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Abstract
High-risk human papillomavirus (H-HPV) infection is strongly linked to cervical neoplasia but its
role in detecting glandular lesions is unclear. In the cervix, carbonic anhydrase IX (CA-IX) is
expressed in cervical neoplasia, but rarely in the benign cervix. The diagnostic utility of these
biomarkers was evaluated in women with a cytologic diagnosis of atypical glandular cells (AGC).
H-HPV was detected using Hybrid Capture 2 (HC2) in liquid based cytology and CA-IX
immunoreactivity was studied on conventional Pap smears. Of 403 patients, 111 (28%) were
positive for significant cervical lesions (SCLs) including CIN2, CIN3, adenocarcinoma in situ or
invasive carcinoma. CA-IX testing alone (n=403) had a sensitivity of 75%, 95%, or 65% for
SCLs, significant glandular lesions (GLs) or squamous lesions (SLs), respectively, with a
specificity of 88%, and a false negative rate (FNR defined as one minus negative predictive value)
of 10%. Testing for H-HPV (n=122) had a sensitivity of 97%, 100%, or 96% for SCLs, GLs or
SLs, respectively, with a specificity of 87%, and a FNRof 1%. The combination of CA-IX and H-
HPV testing (n=122), collectively, had the same sensitivity, specificity and FNR for SCLs, GLs or
SLs as H-HPV testing alone. The conclusions of this study are that both H-HPV and CA-IX
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testing are useful diagnostic markers for GLs. However, H-HPV testing is a better diagnostic
marker for SLs. The combination of CA-IX with H-HPV testing does not improve the diagnostic
accuracy for cervical neoplasia in women with AGC diagnosis over that of H-HPV testing alone.
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INTRODUCTION
In the United States (U.S.), an estimated 11,070 new cases of cervical cancers will be
diagnosed and 3,870 women will die from cervical cancer in 2008.1 Although a majority of
these cases are squamous lesions, the proportion of adenocarcinomas relative to squamous
cell carcinomas is increasing, and current cervical cytologic screening fails to detect a
significant proportion of glandular lesions.2

Unlike squamous lesions, the cytologic criteria for identifying glandular neoplasia are not
well established. To better classify these abnormalities, the term atypical glandular cells of
undetermined significance (AGUS) was introduced in the 1988 Bethesda System (TBS). In
1991, AGUS was qualified according to the possible anatomic site of origin, endocervical
versus endometrial.3 The 2001 TBS replaced AGUS with the term atypical glandular cells
(AGC) and classified glandular cell abnormalities less severe than adenocarcinoma into
three categories: AGC of unclear cell origin, atypical endocervical cells (AEC), and atypical
endometrial cells (AEMC).4 However, in clinical practice, sub-categorization of the AGC,
particularly in the category of AGC/AEC remains a diagnostic challenge with poor
interobserver agreement.5 In patients with AGC, the rates of CIN2 or CIN3 (high grade
squamous intraepithelial lesion or HSIL) and adenocarcinoma in situ (AIS) range from 5–50
% and 0–15 %, respectively, with rates of invasive carcinoma of up to 10 %.6–9 The Society
of Gynecologic Oncologists has urged more aggressive evaluation of patients with a
diagnosis of AGC because of the relatively high (mean, 41%) proportion of women who
eventually are found to harbor high grade cervical neoplastic lesions.9

The clinical management of AGC is also limited by the relative lack of accuracy of
colposcopy and endocervical curettage for excluding cervical glandular neoplasia.
Significant lesions, including invasive carcinoma, may exist in patients after negative
colposcopy and endocervical sampling.10 Although AGC diagnosis only represents a small
fraction (approximately 0.5%) of total Pap smear diagnoses, its association with significant
underlying cervical lesions has posed a particular dilemma in clinical management, both
from a cost-benefit standpoint and from a desire to avoid unnecessary invasive procedures.
11,12 An accurate screening method or test is needed to determine which women with a
cytologic diagnosis of AGC harbor a significant cervical lesion.

