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Abstract

Background—Cervical cancer screening and follow-up guidelines have changed considerably in
recent years, but to the authors' knowledge few published reports exist to estimate the impact of
these changes in community-based settings. The authors examined the patterns and results of
cervical cancer testing and follow-up over a decade in 4 geographically diverse US health care
systems to inform future evaluation of changes resulting from increased uptake of the human
papillomavirus (HPV) vaccination.

Methods—The authors studied women aged 21 to 65 years who were members of one of these
health systems at any time between1998 and 2007. Data were collected and standardized across
sites, based on receipt of Papanicolaou (Pap) and HPV tests, HPV vaccination, cervical biopsies,
and treatment of cervical dysplasia. Annual rates (per 1000 person-years) of Pap testing, HPV
testing, and cervical biopsy and treatment procedures were calculated. Screening intervals and
trends in the results of screening Pap tests and cervical biopsies also were examined.

Results—Pap testing rates decreased (from 483 per 1000 person-years in 2000 to 412 per 1000
person-years in 2007) and HPV testing rates increased over the study period. Screening frequency
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varied across health care systems, and many women continued to receive annual testing. All 4
sites moved to less frequent screening over the study period without marked changes in the overall
use of cervical biopsy or treatment.

Conclusions—Despite differences over time and across health plans in rates of cervical cancer
testing and follow-up cervical procedures, the authors found no notable differences in Pap test
results, diagnostic or treatment procedure rates, or pathological outcomes. This finding suggests
that the longer screening intervals did not lead to more procedures or more cancer diagnoses.
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Introduction

Cervical cancer screening plays a central role in women's preventive health care. Its
effectiveness derives from the detection and treatment of precancerous and asymptomatic
invasive lesions. The effectiveness of screening with the Papanicolaou (Pap) test using
conventional cytological techniques is well established-> and has been historically
recommended and performed annually in the United States. Between 2002 and 2003, and
later in 2012, updated guidelines by the American College of Obstetricians and
Gynecologists, the American Cancer Society, and the US Preventive Services Task Force
recommended longer screening intervals, an older age at initiation, and a younger age for
discontinuation of screening.6-9 These changes occurred in tandem with the introduction of
new screening technologies, including replacing traditional slide-based tests with liquid-
based cytology,10-11 the use of automated laboratory Pap test review protocols, routine
testing for the high-risk oncogenic strains of the human papillomavirus (HPV),12-13 and
revised follow-up protocols for abnormal Pap tests.14-15

To the best of our knowledge, there are few published reports regarding recent secular trends
in the use and outcomes of cervical cancer testing in US community-based settings;16-22
even fewer studies have been able to provide longitudinal, population-based data
encompassing the time period of change in testing technology and guidelines to help gauge
the impact on screening practices and outcomes in community settings. This information is
needed to help assess the effectiveness of cervical cancer screening delivery and provide a
baseline to evaluate future changes in testing practices and results related to HPV
vaccination.

The aim of the current study was to examine trends in cervical cancer screening and follow-
up in the United States using data from 4 geographically diverse HMO Research Network
(HMORN) health systems over a 10-year period (1998-2007). The objectives were to
determine the rates of Pap and HPV testing, cervical biopsy, and treatment, overall and by
health system, time period, and age group. We also examined whether screening intervals
changed after the introduction of new screening guidelines and testing approaches.
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Materials and Methods

Setting and Population

The current retrospective cohort study was conducted as part of the multicenter Screening
Effectiveness And Research in Community-Based Healthcare (SEARCH) project. The data
were derived from 4 health systems that participate in the HMORN/Cancer Research
Network: Group Health Cooperative (Washington), Kaiser Permanente Northwest (Oregon/
Washington), Kaiser Permanente Hawaii, and Reliant Medical Group (Massachusetts).
Women aged 21 to 65 years who were members of one of these health systems at any time
between 1998 and 2007 were included in this analysis. We excluded women with Common
Procedural Terminology (CPT) codes documenting prior hysterectomy or International
Classification of Diseases for Oncology codes for cervical, vaginal, or endometrial cancer
diagnosis. The Institutional Review Boards of the participating sites approved the study
protocol.

