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Abstract
Background: Potential care gaps in the cervical cancer screening process among 
women diagnosed with cervical cancer in an era with increased human papillo-
mavirus (HPV) testing have not been extensively evaluated.
Methods: Women diagnosed with cervical cancer between ages 21 and 65 at 
four study sites between 2010 and 2014 were included. Screening histories were 
ascertained from 0.5 to 4 years prior to cervical cancer diagnosis. We identified 
potential care gaps in the screening history for each woman and classified them 
into one of three mutually exclusive types: lack of a screening test, screening test 
failure, and diagnostic/treatment care gap. Distributions of care gaps were tabu-
lated by stage, histology, and study site. Multivariable nominal logistic regression 
was used to examine the associations between demographic and cancer charac-
teristics and type of care gap.
Results: Of 499 women evaluated, 46% lacked a screening test in the time win-
dow examined, 31% experienced a screening test failure, and 22% experienced a 
diagnostic/treatment care gap. More than half of the women with advanced can-
cer and squamous cell carcinoma lacked a screening test compared to 31% and 
24% of women with localized cancer and adenocarcinoma, respectively. Women 
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1   |   INTRODUCTION

Screening can prevent both incidence of and mortality 
from cervical cancer.1 The complete cancer screening pro-
cess involves risk assessment, detection, diagnosis, and 
treatment.2 Care gaps in any of these steps can reduce the 
effectiveness of a cancer screening program. In the United 
States, approximately 12,000 women are diagnosed with 
cervical cancer annually.3 Prior to the introduction of 
human papillomavirus (HPV) testing, these cervical can-
cer diagnoses were found to be largely attributable to fail-
ure to screen followed by failure of the screening test (i.e., 
cytology test) to detect abnormal cells.4

US cervical cancer screening guidelines have moved 
from annual screening to longer screening intervals. More 
modality options are available in addition to cytology test-
ing alone, including reflex HPV testing, concurrent cy-
tology and HPV co-testing,5 and, more recently, primary 
HPV testing.6 These guideline changes may have shifted 
the type of care gaps that contribute to cervical cancer de-
velopment. Therefore, it is critical to provide data on care 
gaps in the cervical cancer screening process during the 
time period when HPV testing was increasingly used.

We examined screening, diagnostic follow-up, and 
treatment history among women diagnosed with cervical 
cancer in diverse US health care settings between 2010 
and 2014. Our objectives were to: (1) identify the most re-
cent care gaps preceding diagnosis in the cervical cancer 
screening process; and (2) describe patient and cervical 
cancer characteristics associated with different types of 
care gaps across these diverse healthcare delivery settings.

2   |   METHODS

2.1  |  Study settings

This study was conducted as part of the National Cancer 
Institute-funded Population-based Research Optimizing 

Screening through Personalized Regimens (PROSPR I) 
consortium. The 10 PROSPR I study sites reflect the diver-
sity of US delivery system organizations.2,7 This study used 
data from the following four study sites contributing cer-
vical cancer screening process data8: Kaiser Permanente 
Southern California (KPSC), Kaiser Permanente Northern 
California (KPNC), Parkland-University of Texas 
Southwestern (Parkland-UTSW), and the University of New 
Mexico (UNM). The health care settings and study popula-
tions for these PROSPR I sites have been described in detail 
previously.8 The PROSPR I Statistical Coordinating Center 
located at the Fred Hutchinson Cancer Research Center 
was responsible for data harmonization across the study 
sites, quality assurance, and statistical analyses. All study 
activities were approved by the Institutional Review Boards 
of the participating sites and the Statistical Coordinating 
Center and included waivers of informed consent.

