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Abstract

Objective: Glucyte liquid-based cytology (LBC; BestPrep™;
CellSolutions, LLC, Greensboro, N.C., USA) is a recently devel-
oped method. Its performance was assessed in comparison
with ThinPrep (Hologic Inc., Marlborough, Mass., USA) and
SurePath (BD Diagnostics, Burlington, N.C., USA) LBC plat-
forms. Study Design: Two cervical samples obtained from
each of 331 patients presenting for colposcopy were utilized.
The first sample was placed in PreservCyt (Hologic) and the
second in SurePath medium, and both were processed in ac-
cordance with the manufacturers’ protocols. From the resid-
ual SurePath sample, a Glucyte slide was prepared, stained,
and read as per the manufacturer’s instructions. Results:
Considering a threshold cytologic diagnosis of atypical
squamous cells of undetermined significance and using a
histologic diagnosis of high-grade cervical intraepithelial
neoplasia or worse (CIN 2+) as the end point, there was no
significant difference in the sensitivity of Glucyte for the de-
tection of CIN 2+ compared with ThinPrep and SurePath
(86.9 vs. 81.9% and 83.7%, respectively). However, Glucyte

showed a specificity of 49.2% compared with 61.6% for Thin-
Prep (p =0.002) and 66.9% for SurePath (p < 0.001). Consider-
ing a threshold cytologic diagnosis of high-grade squamous
intraepithelial lesion, Glucyte showed a sensitivity of 40.5%
for detecting CIN 2+ compared with 20.5% for ThinPrep (p =
0.003) and 54.7% for SurePath (p = 0.013). The corresponding
specificities were 93.8, 99.1, and 94.3%. The rate of unsatis-
factory specimens for Glucyte was 1.2% compared with
ThinPrep (4.8%) and SurePath (0%). Conclusion: Glucyte ap-
peared to perform reasonably well compared with ThinPrep
and SurePath. It offers an alternative to these well recog-

nized LBC systems. Copyright © 2013 S. Karger AG, Basel

Introduction

The rate of cervical cancer has decreased in most of the
economically developed countries as a result of screening
and treatment programs since the introduction of the Pa-
panicolaou (Pap) test in the 1950s [1]. Despite its popu-
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Fig. 1. CellSolutions-120 (automated Glu-
cyte device).

lation-based success, significant attention has been di-
rected at specific limitations of the Pap test [2]. Errors in
sampling, sample preparation, and smear reading and
interpretation account for the majority of false-negative
Pap results. The development of liquid-based cytology
(LBC) with new sampling devices, slide preparation tech-
nologies and automated screening systems, and molecu-
lar methods such as high-risk human papillomavirus
(HPV) detection have overcome some of these limitations
[3-5]. LBC has been compared with conventional cytol-
ogy in many studies [6-12]. Some have shown the relative
benefits of LBC, including increased sensitivity, especial-
ly for the detection of cervical high-grade squamous in-
traepithelial lesions (HSIL), and the ability to perform
HPV testing on the same specimen. Other studies have
reported decreased specificity and lower cost-effective-
ness [6, 10, 13]. Nonetheless, the benefits of LBC over con-
ventional cytology include better specimen preservation
and presentation, and a higher number of cells on the
slide. In addition, LBC allows for automated primary
screening and is associated with a lower unsatisfactory
rate than conventional smears [10].

Two commercially available LBC systems, ThinPrep
(Hologic Inc., Marlborough, Mass., USA) and SurePath
(BD Diagnostics, Burlington, N.C., USA), were approved
by the US Food and Drug Administration for cervical
screening several years ago, and these have been widely
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adopted by screening programs in many countries. Glu-
cyte LBC is a recently developed method (CellSolutions,
LLC, Greensboro, N.C., USA). This method utilizes pro-
prietary preservatives and reagents, with preparations
made manually or with an automated platform. The
method allows for the entire brush head containing the
cells to be placed in a hemolytic preservative that does not
precipitate hemoglobin or create other artifacts that com-
pete with diagnostic cell presentation on the slide. The
preserved cell suspension is centrifuged to pellet the cells.
The supernatant is decanted and the cellularity of the
sample assessed by measurement of the pellet size. In the
manual method the cell pellet is approximated as to size
visually and the dilution of the cell pellet is adjusted ac-
cording to the pellet size following the manufacturer’s
protocol to achieve relatively consistent cellularity on the
slide of approximately 30,000-80,000 cells (less diluent
for a small pellet of cells and more diluent for larger pel-
lets of cells are used). In the automated platform the pel-
let size is more accurately measured to achieve a consis-
tent cellularity. After appropriate dilutions are made the
cells are diluted with Glucyte cell adherent to a consistent
cell concentration. This is then transferred to labeled
slides and applied in either a circular or a rectangular pat-
tern, dried, stained, and coverslipped. Figure 1 shows an
image of the automated Glucyte device. Glucyte offers a
lower-cost alternative to other LBC platforms currently
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available. In the USA and Canada ThinPrep and Sure-
Path supplies average around USD 7.00-10.00 per slide
without imaging, and depending on the test volume and
other factors. In contrast, Glucyte kits are being offered
in the range of USD 4.00-8.00, depending on the interna-
tional market and lab test volume. In this study we evalu-
ated the performance of the Glucyte method in compari-
son with ThinPrep and SurePath platforms. This study
was conducted utilizing cervical specimens collected for
a large-scale multicenter study in Canada that assessed
the performance of HPV E6/E7 mRNA testing in cervical
cancer screening and HPV genotype distribution in CIN
and cervical cancer [14-16].

