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Abstract

Background—Few studies have examined adherence to recommended guidelines for follow-up
and outcomes after an unsatisfactory Pap test (UPT) with liquid-based technologies.

Methods—Within four US health plans median time to follow-up and percentage of patients with
follow-up testing by 120 days was calculated following an UPT. Multivariable analyses evaluated
the association of clinical factors on follow-up testing. We compared the risk of Cervical Intra-
epithelial Neoplasia 2 or worse (CIN2+) diagnosis after UPT to risk after satisfactory Pap test
while controlling for study site, test year, and other covariates.

Results—634,644 Pap Tests between 2004 and 2010 were included in the study.
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Of 1,442 UPTs, 53.4% had follow-up testing within 120 days; follow-up differed across the health
plans (P<.001); was higher with age <50 years old (57.2% vs. 48.8%, P=.01) and with positive
Human Papilloma Virus (HPV) results (84.6% vs. 53.9, P<.01). CIN2+ risk was similar for both
unsatisfactory and satisfactory Pap test. However, following an UPT, age <50 years, having no
previous history of Pap testing, having a history of previous abnormal Pap test, and positive HPV
status, were all risk factors for CIN2+; a positive HPV test was the strongest risk factor for
development of CIN2+. Negative HPV test result was protective for CIN2+ diagnosis.

Conclusions—Various clinical factors associated with risk of CIN2+ appear to influence the
receipt of follow-up after an UPT. HPV test results in UPTs might be used in follow-up strategies:
specifically a negative test might reduce the urgency for repeat Pap testing.
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Background

Cervical cancer screening programs utilizing Papanicolaou (Pap) tests have been highly
effective in reducing cervical cancer mortalityl. Most failures of cervical cancer screening in
organized screening programs are in under- or never-screened women?; however some
failures due to false negative Pap tests. Various studies have also reported a substantial
fraction of false negative Pap tests were felt to be unsatisfactory on retrospective review3->
and that quality of slide preparation correlates with a higher rate of detection of squamous
intra-epithelial lesions (SIL)®. In consideration of this evidence, The 2001 Bethesda System
criteria for Pap test (Bethesda criteria) reporting included semi-quantitative criteria, which
arbitrarily defined an “estimated minimum of approximately 8,000-12,000 or 5,000 well-
preserved and well-visualized squamous cells” as adequate for evaluation with conventional
smears and liquid-based preparations, respectively’. Pap tests with benign cells but
insufficient squamous cellularity as defined by the Bethesda criteria are reported as
unsatisfactory.

The American Society for Colposcopy and Cervical Pathology (ASCCP) recommends
repeat testing within 2—4 months for women with an unsatisfactory Pap test (UPT)8. This
recommendation is largely based on the previously mentioned studies of conventional
smears that preceded the publication of the 2001 Bethesda System’s semi-quantitative
criteria for adequacy3~2. Studies of the significance of UPTs since the 2001 Bethesda criteria
publication have had conflicting results®-11. Two studies using conventional Pap tests after
2001 Bethesda criteria publication reported UPTSs after applying the more stringent criteria
were not associated with increased SILs relative to tests satisfactory and negative for intra-
epithelial lesion or malignancy (NILM), suggesting that the 2001 Bethesda criteria cut-point
of 10,000 cells for minimal acceptable cellularity for conventional Pap tests may be too
high® 10, Another study of Surepath™ liquid-based Pap tests reported significantly
increased SILs in UPTs relative to Pap tests satisfactory and NILM11,
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This study was conducted in four large health plans in the United States to determine clinical
factors influencing timely follow-up of UPTs in liquid-based Pap tests. The clinical
relevance of UPTs was assessed by follow-up cytology and histology.

We conducted this study within the National Cancer Institute-sponsored SEARCH
(Screening Effectiveness And Research in Community-based Healthcare) study that
included four health care systems from the HMO Cancer Research Network (CRN)12
(Group Health Cooperative, Washington; Reliant Medical Group, Massachusetts; and Kaiser
Permanente Northwest (Oregon/SW Washington) and Hawaii). The Institutional Review
Boards of participating sites approved the study.

