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ABSTRACT

Background: The introduction of the Pap test as a screening procedure to detect precancerous lesions has helped to reduce both the incidence and
mortality of cervical cancer. In order to improve the sensitivity, specificity of the Pap test there has been a shift from conventional cytology to
Liquid based cytology. A disadvantage of the Liquid based cytology is the high cost automated processing equipment. On the other hand, Manual
Liquid-Based Cytology is a technique that also enables cells to be suspended in a monolayer similar to Liquid based cytology and improves
detection of precursor lesions, specimen adequacy and also a cost effective strategy in limited resource setting. Objective: To compare the
diagnostic utility of Manual liquid-based cytology versus Conventional pap smear in cervical cancer detection on cervical smears. Materials and
Methods: In this prospective comparative study, 210 samples were collected for conventional pap smears and Manual Liquid-Based Cytology to
compare the two methods and to correlate with histopathological diagnosis where specimen was available. Results: The Manual Liquid-Based
Cytology showed sensitivity of 100% , specificity of 91.7% while conventional smears had sensitivity of 75% and specificity of 85.7%.The
diagnostic accuracy of Manual Liquid-Based Cytology was 98% and that of conventional method was 78% The p value was less than 0.005 in
Manual Liquid-Based Cytology (0.0001) and CPS (0.0001) methods considering histopathology as gold standard. Conclusion: This study
showed that Manual Liquid-Based Cytology has a higher sensitivity and specificity than conventional pap smears.
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INTRODUCTION

Cervical cancer is an issue of foremost importance globally,
specifically affecting the developing nations [1]. Cervical cancer is the
third common cancer in the world in females and second leading
cancer for death in women [2]. The burden of cervical cancer in India is
enormous, and it continues to remain a major public health problem for
women in India, afflicting Indian women-physically, psychologically,
socially and financially [3, 4] The introduction of the Pap test in the 20"
century witnessed a remarkable decline in the mortality from cervical
cancer in many developed countries and reduced the incidence of
cervical cancer especially in developing countries. However the Pap
smears has been reported to have low sensitivity, with a reported
estimate of false-negatives [5, 6]. The Possible sources of error
include variability among sample takers, cell collection techniques
employed, inadequate screening and errors in interpretation [7]. The
other causes of false-negative Pap tests include incorrect sampling,
absence of atypical cells due to poor fixation and/or overlapping,
obscuring haemorrhage and inflammation [7, 8, 9].

In order to improve the sensitivity, specificity, reproducibility and
improvements in sample quality there has been a shift from
conventional cytology to Liquid based cytology (LBC) with major
advances in LBC in the last 15 years [10]. ThinPrep and SurePath are
the two Food and Drug Administration (FDA) approved liquid-based
preparations used to obtain such smears [11]. The technique of LBC
allows the cells to be suspended in a monolayer (without any obscuring
blood, inflammation and overlapping of cells), allowing better
morphological assessment [12].

LBC allows for additional testing such as human papillomavirus
(HPV) DNA testing, other ancillary techniques like
immunocytochemistry and cell blocks which can be performed on the
residual sample, along with an added advantage of increased detection
of precancerous lesions when compared to conventional smears [13].
However, a disadvantage of the LBC system is the high-cost
automated processing equipment [14].0n the other hand, Manual
Liquid-Based Cytology (MLBC) is a technique that enables cells to be
suspended in a monolayer similar to LBC and improves detection of
precursor lesions and improvement of specimen adequacy [8]. MLBC
is an alternative more cost effective strategy in limited resource setting

[8].

In our present study we are endeavouring to study Manual method of
liquid-based cytology versus Conventional Pap smear.

MATERIALSAND METHODS
Prospective comparative study of 210 cervico-vaginal smear samples

collected from patients who attended the Gynecology outpatient clinic
at a tertiary care center for 2 years. Patients presenting with history of
white discharge per vagina, bleeding per vagina, post coital bleeding,
irregular menstrual bleeding and for routine cervical cancer screening,
were selected for the study after obtaining an informed, valid, written
consent from patients. Institutional Ethical Committee Clearance was
obtained for the study.

Pregnant females, age less than 20 years and diagnosed cases of
cervical cancer were excluded from the study.