In the 1990s, the antigen MN was identified.13 MN is a transmembrane glycoprotein, is a
member of the carbonic anhydrase gene family, and has been given the designation,
carbonic anhydrase IX (CA-IX).14 CA-IX is a biomarker of several human tumors,
including carcinomas of the cervix and kidney.15,16 CA-IX expression in cancerous tissues,
and its absence in normal counterparts, has led to the speculation that it plays a role in
carcinogenesis.17 Its expression is controlled by the transcription factor, hypoxia inducible
factor-1 (HIF-1), and is up-regulated in hypoxic regions of tumor tissues. CA-IX expression
has been associated with a poor prognosis in cervical and breast cancers.18,19
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In a survey of benign and neoplastic cervical tissues and Pap smears, it was observed that
virtually all AGC associated with AIS and adenocarcinoma expressed high levels of CA-IX
antigen whereas endocervical cells derived from benign cervical tissues were negative,
suggesting that CA-IX protein would be a useful biomarker for diagnosing AIS and invasive
adenocarcinoma.6,15,20

Infection with human papillomavirus (HPV) is an etiologic factor for both glandular and
squamous cervical cancer. HPV has been identified in 80 to 90% of adenocarcinomas and
their precursor lesions; however, there are only limited data regarding the role of HPV
testing in the detection of glandular neoplasia.12,21–26

Thus, the Gynecologic Oncology Group (GOG), a national multi-institutional clinical trials
group supported by the U.S. National Cancer Institute, conducted a study of women with a
cytologic diagnosis of AGC. Twenty five institutions in the U.S. participated (identified in
the Acknowledgements). The objective of this study, GOG protocol #171, was to determine
if CA-IX expression in a conventional Pap smear is a diagnostic biomarker for a significant
cervical lesion in women with a cytologic diagnosis of AGC, and to explore the diagnostic
value of HPV testing alone or in combination with CA-IX.

Materials and methods
GOG protocol #171 was initiated in 1998 when the criteria of AGC diagnosis for patient
enrollment was based on the 1991 TBS classification and the conventional study Pap smears
were used. HPV testing in a liquid based cytology specimen was added as a study
amendment in 2003 and the protocol was closed for accrual in 2005.

Patients
Women over the age of 18 years, with a referring diagnosis of AGC who were expected, on
a clinical basis, to undergo complete histologic evaluation of the cervical transformation
zone were enrolled. Patients with a history of endometrial hyperplasia and/or carcinoma of
the uterine corpus, cervix and vagina; prior or concurrent chemotherapy and/or radiation to
the uterine corpus, cervix and vagina; or HIV infection were excluded. Informed consent
consistent with federal, state, and local requirements was obtained prior to enrollment. Prior
to activation, the protocol was approved by the National Cancer Institute, Division of Cancer
Prevention, and the GOG Human Research Committee, and annually by the Institutional
Review Board (IRB) at each of the participating institutions.

Primary end point and clinical management
The primary end point of the study was complete histologic evaluation of the cervical
transformation zone within six months of the initial cytologic diagnosis. H&E stained slides
of the most abnormal lesions from each diagnostic procedure were reviewed centrally by
teams of two pathologists from the GOG Pathology Committee, who reached a consensus
diagnosis. Disparities were arbitrated by a third GOG pathologist. Evaluation of the entire
transformation zone was required to make a negative diagnosis but not to make a positive
diagnosis. A positive diagnosis, coded as a significant cervical lesion (SCL), reflects the
presence of CIN2, CIN3, AIS or invasive carcinoma. A negative diagnosis represents the
absence of SCLs and includes CIN1 and atypia. Atypia is defined as glandular and
squamous lesions in which cellular atypia falls short of AIS and CIN1. The significant
lesions were restricted to the cervix and there was no case of vaginal dysplasia/neoplasia
without the coexisting cervical lesions identified in the study. Cases with neoplasia detected
in tissues outside of the cervix, where the cervix was histologically confirmed as benign,
were classified as negative.
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Patients received colposcopic examination, cervical biopsy, endocervical curettage and/or an
endometrial biopsy as clinically indicated, as well as either LEEP cone biopsy of the cervix
with an endocervical curettage, a cold knife cone biopsy of the cervix with/without an
endocervical curettage or a hysterectomy within six months of the initial cytologic diagnosis
of AGC. An endometrial biopsy or curettage was obtained in all perimenopausal and
postmenopausal women, as well as in all patients with a negative cone biopsy of the cervix.
Patients with a negative diagnosis after the cervical cone biopsy but not undergoing a
hysterectomy were to be followed by the relevant referring gynecologist or family physician
during regular visits with routine Pap smear screening every six months for two years.