Eligible patients included women age 21 to 65 years who were enrolled in one of the health
plans during time periods that varied by site: 2004-2010 (2 sites); 2004—-2007 (1 site); 2006—
2010 (1 site). At each site, liquid-based Pap tests results were retrieved. Women who had a
history of total hysterectomy or known cervical cancer before Pap receipt were excluded.
Results from conventional Pap tests were excluded. Continuous enrollment in the patient’s
health care plan for 2 years after the Pap test was required for inclusion. There were no
enrollment criteria prior to the Pap test. A consort diagram is presented in Appendix figure
1.

Data collection

Demographics information, enrollment, history of cervical cancer, hysterectomy status, and
Pap and HPV molecular testing were collected from the HMO Research Network’s Virtual
Data Warehousel3 and operational laboratory information systems. Pap test results,
reason(s) for reports of UPTs and cytologic methods were collected from semi-structured
text cytology reports at Sites 1, 3, and 4; at Site 2 this information was extracted from a
coded cytology dataset to classify using 2001 Bethesda criteria as either normal, atypical
squamous cells of uncertain significance (ASCUS), atypical squamous cells cannot exclude
a high-grade SIL (ASC-H), atypical glandular cells, endocervical adenocarcinoma in-situ,
low-grade SIL (LSIL), high-grade SIL (HSIL), squamous cell carcinoma, any malignancy
other than squamous cell carcinoma or unsatisfactory. Through chart review at Sites 1, 3 and
4 we mapped results for cervical biopsy results using decision rules developed by two
investigators (AK and CO, a cytopathologist); at Site 2 this information was extracted from
a coded data set and mapped into: normal, cervical intraepithelial neoplasia 1 (CIN1),
cervical intraepithelial neoplasia 2 (CIN2), cervical intraepithelial neoplasia 3 (CIN3),
endocervical adenocarcinoma in-situ or any primary invasive cervical malignancy.
Processing method was further stratified by Thinprep or Surepath methodology. High risk
HPV molecular test results performed on the UPT (co-tested specimens) and previous HPV
testing for up to 2 years prior to the UPT were retrieved. Patients were classified as HPV
positive or HPV negative based on the results of the test(s). Patients with multiple HPV tests
having both positive and negative results were classified as HPV positive.
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All laboratories maintained standards established by Clinical Laboratory Improvement
Amendments and processed specimens as per manufacturers recommendations!?. Sites 1, 2
and 3 processed Pap tests at a central laboratory (unique for each site) and site 4 used
multiple laboratories, although most Pap tests at Site 4 (>95% of Pap tests) were processed
at a single laboratory. Sites 1, 2 and 3 used Surepath methodology and all laboratories from
site 4 used ThinPrep methodology.

Histologic and cytology follow-up data were recorded for each index UPT for a period of
two years. After the index UPT (figure 1), subsequent UPT(s) within two years was
considered a follow-up study. A woman could contribute a second index UPT to the study if
it occurred greater than 2 years after the first index UPT. We collected time to the first
follow-up study, either repeat cytology or histology specimen for each index UPT. The most
severe histologic lesion within the 2 year follow-up period was recorded (Cancer >
Endocervical adenocarcinoma in-situ > CIN3 > CIN2 > CIN1 > Benign) and the proportion
of patients with CIN2+ (Cancer, CIN3, endocervical adenocarcinoma in-situ or CIN2) was
calculated.

Median time to the first follow-up study after all UPT was calculated by site. We calculated
percentage of UPTs followed up within 120 days, approximately the end of the 2—-4 month
period recommended by ASCCP for repeat testing following an UPT. We calculated the
percentage of tests followed up within 120 days for all liquid UPTs stratified by whether or
not the woman later developed CIN2+.

We examined the association between each of the following factors and the completion of
follow-up within 120 days among those with UPTs using Chi-Square: age (<50 vs. =50
years old), HPV status, history of CIN 2+, type of Pap test (screening vs. diagnostic), time
since last Pap test, and result of previous Pap test(s). Our age categorization approximated
menopausal statusl®. Diagnostic Pap test was defined as a test within 9 months of a previous
Pap test or cervical biopsy; all others were considered screening tests. Odds ratios and 95%
confidence intervals of the associations with completion of follow-up within 120 days were
generated using multivariable logistic regression controlling for study site, year of test and
repeated measures.

