A comparison of two strategies that detect human papillomavirus in
ThinPrep cytology samples - a preliminary study.
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FAbS trzacy

It order 10 evaluate the clinical use of the polymerase chain reaction
(PCR) and Hybrid Captare I (HC-I) for the detection of genilal
human papillomavirus (HPVY in liquid based eytelogy (ThinPrep)
samples, & sample of 40 pationts who attend rowtine cervical cancer
screening were randomiy recruited. HPYV DNA was detectable among
the cohort of 40 patients undergoing cervical cytology screeming by
the PCR and HC 1 in 57.5% (23/40) and 40.0% (16/40) respectively,
The overall concordance was 77.3% and HC-H sensitivity and
specificity versus PCR were 65.2 % and 94, 1%, PCR sensitivity and
specificity versus HC-IL were 93.8% and 66.7%. For sample with
nermal cytology, the agreement between both assays was 70.8%.
Sensitivity, specificity, positive predictive value and negative
predictive value of the HC-I test were 41.7%, 100.0%, 100.0% and
63.2% respectively. For samples with abnormal cytology, the level of
agreemerd was §7.5%. Seasitivity, specificity positive predictive value
and negative predictive value of the HC-11 test were 90.9%, 80.0%,
90.9% and 80.0% respectively. The results of PCR and the 1MC-1
assay indicated good reproducibility. For sample with abnormal
cytology, the congordance was good and resulting in substantial
reproducibility.
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it oductiony

Genital human papillomavirus (HPV) infection 1s causally
associated with cervical cancer, a lending cause of cancer-
refated mortality in women worldwide, Infection with high risk
type is the single most impeortant risk factor for
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cervical intraepithelial neoplasia.'”  Traditionally, the
screening for cervical cancer is based on the nunually prepared
Pap smear. The sensitivity and specificity depend on the skill of
the observer. 1n order to enhance the sensitivity for detecting
cervical cancer. the fluid-based ThinPrep method {(Cytyc
Corporation, USA) and the nucleic acid based assay have been
deveioped.” The ThinPrep methed can improve cytologic
diagnosis of precancerous lesions compared with the
conventional Pap method.” The commercially avaifable Hybrid
Capture 1} {HC 1D (Digene Corporation, USA)Y and polymerase
chain reaction {PCR) methods using various primer pairs are
validated and available for routine use The PCR assay can
distinguish most of the pathogenic types of HPV whereas the
HO-11 can only differentiate between 13 high/intermediate risk
and 3 low risk HPV types.” The PCR methods are based on the
amplification of HPY DNA. Two amplification methods can be
used, The first is the use of type specific DNA primers which
can detect the specific types of HPV. Second, the amplification
gan be carried out by using consensus primers where different
HPYV types can be detected by a pair of primers. The consensus
primers system has been validated oxtensively. The most
COMMOR CONsensus primers systems are GP3+/6+ PCR, SPF1/2
PCR and MY09/11 PCR.® The SPF1/2 system has the highest
analytical sensitivity among these systems.” In this study,
GP5+/6+ PCR and SPF1/2 POR were used.

PCR has been the "gold standard” techmigque in HPV diagnostic. The
sensitivity and specificity is very high. However, it is technically
demanding and requires vigorous contamination controls, In order to
avold cross comtamination, we strictly followed the uni-directional
workflow of PCR procedure which bad separate room for DNA
master mix preparation, DNA extraction and amplification of DNA.
Positive control and negative control were included in cach run to
safeguard the validity of results,

To evaluate the usefidness of HPV PCR and HC-11 a8 a screening tool
from ThinPrep® cytology specimen in Hong Kong, both assays were
performed in a clinical study comprising 40 women.  Results
obtained by the HC-H assay were compared with a PUR
amplificasion strategy which included type specific and consensus
PCR primer systems,



The study population consists of 40 Hong Kong Chinese womart aged
between 29 1o 57 vears (mean 42.9 yoars, median 42 years, 6 patients
<35 years, 34 patients = 35 years).

The cervical broom was used to collect specimens for Hguid based
cervical cviology and PV DNA testing.  Specimens were placed
directly into PreservOyt fixative vial (Cytye Corporation, USAY A
ThinPrep (Cytye Corporation, USA) cytologic preparation was
HPV DNA testing of the

remaining aliquot of the fixed specimen was done by using HC-H "

produced freme the PreservCyt vial,

IINA extraction of the remaining luid based cviclogy specimen
fatlpwed by PCR were performed after HC I was done. Both high
risk HPY probe (16, 18, 31, 33, 35, 45, 51, 32 and 56) and low risk
HPV probe (6, 11, 43 and 44) for HO-H were carried out according w

the manulaciurer’s protocol,
@vcolouicalievaliiation]

ANl ThiPrep” cyrological smears were sereened and classified
according tw the Bethesda 2001 nomenclature and reporting of

gynecologic evinlegy resulis.