Data Collection

We derived data for the study from electronic health plan databases and medical records. We
used health plan enrollment files to enable women to enter and exit the cohort throughout
the study period. To calculate rates of testing and outcomes, we collected monthly
membership data from health plan enroliment files; enrollment gaps of <3 months were
treated as continuous enrollment.23 Analytic data were extracted from the standardized
HMORN Virtual Data Warehouse files at each site.24 Data that were unavailable in the
Virtual Data Warehouse were extracted from local clinical laboratory information systems
or other on-site data resources and mapped to a common data standard for analysis. Pap test
dates and results were collected from semistructured and unstructured cytology reports at 3
sites; at the fourth site, this information was extracted from a coded cytology data set. One
site provided Pap test data beginning in 2000 and could not provide complete cervical
pathology data for all study years. Data regarding the receipt of HPV tests were obtained
from laboratory databases. We obtained data regarding excisional and ablative treatments
and hysterectomy from electronic databases using CPT codes (see Supporting Information
Table S1). HPV vaccination status was obtained from immunization registries, and data
concerning cervical biopsies were obtained from pathology databases. Pathology reports on
cervical biopsies at 2 study sites were reviewed and coded by trained abstractors according
to a standard protocol. At the third site, pathologists coded results. For each test, the most
severe conclusive diagnostic category was used in the analysis. Information regarding
cancer diagnoses came from tumor registries.

During the study period, liquid-based cytology replaced conventional cytology at all health
plans (in 2006 at sites A and D and in 2004 at sites B and C). Sites A, B, and C switched to
SurePath (Becton, Dickinson and Company, Franklin Lakes, NJ), whereas site D switched to
ThinPrep (Hologic Inc, Marlborough, Mass).

Statistical Analysis

We calculated annual Pap testing and HPV testing rates, restricted to 1 test type per woman
for each calendar year, and annual Pap screening rates. We defined a screening Pap test as
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one with no abnormal Pap test result in the previous 9 months.17-19.25.26 Thus, women had
to be enrolled during the prior 9 months for a test to qualify as screening. We calculated
rates of cervical biopsy and treatment by health plan and age group; for the cervical biopsy
rates we excluded pathology records in which CPT codes documented a cervical treatment
procedure within 10 days before or after the biopsy date, assuming that these records were
treatments, not diagnostic biopsies. Data were analyzed for each site separately and
combined. Women who underwent total hysterectomy or had a diagnosis of cervical,
vaginal, or endometrial cancer during the study period were removed from the analysis after
the procedure or diagnosis date. We tested for time trends in rates using log-linear binomial
regression. We did not age-standardize rates; age distributions of women in our health plans
were reasonably stable over time, both within and across health plans (see Supporting
Information Table S2). We compared mean numbers of tests and rate differences across sites
using generalized linear models. Differences across age groups for Pap text and biopsy
results were compared using generalized estimating equation models.

Among women aged =30 years in 1998 with 10 years of prospective continuous health plan
membership, we calculated the mean and median number of Pap screening tests for 1998
through 2007. We restricted this analysis to women who were aged =30 years at the outset
because screening guidelines for this age group were more stable over the study period than
those for younger women.

We compared the time intervals between routine cytological screening before and after the
changes in screening guidelines by determining the time from the last cervical screen with a
negative result in women who had undergone Pap tests in 2002 and 2007. These analyses
were restricted to women with >4.5 years of continuous prior health plan membership to
detect intervals of up to 4 calendar years. To calculate calendar year screening intervals, we
included tests <6 months on either side of each interval year (eg, a Pap reported as “2 years
prior” was received 1.50-2.49 years before the index test).1’

Among routine screening Pap tests, we examined the distribution of Pap results (each as a
percentage of all results) overall and by age group, health plan, and time period. Among the
cervical biopsies after screening Pap tests, we examined the distribution of pathology results
similarly. If a woman underwent multiple Pap tests or biopsies on the same date, we selected
the most severe result. To create a baseline for later examination of population changes after
HPV vaccination uptake, we excluded 5956 women with any HPV vaccination noted in our
vaccine databases (0.5% of the cohort) from these Pap and cervical pathology distributions.