Hazard ratios and 95% confidence intervals for the relationship between an UPT and future
risk of CIN2+ were estimated using multivariable Cox proportional hazards models
controlling for potential confounding variables and adjusting for repeated measures for
women with multiple Pap tests using generalized estimating equations. Follow-up ended at
CIN2+ diagnosis or censoring, defined as death, disenrollment from the health plan, or end
of the follow-up period at that site. In separate models, we compared the risk of CIN2+
following UPTSs to two control groups: control group A was defined as all satisfactory
liquid-based Pap tests; control group B was defined as all satisfactory liquid-based Pap tests
excluding diagnoses of HSIL, endocervical adenocarcinoma, squamous cell carcinoma and
any malignancy other than squamous cell carcinoma. Proportional hazards assumptions were
tested and met for the main predictor variables in both models.
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We have previously shown in this cohort significantly higher fraction of unsatisfactory
results using Thinprep platform as compared to Surepath platform6. To assess the
possibility that the relationship between an UPT and CIN2+ differed by type of liquid-based
technology, we performed a sensitivity analysis by including an interaction term between
UPT and the site using Thinprep technology in a proportional hazards model. All analyses
were conducted using SAS for Windows, version 9.2.

A total of 634,644 Pap tests from 351,877 women were included in the study. Of 1,442 total
UPTs with liquid based technologies from all four sites 1,153 (80%) had a follow-up study
of some type within the two year period following the UPT and 289 (20%) did not have a
follow-up study of any kind. Of those with a follow-up study 1,096 had normal Pap test(s)
and 57 had Pap test follow-up that was either abnormal or unsatisfactory. Of those with
follow-up 55 (5%) had a cervical biopsy or excision. The percentage of liquid-based UPTs
with documented follow-up by 120 days was significantly different across study sites and
varied from 41.1% to 65.6 % (P <.001, Table 1).

Following an UPT, women <50 years of age were significantly more likely to have follow-
up by 120 days than women =50 (57.2% vs. 48.8, P=.01) (Table 2). Women with positive
HPV status were more likely than those without HPV testing to have follow-up within 120
days (84.6% vs. 53.9%, P<.01) and women with negative HPV status were less likely than
those without HPV testing to receive follow-up within 120 days (42.1% vs. 53.9%, P=.02).
Percentage with follow-up by 120 days did not differ by Pap indication (screening or
diagnostic) or by results of previous Pap testing. After multivariable adjustment, only
positive HPV status and age <50 years remained significant.

Multivariable adjusted risk of CIN2+ diagnosis after an UPT compared to our two control
groups is shown in Table 3. UPTs were not associated with increased CIN2+ diagnoses as
compared to control group A or B. Positive HPV status was by far the strongest predictor of
CIN2+ with hazard ratios of 14.5 (95% CI 12.6-16.6) and 17.8 (95% CI 15.5-20.6)
compared to control group A and B, respectively. Age <50 years and history of prior
abnormal Pap testing showed significantly increased risk of CIN2+ following an UPT.
Diagnostic Pap tests versus screening Pap tests showed significantly increased risk of
CIN2+ following an UPT as compared to control group A but not control group B. Negative
HPV status was protective for the diagnosis of CIN2+ with hazard ratios of 0.48 (95% ClI
0.35-0.66) and 0.56 (95% CI 0.40-0.78) for the two control groups. Of the 126 cases with
negative HPV status, 98 of these had a negative result on the UPT (e.g. co-tested
specimens). Of these 98 cases, none were diagnosed with CIN2+ in the follow-up period of
the study. Women who were diagnosed with CIN2+ in the follow-up period were more
likely to be followed up by 120 days (80% vs. 53.3%, P<.01) than women who were not
diagnosed with CIN2+ (Table 4). Sensitivity analyses showed no statistically significant
interaction between Thinprep versus Surepath platform and diagnosis of CIN2+ in the
follow-up period after an UPT.
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Discussion

This multisite study of 634,644 Pap tests provides frequencies of women receiving
guideline-recommended follow-up after an UPT, clinical factors influencing follow-up and
histologic outcomes following UPTs. Although ASCCP guidelines recommend promptly
recalling all patients with an UPT without considering clinical factors, our study suggests
clinical factors are influencing the proportion with guideline-recommended follow-up.
Several of the factors we examined increased the proportion of women followed-up by 120
days and were risk factors for the diagnosis of CIN2+ following an UPT. Our data suggests
clinicians are correctly recognizing patients with a higher risk of CIN2+ diagnosis and are
more aggressive in recalling these patients with UPTs.

