Chistophergen WM, Lunden FE, Jr, Mendez WM, Parker JE. Cervi-
cal cancer control: A study of morbidity and mortality trends over a
twenty-one-year period. Cancer 1976;38:1357-1366.

3. Cramer DW. The role of cervical cytology in the declining morbid-
ity and mortality of cervix cancer. Cancer 1974;34:2018-2027.

4. Dickerson LE. Control of cancer of the uterine cervix by cytologic
screening. Gynecol Oncol 1975;3:1-9.

5. Walton RJ. The task force on cervical cancer screening programs
(editorial). Can Med Assoc J 1976;114:981.

6. Krieger P, Naryshkin S. Random rescreening of cytologist smears:
A practical and effective component of quality assurance programs
in both large and small cytology laboratories. Acta Cytol 1994;38:
291-298.

7. Briggs RM. Dysplasias and early neoplasia of the uterine cervix: A
review Obstet Gynecol Surv 1979;34:70-99.

8. Coppleson LW, Brown B. Estimation of the screening error rate
from the observed detection rate in repeated cervical cytology. Am
J Obstet Gynecol 1974;119:753-958.

9. Frost JK. Diagnostic accuracy of cervical smears. Obstet Gynecol
Surv 1969;24:893-908.

10. Gray LA. The frequency of taking cervical smears. Obstet Gynecol
Surv 1996;24:909-913.

11. Koss LG. The Papanicolaou test for cervical cancer detection: A tri-
umph and a tragedy. J] Am Med Assoc 1989;261:737-743.

12. Richart RM. The patient with an abnormal Pap smear-screening
techniques and management. N Eng J Med 1980;302:332-334.

13. Ryland E. Negative smears in women developing invasive cervical
cancer. Acta Obstet Gynecol Scand 1977;56:115-118.

Diagnostic Cytopathology, Vol 35, No 8 491



Diagnostic Cytopathology DOI 10.1002/dc
PARK ET AL.

14.

20.

21.

22.

23.

24.

25.

492

Sprenger E, Schwarzmann P, Kirkptrick, et al. The false negative
rate in cervical cytology: Comparison of monolayers to conven-
tional smears. Acta Cytol 1996;40:81-89.

. Gay JD, Donaldson LD, Goellner JR. False-negative results in cer-

vical cytologic studies. Acta Cytol 1985;29:1043—1046.

Hutchinson M, Patten FW, Stelzer GT, Hurley AA, Zahniser DJ,
Douglass KL. Study of cell loss in the conventional Papanicolaou
smear. Acta Cytol 1992;36:557.

Hutchinson ML, Isenstein LM, Goodman A, et al. Homogeneous
sampling accounts for the increased diagnostic accuracy using the
ThinPrep processor. Am J Clin Pathol 1994;101:215-219.

Hutchinson ML, Agarwal P, Denault T, Berger B, Cibes ES. A new
look at cervical cytology: ThinPrep multicenter trial results. Acta
Cytol 1992;36:499-504.

Geyer JW, Hancock F, Carrico, Kirkptrick M. Preliminary evalua-
tion of Cyto-Rich: An improved automated cytology preparation.
Diagn Cytopathol 1993;9:417-422.

Rosenthal DL, Manjikan V. Techniques in the preparation of a
monolayer of gynecologic cells for automated cytology, an over-
view. Analyt Quant Cytol 1987;9:55-59.

Grohs HK, Zahniser DJ, Geyer JW. In: Grohs HK, Husain OAN,
editors. Standardization of specimen preparation through mono/thin-
layer technology in automated cervical cancer screening. New
York: Igaku-shoin; 1994. p 176-185.

Lee RL, Ashfag B, Birdsong GG, Corkill ME, McIntosh KM,
Imhorn SL. Comparison of conventional Papanicolaou smears and a
fluid-based thin layer system for cervical cancer screening. Obstet
Gynecol 1997;90:278-284.

Bishop JW, Bigner SH, Colgan TJ, et al. Multicenter masked evalu-
ation of AutoCyte PREP thin layers with matched conventional
smears, including initial biopsy results. Acta Cytol 1998;42:189—
197.

Davey DD, Naryshkin L, Neilsen ML, Lkine TS. A typical squa-
mous cells of undetermined significance: Interlaboratory comparison
and quality assurance monitors. Diagn Cytopathol 1994;11:390—
396.

Otto K, Hoffen H, Soost HJ. Sedimentation velocity separation; a
preparation method for cervical samples. J Histochem Cytochem
1979;27:14-18.

Diagnostic Cytopathology, Vol 35, No 8

26.

217.

28.

29.

30.

32.

33.

34.

36.

37.

Otto K, Hoffken H, Soost HJ. Components and results of a new
preparation technique for automated analysis of cervical samples.
Analyt Quant Cytology 1979;1:127-135.

Hoffken H, Otto K, Soost HJ. Cytomorphologic results of prepara-
tion experiments for monolayer deposition of cervical material. J
Histochem Cytochem 1979;27:19-24.

Maksem JA, Weidmann. Specialized preparation devices are not
needed for liquid-based, thin layer cytology: An alternative method
using a metastable alcoholic gel. Diagn Cytopathol 2001;25:262—
264.

Makesem JA, Finnemore M, Belsheim BL, et al. Manual method
for liquid-based cytology: A demonstration using 1,000 gynecologi-
cal cytologies collected directly to vial and prepared by a smear-
slide technique. Diagn Cytopathol 2001;25:334-338.

Solomon D, Davey D, Kurman R, et al. The 2001 Bethesda System;
Terminology for reporting results of cervical cytology. J Am Med
Assoc 2004;287:2114-2119.

. Wilbur DC, Dubeshter B, Angel C, Atkinson KM. Use of thin-layer

preparations for gynecologic smears with emphasis on the cytomor-
phology of high-grade intraepithelial lesions and carcinomas. Diagn
Cytopathol 1996;14:201-210.

Rosner BA. Fundamentals of biostatistics, 3rd ed. Boston: FWS-
kent; 1990. p 320.

Fremont-Smith M, Marino J, Griffin B, Spencer L, Bolick D. Com-
prison of the SurePath liquid-based Papanicolaou smear with the
conventional Papanicolaou smear in a multisite direct-to-vial study.
Cancer 2004;102:269-279.

Vassilakos P, Saurel J, Rondez R. Direct-to-vial use of the Auto-
Cyte PREP liquid-based preparation for cervical-vaginal specimens
in three European laboratories. Acta Cytol 1999;43:65-68.

. Papillo J, Zarka MA, St. John TL. Evaluation of the ThinPrep Pap

Test in clinical practice: A seven-month 16,314-case experience in
northern Vermont. Acta Cytol 1998;42:204-208.

Jones HW. Impact of the Bethesda system. Cancer 1995;77:1914—
1918.

Davey DD, Naryshkin S, Nielsen ML, Kline TS. Atypical squa-
mous cells of undetermined significance: Interlaboratory compari-

son and quality assurance monitors. Diagn Cytopath 1994;11:390—
396.