Pap smear and liquid-based cytology (LBC) specimens
A spray-fixed conventional study Pap smear was prepared before collecting a LBC
(ThinPrep, Cytyc/Hologic, Marlborough, MA) specimen. Both specimens were collected
using a spatula and cytobrush and were collected before surgical procedures were
performed. Each Pap smear collected from all patients enrolled in the study was tested for
CA-IX protein expression. All cases of immunostain were manually performed in Dr.
Stanbridge’s Laboratory at the University of California, Irvine. The presence of high-risk
HPV (H-HPV) DNA in a LBC specimen, collected from 2003, was detected using the
Digene Hybrid Capture II (HC2) system (Digene Corp., Gaithersburg, MD) at the University
of Oklahoma Health Sciences Center.

Detection of CA-IX in a conventional study Pap smear
CA-IX testing was performed in conventional study Pap smears using the anti-CA-IX mouse
monoclonal antibody, M75, as described previously.6,15,20 Specific immunohistochemical
staining was defined by the presence of a brown reaction product on the plasma membrane
under 40X magnification. Faint staining of the cytoplasm was considered negative.
Cytologic criteria for atypical cells, delineated in the Bethesda System classification, were
used in the diagnostic classification.27 Immunostaining was scored as positive (pattern A
and B) and negative (pattern C and D) based on the staining intensity (strong versus weak/
negative) and immunoreactive patterns (diffuse versus focal). Strong positivity was defined
as when the dark brown immunoreactivity was easily identified at a low power
magnification (4X or 10 X). The diffuse staining pattern was defined as when more than
50% of the atypical cells or normal endocervical cells in the smear showed
immunoreactivity to CA-IX. The patterns A, B, C, and D were defined as: A) when
individual atypical cells and/or cell clusters showed specific immunoreactivity, that was
either diffuse or focal; B) when normal looking endocervical cells exhibited focal or diffuse
strong specific positive staining; C) when the normal endocervical cells showed focal but
weak staining and; D) when there was nonspecific faint cytoplasmic positivity or lack of
staining observed at 40 × magnification (Fig. 1). A set of teaching smears with samples of
known negative and positive CA-IX immunoreactivity was provided by one of authors
(SYL). After the training session, the CA-IX immunostained smears were evaluated and the
interpretation in each case was recorded independently by three cyto/gynecologic
pathologists (SYL, WHR and TAB) without the knowledge of histologic diagnosis. Any
case with a different interpretation of immunoreactive patterns (A, B, C and D) was
considered to be a discrepant case. All discrepant cases were reviewed simultaneously by
three study pathologists, using a multi-headed microscope. A consensus was obtained when
at least two of the three study pathologists reached agreement. The results of the consensus
were recorded as the final score for each patient in the study.

Detection of high-risk HPV DNA in liquid-based cytology (LBC) specimens
Each LBC specimen was prepared in 20 ml of the PreservCyt Solution (Cytyc/Hologic,
Marlborough, MA) and the presence of H-HPV DNA in at least 4 ml of the LBC specimen
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was evaluated. The specimens were tested for the presence or absence of H-HPV types 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 with the Digene HC2 system, according to
the manufacturer’s protocol. This test does not distinguish between the different H-HPV
types.

PCR-based HPV genotyping
The majority of specimens tested for the presence or absence of H-HPV with the HC2
method were also genotyped using the Roche LINEAR ARRAY genotyping test according
to the manufacturer’s directions. This test uses a combination of amplification of target
DNA by the polymerase chain reaction (PCR) and nucleic acid hybridization, and has been
designed to detect a total of 37 anogenital HPV DNA genotypes, including the same 13 H-
HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) as the HC2 method. In
this case the method identifies the individual HPV type(s) present in each positive sample.
28,29

Statistical methods
Statistical analyses were performed using Statistical Analysis System (SAS) version 9.1
(SAS Institute Inc., Cary NC). Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV), interpreted as the risk of a SCL among women who test
negative for HPV and/or CA-IX, and overall accuracy were evaluated using the definition of
false negative rate (FNR) as 1-NPV to reflect the proportion of negative diagnoses that were
incorrect for women diagnosed by CA-IX or HPV status, individually or jointly, relative to
histologic diagnosis. When used in combination, the following decision rule was employed:
diagnose those women with positive CA-IX or positive HPV as having a SCL.