For women ages 30 years and older, cytology with HPV 
co-testing was adopted as the preferred screening strategy 
by KPNC and KPSC in 2003 and 2004, respectively. Co-
testing was introduced as an option that could be selected 
by providers at Parkland-UTSW and in New Mexico in 
2004. During the study period, cytology with reflex HPV 
testing was the preferred screening strategy at Parkland-
UTSW. The co-testing proportion for screened women age 
21–29 years ranged from a low of 4% in Parkland-UTSW 
to a high of 18% in KPNC; for women age 30–65 years, it 
was >98% in KPSC/KPNC, 34% in the NMHPVPR, and 
18% in Parkland-UTSW. The HPV reflex testing propor-
tion (among those screened with cytology) ranged from 
4.5% in KPNC to 7.1% in the NMHPVPR for women age 
21–29 years, and from 0% in KPSC and KPNC to 3.8% in 
Parkland-UTSW for women age 30–65 years. The preva-
lence of HPV co-testing and HPV reflex testing for each 
site was estimated using the method described by Cuzick 
et al..9 HPV tests with genotyping information were used 
for screening for some women in New Mexico, but no 
other study site performed HPV genotyping during the 
study period.

aged 21–29 at diagnosis were more likely to experience screening test failure and 
diagnostic/treatment care gap, while those aged 50–65 were more likely to lack a 
screening test, compared to women aged 30–39.
Conclusions: Our findings demonstrate a continuing need to develop interven-
tions targeting unscreened and under-screened women and improve detection 
and diagnosis of adenocarcinoma in women undergoing cervical cancer screen-
ing and diagnostic follow-up.

K E Y W O R D S

cancer screening, cervical cancer, cervical cancer prevention, cervical cancer screening, health 
service research
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      |  3707CHAO et al.

2.2  |  Study population

The PROSPR I cervical study population for this anal-
ysis included women ages 18–89 between 2010 and 
2013 at KPSC, KPNC, and Parkland-UTSW; and be-
tween 2012 and 2014 in the NMHPVPR. At all sites, 
the study period preceded use of primary HPV test-
ing. Cervical cancers diagnosed in the study popula-
tions were identified through linkage to local, state, or 
Surveillance, Epidemiology, and End Results (SEER) 
cancer registries. We restricted analyses to women who 
were 21–65 years old when diagnosed with invasive 
cervical cancer (i.e., within the recommended screen-
ing age range for average-risk individuals). To evaluate 
screening history prior to cancer diagnosis, we further 
restricted to those with ≥4 years of health plan mem-
bership prior to cancer diagnosis at KPSC and KPNC 
and ≥4 years of engagement (i.e., active medical record) 
with Parkland-UTSW.10 All women with a cervical can-
cer diagnosis who met the age criterion were included 
from the NMHPVPR.

2.3  |  Data collection

Information on age, race/ethnicity, cervical cancer di-
agnosis date, cervical cancer stage at diagnosis (SEER 
Summary Stage11), and cervical cancer histology was 
obtained from local, state, or SEER cancer registries. 
Information on cervical cancer screening tests (cytology 
and HPV), diagnostic and treatment procedures, and their 
results in the 4 years preceding the cervical cancer diag-
nosis were obtained from clinical and administrative data 
sources at KPSC, KPNC, and Parkland-UTSW and from 
registry information systems at NMHPVPR. Cytology re-
sults were classified using the Bethesda system.12 All study 
sites used programmatic text string searches or natural 
language processing to extract diagnoses from pathology 
reports from biopsies, excisions, and relevant surgeries. If 
more than one histopathologic diagnosis was associated 
with a procedure, the most severe diagnosis was recorded 
for the procedure. Data sources and collection methods 
have been previously described in detail.8

2.4  |  Identification of potential care gaps 
in the screening history

We examined potential care gaps in cervical cancer screen-
ing history in a “lookback period” from 6 months to 4 years 
prior to cervical cancer diagnosis (i.e., 3.5 years in length). 
Based on screening guidelines at the time,13,14 women in-
cluded in this study should have been screened for cervical 

cancer approximately every 1–3 years (depending on age 
and the specific screening modality). Thus, we expected 
to observe at least 1 screening test for each woman in the 
lookback period. The 6-month period immediately prior 
to the cancer diagnosis was excluded to allow for diagnos-
tic work up. Based on the natural history of cervical can-
cer, we assumed that a screening test during this window 
should have detected an abnormality. Thus, we sought to 
identify the most recent care delivery gap in the lookback 
period hierarchically as: (#1) treatment of precancer failed 
to prevent cancer; (#2) gap in obtaining timely precancer 
treatment; (#3) failure of colposcopy to detect precancer 
defined as cervical intraepithelial neoplasia grade 2 or 
greater (CIN2+); (#4) gap in obtaining timely colposcopy 
after abnormal screening results; (#5) screening test failure 
including screening results that were completely normal/
negative or abnormal results that should receive follow-
up testing on alternate time intervals and not immediate 
colposcopy as per management guidelines15,16; (#6) lack 
of on-time screening; and (#7) no observable care gap. 
Detailed methods for identifying and assigning care gaps 
are provided in Figures 1 and 2, and Appendix S1.