TP dlstiectiiom By RCIR

T analyze the cervical scrapes by type-speeific and general prinwer
PCR, 3 mt of PreservCvi fixative solution containing cervical serapes
was extracted alter the standard Proteinase K-Phenol Chioroform
treatment. The purified DNA solution was precipitated with absolute
cthapod and dissolved in 10008 distificd water. 10p! of the extracied
DNA was used Tor type specitic PCR as deseribed by van den Brule
etal” The type spevific PCR conststed of two separate tubes which
could detect HPV 6, 16, 33 and HPV 1, 18 31 respectively, The
general primer GPS4+6+ which span a region ol 140 10 130 bp from
the L1 open reading frame of a broad spectrum of HPV genotypes
were used.” The second gencral primer PCROSPEFU2 with higher
sensitivity which amplified 63bp product was performed for negative
GPS+6+ result,”

beta-actin PCR was performed for all PCR with negative results as an

To assess the quality of extracted DNA, human
internal quality control measure 0 make sure that the negative
reaction was not due to sample DNA degradation ov the presence of

PCR inhibitors.

Statisticattanly

Eh

Agrecment was measured by both Cohen's kappa statistic and
absotute agreement.” Approximate 95% confidence intervals (Cls)

were compuied.

Resultsy

In primary scregning, HPY DNA was detectable among the cohert of
48 wormen by the PCR and MO 1T in $7.5% (237407 and 40.0% {16/40}
respectively, The concordance between the two tests is shown in
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Table 1. The two tests pave concordant results for 15 positive
samplies and 16 negative samples. The overall level of agreement was
T7.5% (Kappa (&) = 0.563, 95% C1, 034081, and HC-H sensitivity
and specificity vs. PCR O were 632 % and 94.1%. The positive
predictive value and the negative predictive value were 93.8% and
66.7% respectively,  PCR sensitivity and specificity vg HU- were
93 8% and £6.7%, Amang the samples with discrepant results, 8 were
positive by PCR but negative by the HO 1 assey, whereas | sample
were HC T positive bat PCR negative,

Table 2 sununarizes the separate evafuations for women with normat
and abnormal ovielogy, The wvalues werce shightly different. For
sarple with normal cyiodogy, the agrecment between both assays was
T8% (Kappa {4 0417, 95% CL 0.03-0.78). Sensitivity,
spegificity, positive predictive value and negative predictive value of
the MEC-H test were 41.7%, 100.0%%, 100.0% and 63.2% respectively.
For samples with aboormal eytology, the level of agreement was
R7.5%. Sensitivity, specificity positive predictive value and negative
prodicove value of the HO-TT st were 90.9%, 80.0%, 90.5% and
BO0% respectively.

Table 3 summarizes the resubs of HPV DNA detection in relation to
Pap ssmear abnormalities. OF the patients classified as negative for
intracpithelial lesions, HPV was detected in 30.0% of the samples by
cither or both of the tests. In general, the rate of detection ingrewsed
in paratlel with the increasing severity of the cysological abnormality,
with the rate nereasing up to 100 % in LG3Hs, However, the rate of
detection devreased to 50%; in HGSIL. It was due o the HPV DNA in
one HGSIL sample (50%) was missed by PCR and only HC H could
detect it

ThinPrep Pap tests showed 60.0% normal smears {2440}, 20.0%
ASCUIS €840y, 15.0% LOSIL (60405 5.0% (2/40Y HGSIL and o
squamouns coll carcinoma was detected.

(Y isCHSSiOnS

I recent yomrs, HPV DNA testing is becoming part of an
established triage strategy after cylological screening with liguid
based cytology matertal. In general, the resalt of HC-T s similar to
the welb-established PCR system, although the sensitivity of PCR was
stightly better. 1t can detect more HPY in normal and ASCUS
eytology samples. The overall agreement with POR resudts of 77.5%
was oblaimed.(Table 1) The result was slightly lower than the
previous studies (91.7%) which wtilized bath type specific PCR
primer sysiem and consensus primor system MYt may be
due fo the small sample size in the corrent study that limited the
statistical power to the test.  Besides, the use of SPF1/2 primer
system may fower the concordance as the primer system has higher
analytical sensitivity than that of HC-H, whick was supported by our
results in the current study (Table 3). Several research groups had
reported that the agreement of HO-I and PCR was good, with the
level of agreement being greater than 80%." ™' When comparing
HPV test result in nosmal and abnormal oytedogy, different fovels of
agreement a5 well as the sensitivity were observed {Table 2). The
concordance (70.8%) was fower among women with normal eviology
than those of abnormal cytology (87.5%). This is in agreement with
the findings of Ventaroh ot al,” who observed PCR and HO-II



assays showed good agreerment for the detection of high-grade lesion
(73%) but substantial disagreement for the detection of low-grade
lesion (44%0) and normal women (50%), In view of the lower
detection sepsitivity of HC-II for HPV as compared with PCR in
women with normal or low grade lesion, a negative HC-TI vesult
should not be construed as a true negative HPV detection in the
Thin'rep cyvtology samples.