Results
GOG protocol #171 was initiated in 1998 when the criteria of AGC diagnosis for patient
enrollment was based on the 1991 TBS classification and the conventional study Pap smears
were used. HPV testing in a liquid based cytology specimen was added as a study
amendment in 2003 to incorporate advances in scientific understanding and the clinical
management of women with cervical lesions. The protocol was closed for accrual in 2005.

Between September 28, 1998 and October 10, 2005, 592 women with a cytologic diagnosis
of AGC were enrolled in the study. One-hundred eighty-nine women were excluded from
the study. The reasons for exclusions were as the follows: withdrew consent (n=3); lack of
histological evaluation of the transformation zone (n=110); and unsatisfactory study Pap
smears (n=76). The clinical characteristics and histologic diagnosis of the 403 evaluable
women are presented in Table 1. The ages ranged from 20 to 86 with a median of 43 years
old. The distribution by race and ethnicity is illustrated in Table 1.

Table 1 also provides the distribution of benign and neoplastic cervical lesions observed in
this cohort. Of 403 patients enrolled in the study, 111 (28%) women had a SCL, 74 (18%)
had significant squamous lesions (SLs), and 37 (9%) had significant glandular lesions
(GLs). Among those with a SCL (n=111), 67% were SLs, including CIN2 (n=14), CIN3
(n=58) and squamous cell carcinoma (n=2), and 33% were GLs, including AIS (n=23) and
invasive adenocarcinoma (n=14). The incidence of invasive carcinoma in the study was 4%.
There were five women whose malignancy was found outside of the cervix. These
malignant tumors involved the endometrium (n=3), ovary (n=1) and fallopian tube (n=1).
All of these women with extra-cervical malignancy were diagnosed during the evaluation of
AGC, either by endometrial biopsy or abnormal physical and radiographic abnormalities.
All five women received a total hysterectomy and bilateral salpingo-oophorectomy. The
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cervix of each of these women was histologically confirmed to lack evidence of a significant
lesion. The study was designed to focus only on significant lesions of the cervix, thus, these
cases were coded as negative for the purposes of the CA-IX and HPV analyses

Figure 1 illustrates the four CA-IX immunohistochemical staining patterns. Diffuse or focal
CA-IX immunoreactivity in the atypical cells (pattern A) and focal strong or diffuse
immunoreactivity in normal looking endocervical cells (pattern B) were classified as
positive. CA-IX immunoreactivity that was focal and weak in normal endocervical cells
(pattern C) or negative (pattern D) was classified as negative. Pattern A was easily
discriminated from pattern C and D. The rate of agreement among any two of the three
reviewers reached 97% on pattern A and 100% on pattern D before the arbitrating consensus
review. Five cases were upgraded from pattern C to pattern A, and five cases from pattern C
to pattern B, but only two cases were downgraded from pattern B to pattern C after the
consensus review.

CA-IX testing
The intent of the initial study was to determine the accuracy of CA-IX expression
exclusively as an indicator of the presence of a SCL. Thus, the data shown in the upper
panel (#1) of Table 2 depict the results of CA-IX testing for all of the specimens (n=403).
Positive staining for CA-IX protein expression was observed in 118 (29%) conventional
study Pap smear specimens. Among these positive cases, 83 (70%) had a SCL, including 48
of 74 (65%) SLs, and 35 of 37 (95%) GLs. Among 35 insignificant cervical lesions with
positive CA-IX immunoreactivity, two were CIN1, one was atypia and one was glandular
hyperplasia. Thus, positive CA-IX immunoreactivity in a conventional Pap smear had an
overall sensitivity and specificity of 75% and 88%, respectively with a FNR of 10%, for
detecting a SCL. The sensitivity for CA-IX detection in GLs was 95% and in SLs was 65%.
(Table 3).