Our study adds to the literature in several important ways. Many of the studies that have
investigated the risk of UPT used conventional Pap tests and occurred prior to publication of
the 2001 semi-quantitative Bethesda criteria for adequacy. Thus, ASCCP recommendations
for UPTs using liquid-based platforms are largely based on data from studies of
conventional Pap tests using non-standardized criteria for specimen adequacy. The follow-
up piece of the current study includes only liquid-based Pap tests done performed well after
publication of the 2001 Bethesda criteria and therefore more applicable to current practice.
Our data suggests that HPV test results, when available, are useful for stratifying the risk of
the severe forms of cervical neoplasia, and thus the urgency of follow-up of an UPT.
Positive HPV status had the highest hazard ratio for diagnosis of CIN2+ of all variables
analyzed and negative HPV status was protective. This is not surprising considering the role
of HPV infection in cervical cancer development and primary screening for cervical cancer
with HPV molecular testing is being considered. Future recommendations on management
of UPTs might take HPV molecular data into consideration for best follow-up. For example
a patient with an UPT, particularly if the cellularity is near the minimal acceptable level,
with negative HPV testing might not need to be recalled in the 2—4 month window
recommended by ASCCP. Similarly the risk associated with a positive HPV test in certain
patients with an UPT might justify referral to colposcopy. Age less than 50, diagnostic Pap
tests, previous abnormal Pap test, no previous Pap test, and previous biopsy of CIN2+ were
all associated with significantly increased risk of CIN2+ following an UPT albeit it with
much lower hazard ratio estimates as compared to HPV status. The increased risk seen in
UPTs in women younger than 50 years of age probably relates to the fact that the peak
incidence of pre-cancerous cervical lesions occurs well before 50 and benign, physiologic
cervical atrophy leads to many UPTs in postmenopausal women. The other factors
associated with increased risk of CIN2+ are not surprising and probably reflect the higher
risk seen in women who have a personal history of CIN2+ or prior positive Pap tests.

In our study, just over 50% of women with an UPT received a follow-up study within 120
days, approximately the end of the 2—-4 month window recommended by ASCCP8. We
found the proportion of women with follow-up within 120 days differed according to study
site, HPV status and patient’s age. Surprisingly, follow-up rates for unsatisfactory results did
not differ by indication for exam.
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For our longitudinal analyses for development of CIN2+ following an UPT with liquid
based tests, we chose to compare risk of CIN2+ to two control groups: all satisfactory Pap
tests (control group A) and all satisfactory Pap tests excluding high risk cytology diagnoses
(control group B). The most appropriate comparison to establish the risk of an UPT would
be a control group of satisfactory and benign Pap tests with an adequately long interval of
follow-up after the index Pap test. Comparing outcomes for UPT to all satisfactory Pap tests
suffers because all satisfactory studies includes high grade SILs and even cancers. Our
control group B excludes Pap tests with high risk lesions but does include some abnormal
Pap tests that would generate more work-up and cervical biopsies. Interestingly, we found
no increase in CIN2+ diagnoses in UPTs compared to either control group. The risk of
CIN2+ for UPTs in the era of liquid-based Pap testing may be lower than with conventional
Paps based on differences in specimen preparation. Liquid-based Pap tests effectively
remove obscuring elements leaving insufficient quantity of squamous cells as the
predominant cause of UPTs6: 17 Obscuring blood and elements from tumor diathesis in a
patient with invasive cervical cancer is thus less likely to lead to an unsatisfactory study with
liquid-based Pap tests as compared to conventional smears. This could explain a lower risk
following an UPTSs processed with liquid-based technologies.

Our study has limitations including the non-randomized design. The cytologic diagnoses
were conducted in a clinical setting, whereby reflecting use in community settings. We do
not know the fraction of UPTSs that were reprocessed, so we cannot control for variability in
the threshold to reprocess. Our study consisted of many different clinical sites within 4
health care systems and we do not have details of the nature and duration of training of
clinical and laboratory personnel transitioning to liquid-based Pap tests. Also the HPV
testing platforms was not standard among the labs contributing cases to the studies.
Guidelines regarding optimal intervals between screening Pap tests are evolving and the
impact of an UPT could be different with a longer interval between screening Pap tests.