Sample Collection/Processing-

Plastic Ayre's spatula and endocervical brush were used to obtain the
sample. Spatula was rotated against the ecto-cervix for a 360" to
include the transformation zone. Split sample method was followed
where the material on one side of the spatula and brush was smeared
onto glass slides for conventional smear preparation and fixed using
cyto-spray. The remaining material from the spatula was rinsed into a
bottle containing liquid fixative prepared in our laboratory for MLBC.
Liquid fixative was prepared using 0.5 gm of sodium chloride, 0.5 gm
of sodium citrate, 50 ml of 10% formalin and 50 ml of isopropyl
alcohol and glacial acetic acid in 100ml of solution. The processing of
slides were done as follows after 20-24 hours of fixation

Specimen sample was centrifuged at 2000 rpm for 5 minute
Supernatant was decanted and excess fixative was blotted

1-2 ml of polymer solution added to the sediment

Centrifuged at 1500 rpm for 10 min

A direct smear was made taking the sediment with the help of a
pipette onto a clean glass slide in circular movements which was
fixed with cyto-spray and dried overnight.

RPN

Conventional and MLBC smears were both stained with Papanicolaou
stain after fixing in alcohol for 2 hours. The smears were reported
according to the Bethesda system for reporting cervical cytology.
Sensitivity, specificity, positive predictive value and negative
predictive value was calculated for which histopathological
examination was done, considering histopathological examination as
the gold standard. Differences between conventional Pap smears and
liquid-based cytology were analyzed and associations of cytological
subtype by Bethesda system of classification were tested by kappa
statistics. A p value of <0.05 was taken as significant.

RESULTS
In our study we observed the age of the patient's age ranged from 21 to
70 years, with amean age 0of43.75+12.12.

The most common clinical presentation was white discharge per
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vagina (72 cases) followed by dysfunctional uterine bleeding (58
cases) and Post-menopausal bleed (34 cases) Of the 210 cases in our
study, the satisfactory smears obtained by the method of conventional
Pap smear were 196 cases (93.33%) and 14 cases (6.66%) were
unsatisfactory, and 205 cases (97.61%) using Manual Liquid-based
cytology were satisfactory and 05 cases (2.38%) were unsatisfactory
(Table 1)

Table 1: Adequacy of samples using CPS and MLBC

SMEARS CPS|PERCENTAGE MLBC|PERCENTAGE
SATISFACTORY  |196 |93.33 205  |97.61
UNSATISFACTORY|14 |6.66 05 2.38

TOTAL 210100 210 [100

The other morphological parameters used to compare MLBC and CPS
are as shown in Table 2. All the smears were reported according to The
Bethesda System of reporting cervical cytology (Table 3). Majority of
cases were NILM with inflammation at 52.85% and 51.42 % for
MLBC and CPS respectively

Table 2: Morphological parameters to compare CPS and MLBC
(210 cases)

MORPHOLOGICAL CPS MLBC

FEATURES

Cellularity Adequate 196 205
Inadequate |14 05

Cleanliness of Obscuring  |[Present in most
background factors noted |of the cases
Uniformity of Absent Present in most
distribution

Artifacts Rare Present in few/rare
Celullar Overlapping | Marked Mild

Absent
Clear/better observed

Architectural changes| Present
Nuclear changes Clear

Table 3: Distribution of cases according to the Bethesda System on
conventional Pap smear

The Bethesda System Frequency Percentage
Categories CPS MLBC
CPS MLBC
Unsatisfactory 14 05 6.66% [2.38%
NILM without inflammation |20 20 9.52% 19.52%
NILM with inflammation | 108 111 51.42% |52.85%
Atrophy 04 04 1.90% [1.90%
Trichomonas vaginalis 07 09 333% [4.28%
Candida 14 14 6.66% |6.66%
Bacterial vaginosis 00 00 - -
Actinomyces sp. 00 00 - -
Herpes simplex virus 00 00 - -
Cytomegalovirus 00 00 - -
ASC-US 03 01 1.42% [0.47%
ASC-H 02 00 0.95% |-
LSIL 10 13 4.7%  16.19%
HSIL 10 12 4.7%  |5.71%
Scc 16 19 7.61% [9.04%
Atypical glandular cells 00 00 - -
Adenocarcinoma 02 02 0.95% [0.95%
Other malignant neoplasms |00 00 - -
Total 210 210 100.00%]| 100.00%