Guidelines for cervical cancer screening and follow-up varied by health plan and changed
over the study period (see Supporting Information Table S3). Three sites developed their
own screening guidelines; 1 site adopted the guidelines of the state in which it was
located.2” During this period, the recommended age for screening initiation rose slightly and
the screening cessation age declined at some sites. In addition, all site guidelines
recommended less frequent screening (every 2—3 years) after a specified number of negative
annual screens. Between 2005 and 2007, guidelines for sites A, B, and C added HPV reflex
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testing after PAP test results indicating atypical squamous cells of undetermined
significance (ASCUS).

Rates of Pap Testing, Pap Screening, and HPV Testing

This analysis included 956,028 women with 4,279,283 person-years. Pap testing rates
decreased at all 4 health plans (Fig. 1) from an average overall rate of 483 per 1000 person-
years in 2000 (the earliest year with data from all 4 plans) to 412 per 1000 person-years in
2007. The rate decreases were small at sites A and B (P for trend .12 and .23, respectively)
and were larger at sites C and D (P< .01 for trend). Rates were consistently highest at site C
(P<.01).

Pap screening tests (ie, no abnormal Pap test results within the previous 9 months)
accounted for approximately 79% of all tests from 1998 through 2007. The overall rate in
2001 was 378 per 1000 person-years (earliest year with data from all 4 plans) and 321 per
1000 person-years in 2007 (data not shown). Trends over time by site were similar to those
for overall Pap testing (site A: P=.17; site B: P= .71, site C: P<.01; and site D: P=.05).

HPV reflex testing (an HPV test was performed if Pap test result indicated an ASCUS
finding) began between 2002 and 2004 at sites A, B, and C; the rates increased over time
(Fig. 2). HPV co-testing (an HPV test was ordered with every Pap test) began at all 3 health
plans after 2007. At site D, HPV co-testing began in 2005 and rapidly increased to 130 per
1000 person-years in 2007.

Frequency of Pap Screening

The Pap screening interval varied across health plans in both 2002 and 2007 (Fig. 3).
Among women receiving Pap tests in 2002, annual screening at sites A, B, and C was
performed on 32%, 60%, and 71% of women, respectively. We had insufficient data for
analysis at site D for 2002. In each of the 3 health plans, Pap screening intervals increased
between 2002 and 2007. A higher percentage of women at sites A, B, and C had 3-year
testing intervals in 2007 compared with 2002. Site A demonstrated the longest average
screening intervals for both years. In 2007, >50% of women at sites C and D were still
receiving annual Pap screening compared to 23% at site A and 40% of women at site B. At
all sites, >90% of women with screening tests in 2007 and a prior negative screen had
received that previous test within the prior 4 years.

Among women aged =30 years who were members for the entire period between 1998 and
2007, the average number of screening Pap tests + and standard deviation were 3.8 + 2.3,
4.3+2.9,and 5.3 + 3.4, respectively, in sites A, B, and C (P< .01 for all comparisons). Site
D contributed 8 years of data during this period (2000-2007); the average number of Pap
tests was 3.5 + 2.6 among members aged =30 years enrolled continuously for that period.

Pap Screening Results

Pap screening laboratory results were found to be broadly similar across the 4 health plans
and over the time period of the study. Among the 1,227,627 routine Pap screening tests
across all sites, 94% were normal (range, 91%-96%); 3.0% were ASCUS or atypical
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squamous cells, cannot rule out a high-grade lesion (ASC-H) (range, 1.8%-3.6%); and
0.20% of Pap tests had a result suggesting cancer or severe dysplasia (including high-grade
squamous intraepithelial lesion, adenocarcinoma in situ, or invasive cancer) (range, .13%-.
23%) (Table 1). The percentages with ASCUS, ASC-H, low-grade squamous intraepithelial
lesion all decreased with increasing age (P< .01 for all).

Rates of Biopsy and Treatment

The 2007 cervical biopsy rate (including endocervical curettage) for sites A, B, and C
combined was 19.6 per 1000 person-years. Rates were fairly constant in 1998 through 2007
at sites A and B (Fig. 4). The cervical biopsy rate at site C in 1998 and 1999 was relatively
high but declined by approximately 50% by the end of the study period to a rate similar to
those observed at the other 2 sites.