In conclusion, just over half of all women with an unsatisfactory liquid based Pap test had a
follow-up study within 120 days. Several clinical factors influenced the percentage of
patients with adequate follow-up and most factors that were associated with increased risk of
pre-cancerous cervical lesions hastened follow-up. A positive or negative HPV test result
shows promise for determining the urgency of follow-up after an unsatisfactory Pap test.
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Figure 1.
Unsatisfactory Pap test due to insufficient squamous cellularity (ThinPrep, 400x)
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Table 2

Factors Associated with Follow-up of Liquid-Based Unsatisfactory Pap Tests. N = 1,442

Variable N Follow-up testing by day 120, %  ypadjusted P-value®  Adjusted Oddsratio (95% CI)**
Age, years
<50 786 57.2 01 1.3 (1.1-1.6)
250 656 48.8 referent
HPV status
HPV negative 126 421 .02 1.0 (0.65-1.6)
HPV positive 26 84.6 <.01 6.1 (2.0-18.5)
No HPV testing 1290 53.9 referent

Prior cervical biopsy results
Prior biopsy with CIN2+ 17 76.5 .09 2.7 (.89-8.2)
No known CIN2+ 1425 53.1 referent

Indication for Pap testing
Diagnostic Pap 129 51.9 .39 0.8 (0.52-1.3)
Screening Pap 1313 53.5 referent

Results of prior Pap test(s)

Any prior result abnormal 15 60.0 46 1.2 (0.31-4.8)
No prior results 978 56.2 <.01 1.1 (0.70-1.8)
All prior results normal 449 47.0 referent

Time since prior Pap

0-18 months 347 48.1 .01 0.9 (0.57-1.5)
19+ months 1068 55.2 referent
Note.

*

Univariate testing compared to referent group;

**
Adjusted for all variables listed in table, study site, test year and repeated measures

HPV = Human Papilloma Virus; CIN2+ = Cervical Intra-epithelial Neoplasia 2 or worse

Cancer Cytopathol. Author manuscript; available in PMC 2015 March 11.
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Table 3

Factors Associated with Risk of Development of CIN2+ Following an Unsatisfactory Liquid- Based Pap Test

Variable Control group A Control group B**
Hazard Ratio (95% Cl) | Hazard Ratio (95% ClI)

Pap test result

Unsatisfactory 0.91 (0.50-1.7) 1.2 (0.63-2.1)

Satisfactory referent referent
Age, years

<50 4.1 (3.6-4.7) 4.4 (3.8-5.1)
=50 referent referent

Indication for Pap testing
Diagnostic Pap test 1.6 (1.2-2.1) 1.1 (0.82-1.5)

Screening Pap test referent referent

Time since prior Pap
0-18 months 0.76 (0.60-0.96) 0.88 (0.69-1.1)

19+ months referent referent

Results of prior Pap test(s)

Previous Abnormal Pap test 2.1(1.5-2.9) 2.2(1.6-3.1)
No Previous Pap test 1.4 (1.1-1.6) 1.2 (1.0-1.5)
Previous Pap test Normal referent referent

Previous Biopsy results

Previous biopsy CIN2+ 1.5 (1.1-1.9) 1.2 (0.94-1.7)

No known CIN2+ referent referent
HPV status

HPV negative 0.48 (0.35-0.66) 0.56 (0.40-0.78)

HPV positive 14.5 (12.6-16.6) 17.8 (15.5-20.6)

No testing done referent referent

Note. CIN2+ = Cervical Intra-epithelial Neoplasia 2 or higher

Adjusted for all factors in table, study site, year of test, repeated measures

*
Control group A was comprised of all satisfactory Pap tests

*%

Control group B was comprised of all satisfactory Pap tests excluding Pap tests with high grade squamous intra-epithelial lesions, endocervical
adenocarcinoma in-situ, squamous cell carcinoma and any malignancy other than squamous cell carcinoma
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Table 4

Summary of women with and without CIN2+ following an Unsatisfactory Liquid-Based Pap Test

Variable Women with CIN2+ (n=10) | Women without CIN2+ (n=1429) | p-value
Number (%) FU by 120 days 8(80.0) 762 (53.3) <.01
Number (%)FU by 180 days 8 (80.0) 827 (57.9) <.01
Median days to FU 28 55 13
Number (%) history of CIN 2+ 2(20.0) 15(1.1) <.01

Note. CIN2+ = Cervical Intra-epithelial Neoplasia 2 or higher
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