Histopathological diagnosis based morphology was obtained in 50
cases, and were categorized as chronic cervicitis with squamous
metaplasia, (26.00%) Cervical intraepithelial neoplasia I (CIN I)
(18.00%), CIN II(8 .00%), CIN III (12.00%) , Squamous Cell
Carcinoma (32%), non-keratinising squamous cell carcinoma and
endometriod adenocarcinoma (2.00%)

In MLBC the histopathological diagnosis correlated with 49 cases and
1 case was discordant. In CPS the diagnosis correlated with 44 cases
and 6 cases were discordant (Table 4). We identified 12 cases as
chronic cervicitis with squamous metaplasia and with MLBC 11 cases
correlated with biopsy findings. Category of CIN I had 10 cases on
histopathology and all cases correlated with MLBC, while 06 cases
correlated with CPS findings.

Table 4: Histopathological correlation seen on CPS and MLBC

smears.

HISTOPATHOLOGICAL|CPS MLBC
CORRELATION

YES 44(38%) 49(98%)
NO 06(12.0%) 01(2.0%)
TOTAL 50 50

In the category of CIN IT and CIN III total of 10 cases were obtained, of
which all cases correlated with MLBC smears and using CPS 05 cases
correlated with biopsy findings.

A total of 17 cases of squamous cell carcinoma (keratinising and non-
keratinising) were diagnosed on biopsy and all correlated with MLBC
smears. While 15 cases correlated using CPS.

Manual liquid-based (MLBC) method was found to have a higher
sensitivity (100%) and specificity (91.7%) in diagnosing lesions than
conventional smears which had sensitivity (75%) and specificity
(85.7%).The diagnostic accuracy of MLBC was 98% and that of
Conventional method was 78%. The p value was less than 0.005 in
MLBC (0.0001) and CPS (0.0001) methods.

DISCUSSION

Sampling is the corner stone for cytology and especially true for
cervical cytology, Manual Liquid-Based Cytology (MLBC) could be
the most appropriate choice to reduce sampling errors and presumably
transfer all the cellular material avoiding heterogeneity problems [1, 8,
15]. Inour study of MLBC, the samples were collected and processed
in a similar way to studies done by Nandini NM et al, and Maksem et al
[8, 16]. Age group in our study varied from 20 to 70 year, which was
similar to the studies done by Bukhari et al and Jena etal[ 17, 18,].The
most common clinical presentation in our study was white discharge
per vagina similar to the studies done by Verma et al and Bal etal[17,
19,20].

The number of satisfactory smears were increased by method of
MLBC (97.61%) compared to CPS (93.33%) which was concordant
with studies done by Nandini et al which showed a result of 99% for
MLBC and 91% for CPS, Sherwani et al also showed similar results [8,
21]. The better smears on MLBC was due to the method of specimen
collection in a preservative solution and rinsing of the sampling device
in a liquid fixture which helped the entire sample to be captured into the
vial, hence the cellular structure was better preserved as the cells were
immediately fixed. All drying artefact and cytolysis was almost absent
or minimal using MLBC because of immersion of cells into liquid
fixative and specimen adequacy was greatly improved wihtout
limiting factors like contaminating mucus, red blood cells, bacteria,
yeastand inflammatory cells [11,21]. (Figure 1a, 1b)
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Fig 1 a: 4x view of MLBC smear showmg better cellular
morphology and no obscurmg factors
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Fig 1b: 4x view of conventional Pap smear, morphology of cells
obscured by hemorrhage
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Most of the unsatisfactory smears on CPS (6.66%) were due to scant
cellularity, presence of blood and mucus, too thick a smear with
inflammation obscuring cellular details [1, 8, 22]. The unsatisfactory
smears of MLBC (2.38%) haziness obscuring the cellular details (cells
entrapped into the polymer membrane of the preservative solution due
to inadequate rinsing), and presence of folded cell borders which was
similar to the studies done by Moosa NY etal and Bollmannetal[l, 9].