The overall cervical treatment rate including excisional and ablative procedures for all years
was 2.26 per 1000 person-years and did not change over the 10-year study period. The
treatment rate declined at site B (P< .01 for trend) but was fairly stable at site A. The rates at
sites C and D had an upward trajectory (Fig. 5).

Biopsy Results

Laboratory results of the 46,657 cervical biopsies were similar during this period across the
3 health plans for which there were complete pathology data (sites A-C). Approximately
79% of biopsies (range, 57% in women aged 21-30 years to 290% for women aged >50
years) were coded as normal (Table 2). Cervical intraepithelial neoplasia (CIN) type 1
(CIN1), CIN-2, and CIN-3 diagnoses were much more common in younger women than in
older women. The percentage of biopsies with a result suggesting cancer or severe dysplasia
(CIN3+) was 1.9%, 2.1%, and 3.0%, respectively, at sites A, B, and C, and was 2.3%
overall. The percentage of biopsies containing cancer increased with age (P< .01).

Invasive Cervical Cancer

Diagnoses of invasive cervical cancer were rare in the current study cohort, with 366 total
cancers diagnosed over the course of 10 years at sites A, B, and C and 8 years in site D
(2000-2007). The overall rate of cervical cancer diagnosis during the study period was 10
per 100,000 person-years for this population of women aged 21 years to 65 years and did not
vary significantly over time (8 per 100,000 person-years in 1998 vs 12 per 100,000 person-
years in 2007).

Discussion

From 1998 through 2007, all 4 health plans in the current study extended the intervals of Pap
screening, transitioned from conventional cytology using manual slide interpretation to
liquid-based cytology and automated slide interpretation, and incorporated HPV testing.
There was considerable variability across plans with regard to rates of cervical cancer
screening and follow-up procedures. Despite considerable changes to the health plans'
screening programs and guidelines, we did not identify any notable differences in Pap test
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results, biopsy rates, or pathological outcomes over the study period, suggesting that less
intense screening had no adverse effects on outcomes.

The varying health plan guidelines regarding recommended screening intervals were
generally reflected in the actual observed screening intervals. As expected, the site with the
longest recommended screening interval at the beginning of the study (2-3 years) had the
lowest percentage of women screened annually in both 2002 and 2007. At another site, the
percentage of women receiving annual screening declined considerably after the
recommended screening interval was lengthened to 3 years. However, at 2 sites, a majority
of women screened in 2007 had also been screened the previous year despite health plan
guidelines to screen every 1 to 3 years, suggesting that many providers and/or patients
continued to prefer annual pelvic examination and highlighting the time it can take to
implement new screening guidelines.

In the data from the current study, the rates of Pap testing decreased over time in tandem
with extended screening intervals, but the decline in testing was only statistically significant
at the 2 health plans with guidelines that had continued to include more frequent testing
intervals (every 1-3 years). Not surprisingly, one of these 2 health plans also had the highest
testing rate at the beginning and at the end of the study period. Thus, the decline in testing
was most apparent in the health systems with the highest levels before the change in
guidelines. Although the exact reasons for these differences are not known, they may be
related to differences in patient and provider preferences or patient-level, provider-level,
and/or system-level adherence to the national guidelines.

The health plan with the highest rates and frequency of Pap testing also had the highest
percentages of abnormal biopsies, although the differences among sites narrowed over time.
This may be due to differences in the aggressiveness of treatment of patients with an
abnormal Pap test result, or in the pathological interpretation of biopsies but requires further
study.

To the best of our knowledge, few studies are available for direct comparison. Schabert et al,
analyzing medical claims for women with commercial health insurance through a large US
fee-for-service health plan, reported that among women of all ages who had routine Pap
screening in 2000, 43% were screened again the next year, 17% underwent biennial
screening, and 8% had triennial screening.28 Among women aged 21 to 65 years in New
Mexico, the median time to previous Pap screening test was 1.5 years in 2008.16 In the 2005
National Health Interview Survey (NHIS), 53% of women reported having had =1 Pap test
every year, 17% reported biennial screening, and 11% reported triennial screening;2? NHIS
findings for the year 2000 were similar. Similar to the results of the current study, these
results reflect a heavy reliance on annual screening during 2000 through 2008.