Materials and Methods

Study Population

For the multicenter Canadian study, the target population was
comprised of women referred to colposcopy for further assessment
of cervical cancer risk and follow-up. The study subjects were either
patients newly diagnosed with abnormal Pap cytology of any grade
that were referred to colposcopy, or those with a history of abnor-
mal cytology who were being followed up in colposcopy clinics as
part of the routine standard of care. They were enrolled from 5 ter-
tiary care referral centers in 5 provinces across Canada. The inter-
val of time between the initial cytological diagnosis and enrollment
at the colposcopy referral visit ranged from 1 to 3 months for new
cases, and was up to 2 years for colposcopy follow-up cases with a
prior history of abnormal cytology. Women 18 years of age or older
who had had any grade of cytologic abnormality within the previ-
ous 2 years and who had not received treatment were eligible. Those
consenting to participate in the study were enrolled sequentially
with written informed consent. The study was approved by institu-
tional ethics review boards of all participating study centers.

Study Procedures and Testing Methods

Upon enrollment, 2 cervical specimens were collected from all
participants using a Cervex™ broom-type brush (Rovers Medical
Devices, Oss, The Netherlands). The first sample was collected and
suspended into PreservCyt™ collection medium (Hologic) and the
second sample in SurePath medium (BD), as per the manufactur-
ers’ instructions. All cervical specimens were taken immediately
prior to colposcopic examination; these were couriered to the Pub-
lic Health Laboratory, St. John’s, N.L., Canada, for processing. Cy-
tology was performed using PreservCyt samples using the Thin-
Prep method (Hologic) as per the manufacturer’s instructions and
in accordance with standard operating procedures in a central lab-
oratory in Montreal. SurePath samples were processed via the Sure-
Path method likewise independently in a central laboratory in St.
John’s. For the Glucyte study, residual SurePath samples from 311
women were randomly selected. Slides were prepared as per Glu-
cyte protocol. Glucyte slides were read and interpreted indepen-
dent of ThinPrep and SurePath cytology and other test results in-
cluding HPV and histology. Researchers and their technologists
performing these tests were blinded to the results obtained in all
other tests including cytology, colposcopy, and histology.

ThinPrep, SurePath and Glucyte LBC

Histology

As part of the multicenter Canadian study, participating ob-
stetricians and gynecologists carried out colposcopy, and cervical
biopsies when warranted, on the day of patient enrollment as per
standard of care. In some cases, biopsies were taken in subsequent
follow-up visits, and in such instances histologic results on biop-
sies taken no later than 6 months following enrollment were in-
cluded in the study analysis. Histology results were obtained from
participating centers and accepted as the disease end point for
study purposes.

Statistical Analysis

The values of continuous parameters were calculated as means
+ standard deviation (SD). Pearson’s x* test was used for categori-
cal variables. The performance of Glucyte, ThinPrep, and SurePath
LBC was assessed based on a histological diagnosis of CIN 2+,
which served as the disease end point and gold standard, using
three cytology thresholds, atypical squamous cells of undeter-
mined significance (ASC), low-grade squamous intraepithelial le-
sions (LSIL), and HSIL. Sensitivity, specificity, predictive values,
and percent agreements were calculated using the conventional
contingency tables, and 95% confidence intervals (95% CI) com-
puted using exact binomial methods. McNemar’s x? test was used
to test the differences between sensitivities and specificities, as they
were calculated using the same set of samples. Receiver operating
characteristic (ROC) analyses were performed for Glucyte, Thin-
Prep, and SurePath LBC in detecting CIN 2+. Further, the area un-
der the curve was calculated for each test as an alternative single
indicator of test performance. All tests were two-tailed, and p<0.05
was considered statistically significant. All descriptive and inferen-
tial statistical analyses were carried out using the Statistical Pack-
age for the Social Sciences (SPSS), version 15.0 (Chicago, Il1., USA).