A direct comparison between CA-IX expression and HPV detection was performed on those
specimens where a LBC specimen was available for HPV analysis (n=122). For these cases,
31 (25%) were positive for CA-IX expression. Among these CA-IX positive cases, 25 (80%)
had a SCL, including 16 of 28 (57%) SLs, and 9 of 10 (90%) GLs. Thus, the overall
sensitivity of SCLs, SLs or GLs was 66%, 57% or 90% respectively; with a specificity of
93% and a FNR of 14%. The comparative analysis of CA-IX and HPV is given below and in
Tables 2 and 3.

HPV detection
The HC2 method of HPV testing was performed on 122 cases. Patient ages ranged from 20
to 71, with a median age of 36 for the HPV positive group and 45 for the HPV negative
group (Table 1). H-HPV DNA was detected in 48 (39%) of LBC specimens (Table 2, #2).
Among these positive cases, 37 (77%) had a SCL, including 27 of 28 (96%) SLs and 10 of
10 (100%) GLs. This provided an overall sensitivity of 97%, 96% and 100% for SCLs, SLs
and GLs, respectively; with a specificity of 87% and a FNRof 1% (Table 3). There were 11
cases in the insignificant lesion category and among these, four were diagnosed as CIN1 and
one was atypia.

HPV genotyping
112 of 122 cases tested for the presence of HPV by the HC2 method were also processed for
HPV genotyping, using the PCR-based Roche LINEAR ARRAY (RLA) kit. Sixty-five cases
(58%) were positive for H-HPV. Among these positive cases, 36 (54%) had SCLs, including
26/27 (96%) SLs, and 10 of 10 (100%) GLs. Thus, the PCR-based HPV genotyping method
for detecting SCLs gives an overall sensitivity and specificity of 97% and 61%, respectively,
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and a FNR of 2%. In terms of the rates of positive HPV detection, the PCR-based RLA and
HC2 methods did show some differences, with the RLA method detecting more positives
(39% versus 13%) in the insignificant lesion category and less (97% versus 100%) in the
SCL category, respectively. The comparative analysis of HC2 testing and PCR-based RLA
genotyping is given in Table 4.

A compilation of the genotyping data revealed that approximately 49% of both benign
lesions and SCLs contained multiple HPV types (Table 5). There was no apparent difference
with respect to whether the lesion was positive or negative by the HC2 method of detection
(data not shown). The distribution of the specific H-HPV types in the cervical lesions is
shown in Table 6.

The combined accuracy of CA-IX and HPV testing
The data were also evaluated based on the combined CA-IX and HPV testing (HC2 method)
performed in 122 cases. For the combination of CA-IX with HPV, a case was negative if
there was a negative result for both CA-IX and HPV. If either or both were positive, the case
was then called positive. The combined CA-IX and HPV testing had an overall sensitivity
and specificity of 97% and 80% and a FNR of 1%. Details are given in Table 3.

Discussion
GOG protocol #171 is the first cooperative group-wide prospective cohort study of women
with AGC diagnoses. The participants were enrolled from 25 medical institutions. In
agreement with previous studies, a wide spectrum of benign and clinical significant lesions
was identified in patients with a diagnosis of AGC enrolled in the study.6–9 The rate of
significant uterine lesions in published studies of AGC has ranged from 17 to 80% (mean,
41%), with ranges of 0–34% (mean, 11%) with GLs, 5–43 % (mean, 17%) with SLs, and 0–
23% (mean, 9%) with invasive carcinomas. Most of this latter category were of endocervical
or endometrial origin.9 In the study described here, we found 28% of women had a SCL
(CIN2, CIN3, AIS or invasive carcinoma), 18% had a SL and 9% had a GL. The overall rate
of invasive carcinoma was 4%. Among the SCLs, 33% were GLs (AIS/adenocarcinomas)
and 14% were invasive cervical carcinomas. These results are similar to published findings.
6–9