Both the current study and that by Cuzick et al® report Pap screening results that can be
used as baseline data for the evaluation of the impact of HPV vaccination. The differences in
the percentage of women with abnormal results (approximately 4.5% in the current study
compared with approximately 7.5% in women in New Mexican) illustrate the importance of
obtaining population-specific baseline estimates for this evaluation.
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The finding of lengthened screening intervals in 2007 compared with 2002 noted in the
current study, without an increasing percentage of women with intervals of >4 years, is
encouraging, suggesting that, in regularly screened women, the lengthened screening
intervals did not negatively affect the receipt of screening as recommended by guidelines.
Compared with the current study finding that <10% of routinely screened women had not
been previously screened for >4 years, Schabert et al found that among women screened in
2000, 4% subsequently had a 4-year screening interval and 27% were not rescreened for =5
years (although 4.6% of the latter group had evidence of hysterectomy after the initial
screen).28 This percentage was 11% in the NHIS sample.

Rates of Pap screening and follow-up diagnostic testing in the fee-for-service setting in the
study by Schabert et al demonstrated temporal patterns somewhat similar to the results of
the current study. Schabert et al reported age-adjusted rates for women aged 20 to 64 years
of 539 per 1000 women in 2000 and 515 per 1000 women in 2004.28 These rates are higher
than the current study's reported 2000 and 2004 Pap screening rates: 378 and 344 per 1000
person-years, respectively. However, the rates reported by Schabert et al include multiple
tests per year for some enrollees and only included those women with at least 1 medical
claim for a routine cervical cancer screening. Kruzikas et al?? reported that rates of cervical
diagnostic procedures remained relatively stable from 2001 through 2006, which is similar
to 2 of the 4 health plans in the current study.

The current study has certain limitations. The cervical cancer screening and follow-up
reported herein may not be representative of patterns in the entire US population, which
includes women who are uninsured and those in fee-for-service arrangements. However, the
current study populations had socioeconomic and racial/ethnic profiles similar to those
women in their local communities. Cervical treatments were identified from CPT codes and
may have been underascertained in some health plans. However, we were able to provide a
more complete picture than is available elsewhere because the health plans in the current
study regularly update cancer screening guidelines in tandem with national consensus
guidelines, have high-quality electronic medical record data, and have relatively stable
member populations.

Although many previous studies have modeled event rates, treatment protocols, and
outcomes for cervical HPV-related disease using algorithms based on published literature,30
to the best of our knowledge only a few reports to date have provided detailed information
regarding screening, diagnosis, and follow-up in populations with documented health
service information. The results of the current study add to the literature, providing
important data with which to inform modeling studies and local and national policy
decisions on cervical cancer screening as well as providing a baseline to permit the future
evaluation of changes resulting from the uptake of HPV vaccination.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Annual rates per 1000 person-years of Papanicolaou testing in 4 managed care plans for the

period 1998 through 2007. P value tests for trend were as follows: site A: P=.12; site B: P=.
23; site C: P<0.01; and site D: P<0.01.

Cancer. Author manuscript; available in PMC 2015 September 01.

-

2007



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Weinmann et al.

Page 12

130 ]

125 .,-"'f
120 /

Rate per 1,000 person-years

\{’-K
/

20 !-’i
18 e

{
16 e

.-"M l"
14 S v
{

A
\.

A— /
6—p.-~r- 7
4| C oeeree ‘,"

D EEEm “I’

0 > § T | ] I.'-.--* | ] | |
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Calendar year

Figure 2.

Annual rates per 1000 person-years of human papillomavirus testing in 4 managed care
plans for the period 1998 through 2007. The circles indicate the calendar year in which
human papillomavirus testing became the guideline in each health plan: 2005 for sites A and
D, 2006 for site C, and 2007 for site B. The rates for Site D in 2006 and 2007 are 125 and
130 per 1000 person-years, respectively.
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Figure 3.
Estimated time from last routine cervical screen with a negative result among women

undergoing Papanicolaou test screening in 2002 and 2007 by health plan. Site D did not
have 4.5 years' worth of data for the 2002 calculation.
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Figure4.
Annual rates per 1000 person-years of diagnostic cervical biopsy in 3 managed care plans

for the period 1998 through 2007.
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Figureb.
Annual rates per 1000 person-years of cervical surgical treatment in 4 managed care plans

for the period 1998 through 2007.
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