Results

The mean age of the 331 patients in this study was 31.2
(£10.4) years. There were 80 cases of histologically con-
firmed CIN 2+. Table 1 presents inferential statistics for
binary classification measures of the three tested LBC plat-
forms considering a cytologic diagnosis of ASC or worse
(ASC+) and histologic diagnosis of CIN 2+ as the end
point. The sensitivity of Glucyte for the detection of CIN
2+ was 86.9% compared with 81.9% for ThinPrep and
83.7% for SurePath, and the differences between the sensi-
tivities were not significant. In terms of specificity, Glucyte
showed a lower specificity at 49.2% compared with Thin-
Prep at 61.6% (p = 0.002) and SurePath at 66.9% (p <0.001).
Accordingly, the false positive rate for Glucyte was higher
at 50.8 versus 38.4% for ThinPrep and 33.1% for SurePath.
The ROC curve for Glucyte compared with ThinPrep and
SurePath in detecting CIN 2+ among the ASC+ cohort is
shown in figure 2. In this analysis, the areas under the
curve for Glucyte (0.685), ThinPrep (0.717), and SurePath
(0.754) were found to be similar (p > 0.05).
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Table 1. Comparison of Glucyte with ThinPrep and SurePath platforms in detecting CIN 2+ lesions using ASC+ cytology

Glucyte ThinPrep SurePath Glucyte vs. ThinPrep ~ Glucyte vs. SurePath
Sensitivity 86.9% 81.9% 83.7% 0.383 0.549
Specificity 49.2% 61.6% 66.9% 0.002 <0.001
False positive rate 50.8% 38.4% 33.1% - -
False negative rate 13.1% 18.1% 16.3% - -
Positive predictive value 37.2% 43.3% 47.1% - -
Negative predictive value 91.5% 90.5% 92.1% - -
Percent agreement 58.9% 67.0% 71.3% - -
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SurePath 0.754 0.030 0.694 0.813 SurePath 0.755 0.033 0.691 0.820

Fig.2.ROC curve for Glucyte compared with ThinPrep and Sure-
Path LBC in detecting CIN 2+ among ASC+ patients.

A similar analysis using a cytologic diagnosis of LSIL
or worse (LSIL+) with CIN 2+ serving as the disease end
point was performed. Similar to ASC threshold, this
showed no statistically significant differences between
the sensitivities. In terms of specificity, there was a sig-
nificant difference between Glucyte and SurePath (72.7
vs. 78.8%, p = 0.016) (table 2). The false positive rates
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Fig.3.ROC curve for Glucyte compared with ThinPrep and Sure-
Path LBC in detecting CIN 2+ among LSIL+ patients.

between the platforms were relatively comparable. The
ROC curve for Glucyte compared with ThinPrep and
SurePath in detecting CIN 2+ among the LSIL+ cohort is
shown in figure 3. In this analysis, the areas under the
curve for Glucyte (0.725), ThinPrep (0.702), and SurePath
(0.755) were found to be similar (p > 0.05).
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Table 2. Comparison of Glucyte with ThinPrep and SurePath platforms in detecting CIN 2+ lesions using LSIL+ cytology

Glucyte ThinPrep SurePath Glucyte vs. ThinPrep  Glucyte vs. SurePath
Sensitivity 69.0% 61.4% 70.9% 0.131 0.836
Specificity 72.7% 78.0% 78.8% 0.096 0.016
False positive rate 27.3% 22.0% 21.2% - -
False negative rate 31.0% 38.6% 29.1% - -
Positive predictive value 46.8% 50.0% 54.0% - -
Negative predictive value 87.1% 85.0% 88.5% - -
Percent agreement 71.8% 73.7% 76.7% - -

Table 3. Comparison of Glucyte with ThinPrep and SurePath platforms in detecting CIN 2+ lesions using HSIL+ cytology

Glucyte ThinPrep SurePath Glucyte vs. ThinPrep  Glucyte vs. SurePath
Sensitivity 40.5% 20.5% 54.7% 0.003 0.013
Specificity 93.8% 99.1% 94.3% 0.002 0.727
False positive rate 6.2% 0.9% 5.7% - -
False negative rate 59.5% 79.5% 45.3% - -
Positive predictive value 69.4% 89.5% 77.0% - -
Negative predictive value 81.9% 77.7% 85.6% - -
Percent agreement 80.1% 78.4% 84.0% - -