With the exception of two adenocarcinomas, all AIS and conventional endocervical
adenocarcinomas showed the strong and diffuse CA-IX immunoreactive pattern A, which is
easily discriminated from the weak or negative immunostaining patterns under 4× or 10×
magnification. The observations of diffuse positivity in cases of AIS and adenocarcinoma
are identical to those previously reported, thus the current study confirms the diagnostic
utility of CA-IX for glandular neoplasia of the cervix.15 Although CA-IX testing missed
two adenocarcinomas, no abnormal cells were seen in the Pap smear (sampling error) in one
case, and the other was a clear cell adenocarcinoma of the cervix, which does not express
CA-IX.15 There were five cases in which malignancy was identified outside of the cervix,
including endometrium (3), fallopian tube (1) and ovary (1) but in all of these cases the
cervix was histologically confirmed to be benign. In each instance there were few exfoliated
atypical cells in the smears, and all three carcinomas of the endometrium were diagnosed by
endometrial biopsy. In the 2001 TBS these atypical cells would be classified as atypical
endometrial cells. Furthermore, the goal of the cervical Pap screening program does not
include identification of malignancies originating outside of the uterus.

H-HPV DNA has been strongly associated with SCLs; however, only limited, albeit
promising, published data on HPV testing with AGC exist. In this study we detected H-HPV
types in 39% of the 122 women enrolled, including 96% of those with CIN2, CIN3 or
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squamous cell carcinoma, and 100% with AIS and adenocarcinoma. Of the 122 cases tested
by HC2, 112 were genotyped using the PCR-based RLA genotyping kit. The sensitivity of
detection of H-HPV in SCLs is similar between the two methods and this also has been seen
in other large population studies.28,30,31 However, significantly more cases with benign
lesions were positive by the RLA method. Another interesting feature of the H-HPV
analysis is that, in the positive cases, multiple HPV types were detected in both benign and
SCLs at approximately equal frequencies to those that identified individual genotypes.

Our data suggest that, in the U.S., H-HPV testing is a useful biomarker for identifying SCLs
in women with a cytologic diagnosis of AGC, and has a sensitivity of 97% and specificity of
87%, with a false negative rate of 1%. CA-IX expression is less sensitive than HPV in
detecting SLs (65% versus 96%, respectively). The sensitivity of HPV for detection of GLs
appears to be also better than CA-IX (100% [10/10] vs 95% [35/37]). However, the
confidence intervals overlapped and the difference did not achieve statistical significance.
This trial was not designed to detect such a difference.

A replacement protocol (GOG-237) has been activated, using LBC specimens, to evaluate
the diagnostic accuracy of H-HPV DNA in combination with CA-IX, p16, mini-
chromosome maintenance proteins (MCMs), and/or Ki67, for cervical dysplasia/neoplasia in
women with a cytologic diagnosis of AGC. In this future study all experimental procedures,
including HPV testing protocols, will be identical. The major goal of this study will be to
determine whether the specificity and PPV of HPV testing can be improved by
incorporating, any of these additional biomarkers into the diagnostic test, without sacrificing
the excellent sensitivity observed in the current study for H-HPV alone.
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GOG Gynecologic Oncology Group

AGC atypical glandular cells
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LBC liquid-based cytology

SCL significant cervical lesion

SLs significant squamous lesions

GLs significant glandular lesions

U.S United States

AGUS atypical glandular cells of undetermined significance

CA-IX carbonic anhydrase IX

TBS The Bethesda System

AEC atypical endocervical cells

AEMC atypical endometrial cells

AIS adenocarcinoma in-situ

HSIL high grade squamous intraepithelial lesion

H-HPV high-risk human papillomavirus

IRB Institutional Review Board

SAS Statistical Analysis System

HC2 Hybrid Capture II

RLA Roche Linear Array

PPV positive predictive value

NPV negative predictive value

FNR false negative rate defined as 1-NPV to reflect the proportion of negative
diagnoses that were incorrect
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Figure 1.
The four scoring patterns of CA-IX immunoreactivity in Pap smears containing AGC.
Patterns A and B: positive immunostaining in the atypical cells/cell clusters (A) or in the
normal looking endocervical cells (B). Patterns C and D: weak positive (C, arrow) or no
immunoreactivity (D) in normal cervical cells (original magnification on left panels ×100
and right panels ×400).
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