These care gaps were further grouped into three types 
that corresponded to different domains of the cancer 
screening process: (I) lack of a screening test, (II) screen-
ing test failure, and (III) diagnostic/treatment care gap. 
These types correspond to care gaps #6, #5, and #1–4 
above, respectively.

2.5  |  Statistical analysis

We compared demographic and clinical characteris-
tics for women with cervical cancer who were included 
vs. excluded from the study. Among those included, we 
examined the distributions of demographic and clinical 
characteristics. We then examined the distributions of 
the care gaps by stage at diagnosis [SEER summary stage 
localized (FIGO [International Federation of Gynecology 
and Obstetrics] stage I) versus advanced stages (regional 
(FIGO stage II-III) and distant stages (FIGO stage IV))], 
histology, and study site.

We estimated the crude and adjusted associations be-
tween demographic and clinical characteristics and the 
most recent care gap type as the outcome of interest. 
Multivariable nominal logistic regression was performed, 
mutually adjusted for year of diagnosis, age at diagnosis, 
race/ethnicity, stage at diagnosis, histology, and study site. 
The models result in two odds ratios for each exposure 
with the outcomes of (1) “diagnostic/treatment care gap” 
and (2) “screening test failure”, with each compared to the 
“lack of a screening test” outcome. All analyses were con-
ducted using the statistical package R, version 3.5.2.17
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3   |   RESULTS

A total of 969 cervical cancers were diagnosed at the 
four study sites during the study period; 505 met the in-
clusion criteria. Across sites, the majority (59%) of can-
cers were diagnosed at a localized stage (FIGO stage I) 
and a majority were squamous cell carcinomas (SCC) 
(Table 1). Adenocarcinomas comprised 35% of the cancers. 
Comparison of characteristics for the 505 women included 
versus 464 women excluded from the study were similar 

across study sites, except for age (younger women were less 
likely to have ≥4 years of prior health plan membership/en-
gagement compared with older women, data not shown).

3.1  |  Distribution of potential care gaps 
overall and by stage at diagnosis

A total of 499 women were assigned care gaps (6 women 
had missing cytology results thus their care gap could 

F I G U R E  1   Gaps in the cervical cancer screening process in the presumed chronology of events. Care gaps were hierarchically assigned 
moving from right to left such that the most recent gap took precedence.

F I G U R E  2   Algorithm for assigning failure type in the cervical cancer screening process. * Abnormal screening results defined as 
atypical squamous cell of undetermined significance (ASC-US)/HPV+ or more severe result. The 2012 national cervical cancer screening 
guidelines were used to determine this for those who had Pap test alone, co-testing or HPV reflex. Determination depends on age as per 
clinical guidelines. **Abnormal results that should receive follow-up testing on alternate time intervals and not immediate colposcopy [i.e., 
NILM / high-risk (hr) HPV positive or ASC-US/ hrHPV negative] as per management guidelines for cervical abnormalities.13,14 The latter 
two abnormal results were considered screening test failures because findings may not have warranted an immediate colposcopy referral. 
Although some of these results may have been the second or third abnormal findings under the co-testing or HPV reflex algorithm, they 
were treated equally as the first co-testing/HPV reflex result for the purpose of this analysis given uncertainty in follow-up regimens (i.e., 
they do not always trigger immediate colposcopy referral depending on if it is the first or second/repeated test). Further, the design of the 
lookback period in this study precluded determining if a result was from a repeat test. †Six women had missing results for Pap test and were 
excluded as it was not possible to correctly assign their care gap.

 20457634, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5226 by U
niversity O

f N
ew

 M
exico, W

iley O
nline L

ibrary on [06/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  3709CHAO et al.