Considering a threshold of cytologic diagnosis of HSIL
or worse (HSIL+) with CIN 2+ serving as the disease end
point, Glucyte showed a sensitivity of 40.5% compared
with ThinPrep (20.5%) and SurePath (54.7%) for detect-
ing CIN 2+ (table 3), and these differences were signifi-
cant (p = 0.003 for Glucyte vs. ThinPrep, p = 0.013 for
Glucyte vs. SurePath). All three platforms showed speci-
ficities over 90%, with Glucyte showing a higher false
positive rate than ThinPrep (6.2 vs. 0.9%), but closer to
that of SurePath (5.7%). The ROC curve for Glucyte com-
pared with ThinPrep and SurePath in detecting CIN 2+
among the HSIL+ cohort is shown in figure 4. In this
analysis, the areas under the curve for Glucyte, ThinPrep,
and SurePath were 0.679, 0.594, and 0.745, respectively.
This indicated that Glucyte performed similar to Thin-
Prep and SurePath (p > 0.05). Figure 5 shows a compari-
son of the morphologic presentation of the three different
LBC modalities.

In this study, the rate of unsatisfactory specimens for
Glucyte was 1.2% compared to 4.8% for ThinPrep (p =
0.01) and 0% for SurePath (table 4). Statistically signifi-
cant differences were noted in the presence or absence of
endocervical components between the three methods
(p <0.05) (table 5).

ThinPrep, SurePath and Glucyte LBC

Table 4. Distribution of cytologic grades by Glucyte compared
with ThinPrep and SurePath Systems

Cytology grade  Glucyte ThinPrep SurePath

n % n % n %
Negative 130 393 158  47.7 178  53.8
ASC 69  20.8 52 157 36 109
ASC-H 7 2.1 2 0.6 9 2.7
LSIL 68 205 81 245 43 13.0
HSIL 49 148 19 5.7 59 17.8
AGC 3 0.9 3 0.9 4 1.2
Unsatisfactory 4 1.2 16 48 0 0
AIS 1 0.3 0 0 2 0.6

ASC-H = Atypical squamous cells - cannot exclude high-
grade lesion; AGC = atypical glandular cells; AIS = adenocarci-
noma in situ.

Discussion

With the emerging evidence suggesting that LBC is not
superior in disease detection over conventional cytology
methods in recently published data, the performance of
LBC will undoubtedly be challenged when considering es-
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Fig.4.ROC curve for Glucyte compared with ThinPrep and Sure-
Path LBC in detecting CIN 2+ among HSIL+ patients.

calating costs in the laboratory [6, 10, 13, 17]. Further, it has
been suggested that LBC is equivalent to HPV testing in
disease detection and others have advocated for adoption
of LBCin terms of a more efficient use of automated screen-
ing modalities [18]. It should be noted that unsatisfactory
smears account for a number of screening failures and are
a source of distress to women and a waste of resources [19,
20].Itisassumed that LBC decreases the unsatisfactory rate
by reducing the number of specimens that are inadequate
because of obscuring inflammatory cells and blood or be-
cause of inhomogeneous distribution or bad fixation of
cells [21, 22]. Another major benefit of LBC is the ability to
triage patients with ancillary testing of the remaining spec-
imen in the collection media. In the case of conventional
cytology the patients would need to be recalled for an ad-
ditional cervical sample for further testing such as HPV.
To the best of our knowledge, there has been no study
attempting to compare the different LBC platforms de-
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Table 5. Sample quality differences between Glucyte and Thin-
Prep and SurePath Systems

Quality criteria Glucyte ThinPrep  SurePath
n % n % n %

Endocervical cells present 310 93.7 274 82.8 324 97.9

Unsatisfactory 4 12 16 48 0 0

spite the obvious differences in specimen collection and
processing. In this study we compared the performance of
the Glucyte method, which is a lower-cost alternative to
existing LBC platforms such as ThinPrep and SurePath.
The Glucyte method is simple and has an automated prep-
aration platform which is amenable to large volume pro-
cessing. The resultant morphology is similar to the con-
ventional Pap and is like ThinPrep and SurePath not a
true monolayer. In the specimen collection, the collection
device is placed in the liquid media similar to SurePath
while ThinPrep relies on the individual collecting the
sample to rinse the collection device in collection media.