Both methods were efficient in detecting infectious agents, we
obtained a result of 10% using CPS and 10.95% using MLBC .Similar
findings were reported by Nandini NM et alin which CPS showed 9%
and MLBC showed 15% [8]. The organisms were better observed on
MLBC than CPS because of the cleanliness of background and
reduced number of inflammatory cells. (Figure 2 a, 2b)

The number of cases diagnosed as ASC-US in our study was 1.42% on
CPS and 0.47% on MLBC similar to the studies by Khaniki et al The
ambiguity of diagnosing cases as ASC-US was decreased on MLBC
owing to better morphology and reduced architectural changes of the
cells [7, 22]. In the category of ASC-H no case were diagnosed using
MLBC and 0.95% cases were diagnosed on CPS.

Increased detection of cellular abnormalities by LBC method depends
on many factors like adequacy of sample, and type of sampling like
whether direct to vial or split sample method was followed. The main
limitations of split-sample method which we followed in our study to
compare MLBC and CPS had a decreased rate of endocervical cells on
MLBGC, as the procedure was carried out on the residual sample on the
spatula and cervibrush, which is also discussed in studies by Rosenthal
DL et al and Stabile et al [23, 24]. This limitation of split-sample
method can be overcome by direct sampling method or collecting the
sample for LBC in liquid medium [15].

In the category of LSIL, MLBC detected 6.19% compared to CPS
which detected 4.7%. (Figure 2 a,b). MLBC detected 5.71% in the
HSIL category while CPS detected 4.7% (Figure 3). Similar
observation was shown in study done by Sherwani et al in which
MLBC detected 18.1% and CPS detected 36%. However there was not
much difference in detection of HSIL by two methods [21]. The cases
of Squamous cell carcinoma (keratinising and non-keratinising)
(Figure 4) diagnosed in our study using MLBC was 9.04% compared
to CPS which was 7.61%. Many studies concluded that in diagnosing
malignancies CPS was comparable to LBC and not much of
statlstlcally51gn1ﬁcant difference wasnoted [8, 19,21].
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Fig 3: 40x view of MLBC smear showing HSIL
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Fig 4: 40x view of MLBC smear showing squamous cell carcinoma

Under the category of CIN I, II, and IITI MLBC had 100% correlation to
biopsy findings whereas CPS had correlation of 60% for CIN I, the
cases which did not correlate on biopsy were diagnosed as
inflammatory and HSIL on smears. In diagnosing CIN 11, and CIN III
CPS had 50% correlation, discordant cases were diagnosed as
inflammatory and LSIL on smear. In diagnosing malignancies MLBC

had 100% correlation compared to CPS which had 88.23%, discordant
cases were diagnosed as HSIL on smears because of drying artefact,
which was similar to study done by Sherwanietal [21].

The sensitivity of MLBC was 100% and specificity was 91.7% while
CPS had sensitivity of ~ 75% and specificity of 75.7% which was
similar to the studies [Table 5]. A single case reported as ASC-US on
MLBC in our study was diagnosed as inflammation on biopsy
probably due to the better cellular details and nuclear enlargement seen
on smear, which was similar to study done by Kavatkaretal [11].

The diagnostic accuracy of MLBC was 98% and CPS was 78%, which
was similar to study by Kavatkar et al' in which they found a higher
diagnostic accuracy and significantly lower error rates using method of
MLBC than CPS[11].

Table 5: Comparision of rates of Sensitivity and Specificity of
various study and present study

Authors Sensitivity (%) Specificity (%)

LBC CPS LBC |CPS
Abulafia et al (2003) 76 68 86 79
Sherwani et al (2007)  |97.6 53.7 50 50
Behtash et al (2008) 83 66 98 86
Khaniki M et al (2008) |83 66 98 33
Nandini NM et al (2012) | 100 75 100 |50
Verma K et al (2014) 80 52 99 98
Present Study 100 75 91.7 |85.7
CONCLUSION

MLBC method has advantages over CPS in diagnosing cases because
of the well fixed samples leading to better morphology of cells, better
uniformity in distribution, and absence of obscuring factors like blood
and inflammation with an addition of shorter screening time.

Also the sample collected for MLBC can be used for
immunocytochemistry and HPV DNA testing if required. In
developing countries, MLBC is a cost effective alternative to the
expensive automated LBC equipment. MLBC is a comparable
effective test to CPS, keeping in mind the time taken for sample
processing, it can be considered as an adjunctive to CPS, especially in
doubtful cases with the need of better cellular and nuclear
morphological assessment, leading to precision in diagnoses and
triaging patients accordingly for treatment with reduction in the
burden of morbidity and mortality due to cervical cancer.
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