 20457634, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5226 by U
niversity O

f N
ew

 M
exico, W

iley O
nline L

ibrary on [06/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3710  |      CHAO et al.

not be assigned). Overall, 46% did not have a screening 
test in the lookback window, 31% had a screening test 
failure, while 22% experienced a diagnostic/treatment 
care gap (Table  2). Women diagnosed with advanced 
stage cancer predominantly lacked a screening test in 
the lookback period (70%), while 20% had a screening 
test failure and 10% had a diagnostic/treatment care 
gap. Of note, 26% of those diagnosed at distant stage 
experienced a “screening test failure” (i.e., a test with 
results that would not trigger immediate colposcopy re-
ferral). Among women with localized cancer, 31% did 
not have a screening test in the lookback period, 38% 
had a screening test failure, while 30% experienced a di-
agnostic/treatment care gap.

3.2  |  Distribution of potential care gaps 
by histology and study site

When we examined the care gap distribution by histology, 
only a quarter of the women with adenocarcinoma lacked 
a screening test compared with 57% of the women with 
SCC (Table 2). In contrast, a larger proportion of women 
with adenocarcinoma experienced a screening test failure 
(46% vs. 24% of women with SCC) and diagnostic/treat-
ment care gap (30% vs. 19% of women with SCC).

Care gap distributions also varied significantly by study 
site (Table  S1). Sites 1 and 2 had similar proportions of 
women in all three types of care gaps. However, at sites 3 
and 4, lack of a screening test in the lookback period was 

T A B L E  1   Characteristics of women diagnosed with cervical cancer between ages 21–65 years at PROSPR I cervical sites

Site 1 Site 2 Site 3 Site 4 Total

Cases diagnosed N = 152 N = 113 N = 78 N = 162 N = 505

Diagnosis year 2010–2012 117 (77.0%) 90 (79.6%) 48 (61.5%) 57 (35.2%) 312 (61.8%)

2013–2014 35 (23.0%) 23 (20.4%) 30 (38.5%) 105 (64.8%) 193 (38.2%)

Age at diagnosis (years) 21–29 6 (3.9%) <5a <5a 20 (12.4%) 33 (6.5%)

30–39 33 (21.7%) 26 (23.0%) 29 (37.2%) 37 (22.8%) 125 (24.8%)

40–49 44 (28.9%) 38 (33.6%) 18 (23.1%) 44 (27.2%) 144 (28.5%)

50–59 51 (33.6%) 26 (23.0%) 22 (28.2%) 45 (27.8%) 144 (28.5%)

60–65 18 (11.8%) 20 (17.7%) 5 (6.4%) 16 (9.9%) 59 (11.7%)

Race/ethnicity Non-Hispanic White 55 (36.2%) 70 (62.0%) 16 (20.5%) 73 (45.1%) 214 (42.4%)

Non-Hispanic Black 14 (9.2%) 8 (7.1%) 23 (29.5%) <5a 47 (9.3%)

Hispanic 56 (36.8%) 19 (16.8%) 36 (46.2%) 69 (42.6%) 180 (35.6%)

Asians/Pacific 
Islander

25 (16.4%) 15 (13.3%) <5a <5a 45 (8.9%)

Other/Unknown <5a <5a <5a 15 (9.3%) 19 (3.8%)

SEER summary stage at 
diagnosisb

Localized 94 (61.8%) 78 (69.0%) 40 (51.3%) 88 (54.3%) 300 (59.4%)

Regional 47 (30.9%) 21 (18.6%) 23 (29.5%) 49 (30.3%) 140 (27.7%)

Distant 11 (7.2%) 13 (11.5%) 11 (14.1%) 19 (11.7%) 54 (10.6%)

Unknown 0 (0%) <5a <5a 6 (3.7%) 11 (2.2%)

Histology Squamous cell 
carcinoma

87 (57.2%) 47 (41.6%) 59 (75.6%) 110 (67.9%) 303 (60.0%)

Adenocarcinoma 61 (40.1%) 57 (50.4%) 15 (19.3%) 42 (25.9%) 175 (34.7%)