In this study we found a significant difference when
considering the quality indicators such as unsatisfactory
rates and presence of endocervical components between
the three platforms. These differences can be explained
when considering how the slides are collected and pre-
pared. The practice of discarding the collection device in
LBC has been shown to impact the transfer of cellular
material to the liquid media. This simple yet fundamental
difference represents a tremendous potential for loss of
diagnostic material and potential for differences in test
performance [23]. ThinPrep works on a filter-based sys-
tem where SurePath performs on a density gradient to
enrich cellular samples. Each method offers ‘clean’ slides
with proprietary methods for removing obscuring ele-
ments such as blood and inflammation. The ThinPrep
method has been noted to have some difficulty in han-
dling bloody samples as the filters become overwhelmed
with blood [24, 25]. This may be managed by reprocessing
following a rinse with acetic acid. This is likely what ac-
counts for the differences in satisfactory rates for the dif-
ferent platforms in this study (higher unsatisfactory rate
for ThinPrep compared with SurePath and Glucyte). Fur-
ther, when considering the method of collection in our
study, whereby the ThinPrep cases were collected first, it
is likely that, had the collection been randomized, there
would have been significantly more unsatisfactory cases
with the ThinPrep method.
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Fig. 5. Comparison of the morphologic presentation of the three different LBC modalities.

The diagnostic rates for the second collection (Sure-
Path and Glucyte) should have yielded more unsatisfac-
tory samples and false negatives. However, the perfor-
mance of each test is similar, with the somewhat surpris-
ing finding that the second collection with the SurePath
method was more sensitive. Further, other quality indica-
tors such as presence of endocervical cells were signifi-
cantly different between the two methods (ThinPrep and
SurePath). This difference was also seen in a study by Bi-
gras et al. [26], and would suggest that leaving the collec-
tion device in the media can contribute to a more rep-
resentative sampling of the transformation zone. This
would also have implications for the detection of glandu-
lar neoplasia; if the cells are present in the sample, there
is a greater likelihood that they will be detected. Our
findings show that there was a trend for Glucyte to detect
more significant glandular lesions similar to that of Sure-
Path compared with ThinPrep. However, the numbers
were too small to provide meaningful statistical analysis.
Other studies [23, 27] in assessing the utility of liquid-
based specimens in the diagnosis of endocervical glandu-

ThinPrep, SurePath and Glucyte LBC

lar lesions showed that large groups of crowded, overlap-
ping cells (estimated to be comprised of more than 20
cells) were seen less frequently in ThinPrep preparations
compared to SurePath and conventional smears.

In evaluating Glucyte, it should be noted that we uti-
lized compromised residual samples as the slides were the
third set to be prepared from a collection vial that was the
second collection in the study. On analysis, the specific-
ity rates for Glucyte differed significantly from those of
the other two platforms using various cytologic thresh-
olds. We believe that the main reason for this could be the
difference in ASC diagnosis (higher ASC diagnosis for
Glucyte). Although the reproducibility of ASC as a diag-
nosis is marginal at best, there was a technical issue with
some of the Glucyte samples. When the study was under-
taken, a proportion of the samples were already several
months old. In retrieval of these specimens, some were
noted to have been dry and were reconstituted. Cases
were not identified when reconstituted; however, on mi-
croscopic review an air drying artifact was noted, which
in retrospect was most likely an artifact induced by this
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technical consideration. Although the cases were not
identified, the dried samples represented approximately
10-20% of the entire study population and may account
for some of the additional ASC diagnoses in comparison
to the other LBC samples, resulting in reduced specificity
for the Glucyte LBC method.

Reproducibility of the histologic and cytologic diag-
noses, especially when considering a cytologic diagnosis
of ASC and a histologic diagnosis of CIN 2, is prone to
nonreproducible findings [28, 29]. With this consider-
ation, there is a potential for improper classification. For
this reason, we have separated the analysis to include
thresholds of ASC and HSIL with the histologic end point
of CIN 2+. It is interesting to note that there are signifi-
cant differences among the platforms in performance
when using different thresholds, suggesting a difference
in the methods. When considering ASC as the cytologic
threshold, the specificity of the Glucyte method is sig-
nificantly different from that of the other methods. This
is related to the increase in ASC diagnoses as discussed
above relating to technical considerations and may be a
result of specimens having been stored for more than 6
months. At the ASC threshold there are no significant
differences in the sensitivity of the platforms. Consider-
ing this is a colposcopy-based study, our findings cannot
be directly translated to the performance of these plat-
forms in population-based screening. Further study is
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