Our study s in accordance with the previous finding that high risk
FIPY positivity is correlated with the degree of abnormal cytologicat
results.™ 7 I our study, HPV can he detected in women with normal
cytology. The HPV prevalence in women with normal eytology by
the use of PCR and HC-IT are 50.0% and 30.8% It is noteworthy that
fhe subjeets In our study wers not young, with a mean age of 42.9
years and only 15.0% aged less than 33 years, The chance of getiing
fransient HPV infection in young women s low. The prevalence
caleutated from HO-IF was in acvordance with Venturoli et al.™ who
reposted  21.3%  prevalence n women with normal cytology.
However, the prevalence caloulated from PCR was higher than
expected. [v suggests that PCR detects more HPY posttive smears
than the HC-H assay in smears in which no cywlogical abnormality
can be detected. It can be attributed o the high analytical sengifivity
in PCR assay that can detect latent HPV infection as well as a
broader spectrum of pathogenic HPV types. The PCR assay used in
this study may disclose HPY infection at a very early phase. It 15
soteworthy that the discrepant result of cyvtological diagnosis and
HPV testing is not upcommen. One should carefully consider the
targer populations and the ape groups tested. Previous study had
shown that the HPY detection rates are different between sexually
ransmitted  disease clinic and clinic fer routine gynecological
sereening.™ " Furthermore, difference in age group also affects the
period of HPV infection. It is becanse transient anogenital HPV
infections are common in young, sexually active women” The
majority of frangient anogenital HPV infection will net develop into
persistent infection, and only the persistent mdection of high risk
HPV may eause inteaepithelial lesions.” Thus, the detection of HPY
DNA docs not increase the risk for cervical cancer.

In the present study, only samples with high risk HPV have abrormal
eytology stears, In screening for high grade lesions, the estimated
sensitivities {0y the detection of high risk HPV types have been 50%
by both PCR and HC-I assay ¢high risk probe). Both assays fail 1w
detect HSILs in 1 of 2 samples by HC-IT high risk probe or type
specific PCR. However, it showed positive result by HC-1I low risk
probe, The failure of PCR amplification may due o insufficient DNA
teraplate. Previeus study also indicated that HPV typing of HC-I s
influenced strongly by the cellularity of the specimens.” Samples
with scanty cells may lead w false negative results. Kokuala et al.
reported that the false negative results were due to low copy number
of HPV DNA and deficient sample quality,” which was supported by
other similar studies.” ™™

Although the combination of SPF1/2 PCR and GP5+/8+ PCR is able
1o detect wide range of HPV infection, HPV 1ype 57, MMd, MM7.
MME, PAP155 and PAP 291 can only be detected by using MYOR/ 1L
PCR. The HPV PCR can be further mmproved by incorporating a
separate MY09/11 PCR,

In conclusion, the results of PCR and the HC-H assay were
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concordant for 77.3% of samples which indicated good
repractuctbility. For sample with abrormal cytology, the concordance
was 87.5%, resulting in substantial reproducibility. The sensitivity of
POR is better than HC-IL On the other hand, the specifioity of HC-1I
is better than PCR. The HC-1T is technical well designed and easy to
perform. Although the sensitivity of PCR is excellent, it requires
carefully conirofled taboratery environment and skillful technologist
toe perform the test.

Table 1, Comparison between PCR and HC-IT on 40 samples

HPV-DNA test® PCRA+ PCR - Total
HEC-H -+ 135 1 16
HC-11 - ] 16 24

Total 23 17 40

¥+, positive result: -, nogathve result

Table 2. PCR and HC-I1 results for women with normal and abnormal
cytolagy.

PCR+ BPCR -~ Total
Cytotogy normal
HC-I + s 0 5
HCAIT - 7 12 19
Total 12 12 24
PCR+ PCR - Total
Cytology
abnormal
HC-H -+ i i 11
HC-H - ! 4 5
Torat 11 5 i

* -+, positive result; -, negative resuft



Tabie 3. Correlation of HPV detection with ¢ytological abnormalities in ThinPap” smears

HPV profile |

i

No. (%) of samples with the following cytological gradet:
Normal ASCUS LGSIL HGSH. Cancer E Totat
PR+, HC2v 5@208) 3675 600 1 (50%) 0 (0) is
PCREHCZ- | 7(29) 1(12.5) } 0(0) 0.(0) o) 1 .
PCR- HCZ+ | 0(0.0) 0 (0.0) | 0(0) 1{50%) 0 (0) § 1
R e e 4 50m 00 0 (0) TON 16
Total I 24 8 6 2 20

¥+, positive result; -, negative result
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TASCUS: atypical squamous cells of undetermined significance;

LGSIL: Jow srade squamaous intracpithetial lesion; HOSTL: high

grade squamous intraepithelial lesion.
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