Other 4 (2.6%) 9 (8.0%) <5a 10 (6.2%) 27 (5.3%)

Health insurance type Commercial/private 143 (94.1%) 95 (84.2%) <5a NA 240 (47.5%)

Medicaid <5a <5a 28 (35.9%) NA 33 (6.5%)

Medicare 6 (3.9%) 16 (14.2%) <5a NA 25 (5.0%)

Uninsured 0 (0%) 0 (0%) 22 (28.2%) NA 22 (4.4%)

Other/Unknown 0 (0%) 0 (0%) 23 (29.5%) 162 (100%) 185 (36.6%)

Abbreviations: NA, Information not available; PROSPR I, Population-based Research Optimizing Screening through Personalized Regimens-1; SEER, 
Surveillance, Epidemiology, and End Results.
aActual number not shown when cell size <5 for site-specific data.
bSEER Summary Stage Localized = FIGO stage I, Regional = FIGO stage II and III, Distant = FIGO stage IV.
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the dominant type of care gap, while diagnostic/treatment 
care gaps were less common.

3.3  |  Distribution of screening 
modality and results among those with 
“screening test failure”

Of the 156 women who experienced a screening test 
failure, 59 had a cytology test only and 97 had a co-test. 
Among the 97 women with a co-test, the results were 
negative/unsatisfactory cytology and negative HPV test 
[n = 63 (65%); 2 with unsatisfactory cytology], negative/
unsatisfactory cytology test and positive HPV test [n = 27 
(28%); 1 with unsatisfactory cytology], and ASC-US and 
negative HPV test [n  =  6 (6%)]. One woman (6%) had 
ASC-US and positive HPV which did not require immedi-
ate colposcopy due to young age.

3.4  |  Characteristics associated with care 
gap types among women diagnosed with 
cervical cancer

In multivariable analyses, women diagnosed at ages 21–
29 were more likely to have experienced a “screening test 
failure” and “diagnostic/treatment care gap” rather than 
“lack of a screening test” compared to women diagnosed 
at ages 30–39: odds ratios (ORs) and 95% confidence inter-
vals (95% CIs) for age 21–29 years versus 30–39 years = 3.58 
(1.18–10.80) and 3.43 (1.04–11.30), respectively (Table  3). 
In contrast, opposite associations were observed for women 
diagnosed at ages 50–65. Non-Hispanic Black and Asian/
Pacific Islander women with cancer were more likely to 
have experienced a “screening test failure” and “diagnostic/
treatment care gap” rather than “lack of a screening test” 
compared to non-Hispanic White women with cancer. 
Women diagnosed with advanced stages were less likely to 
have experienced a screening test failure or diagnostic/treat-
ment care gap than women with localized cancer. Women 
with adenocarcinoma were more likely to have experienced 
a screening test failure or diagnostic/treatment care gap 
than women with SCC (Table 3).

4   |   DISCUSSION

In interpreting our results, it is important to consider several 
features of the study design. First, every woman had cervi-
cal cancer and was assigned a potential care gap. Thus, the 
mutually exclusive care gap categories sum to 100%. Our 
results should be interpreted as such and not as underlying 
rates of care gaps among all women undergoing screening. 

Second, the goal of the study was not to make a causal infer-
ence about which gaps, if any, lead to cancer. This was not a 
study of screening effectiveness; such a study would require 
control groups. Third, because the lookback period was only 
up to 3.5 years in length, we could only examine the most 
recent care gap. Additionally, early detection of cervical 
cancer can be considered a success; however, because it is 
preventable by screening, we included all stages of invasive 
cancer in this analysis. With these considerations in mind, 
our study still provides important information on under-
standing gaps in cervical cancer screening delivery.

In our study, 46% of women diagnosed with cervical 
cancer lacked a recent screening test in the lookback pe-
riod, 31% experienced a screening test failure, and 22% ex-
perienced a diagnostic/treatment failure care gap. Thus, 
gaps in obtaining recent screening remained a common 
phenomenon among women diagnosed with cervical can-
cer, especially among those diagnosed at advanced stages, 
despite decades of widespread cervical cancer screening 
in the United States. About 70% of women diagnosed with 
localized cervical cancer in this study experienced either 
a screening test failure or diagnostic/treatment care gap. 
These data suggest that interventions other than those re-
lated to screening uptake are worth exploring.

Most prior studies have reported screening process 
failures in women diagnosed with cervical cancer be-
fore co-testing with cytology and HPV tests was widely 
adopted. Spence and colleagues systematically reviewed 
studies from Europe, the United States, and Australia be-
tween 1950 and 200718 and reported that, on average, 54% 
of women with cervical cancer did not have an adequate 
screening history. Among those screened, an estimated 
29% experienced at least one false-negative cytology re-
sult, and among those with an abnormal screening result, 
12% had inadequate follow-up. Significant heterogeneity 
in results was observed in prior studies across countries, 
study settings, and calendar years.

In our study, a considerable proportion of women ex-
perienced a screening test failure, including those from 
study sites where co-testing was performed in almost 100% 
of the women in the recommended age range. Notably, a 
large proportion (65%) of women screened by co-testing 
who experienced a screening test failure had both nega-
tive cytology and HPV test (which could be due to inad-
equate sampling not recognized initially), while most of 
the remaining women had a negative cytology test and a 
positive HPV test. A prior study by Castle and colleagues 
examined screening histories of women diagnosed with 
cervical cancer at KPNC after the implementation of co-
testing.19 They also observed that a considerable propor-
tion of these women experienced diagnostic delays due 
to the need for repeat testing of specific co-testing results 
(e.g., negative Pap test and a positive HPV test). For some 

 20457634, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5226 by U
niversity O

f N
ew

 M
exico, W

iley O
nline L

ibrary on [06/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  3713CHAO et al.

of these women, triaging based on HPV genotypes (i.e., 
sending women with HPV 16/18 directly to colposcopy) 
may mitigate the delay due to the repeated testing algo-
rithm recommended with co-testing.20,21 In addition, 45% 
of the women with cervical adenocarcinoma experienced 
a screening test failure in our study. This is consistent with 

previous research.4,10,18 A cytology test is not as sensitive 
for detecting adenocarcinoma in situ (AIS) or adenocarci-
noma.22,23 It should also be noted that in our study 26% of 
women with distant stage cancer experienced a screening 
test failure. It is possible that some of these are missed by 
the evaluators or obscured samples due to the presence 

Screening test failure 
(N = 156)a

Diagnostic/treatment care 
gap (N = 111)a

Comparison group for outcomes:
Lack of a screening test (N = 231)a

Odds Ratio (95% CI)b

Diagnosis year

2010–2012 Ref Ref

2013–2014 1.42 (0.83–2.43) 1.66 (0.89–3.08)

Age at diagnosis (years)

21–29 3.58 (1.18–10.80) 3.43 (1.04–11.30)

30–39 Ref Ref

40–49 0.77 (0.40–1.49) 0.73 (0.36–1.51)

50–59 0.48 (0.24–0.93) 0.34 (0.15–0.73)

60–65 0.38 (0.15–0.93) 0.35 (0.13–0.96)

Race/ethnicity

Non-Hispanic White Ref Ref

Non-Hispanic Black 2.64 (1.07–6.47) 2.85 (1.00–8.13)

Hispanic 1.65 (0.93–2.93) 1.55 (0.82–2.96)

Asian/Pacific Islander 2.67 (1.07–6.67) 2.75 (1.02–7.38)

Other/Unknown 0.62 (0.17–2.24) 0.34 (0.06–1.90)

SEER summary stage at 
diagnosis

Localized Ref Ref

Regional 0.19 (0.11–0.35) 0.14 (0.07–0.29)

Distant 0.50 (0.23–1.11) 0.15 (0.04–0.55)

Unknown 1.31 (0.25–6.79) 1.62 (0.24–11.10)

Histology

Squamous cell 
carcinoma

Ref Ref

Adenocarcinoma 3.91 (2.31–6.61) 3.12 (1.73–5.62)

Other 0.42 (0.13–1.34) 0.38 (0.09–1.66)

Study site

Site 1 1.30 (0.65–2.58) 1.75 (0.83–3.67)

Site 2 Ref Ref

Site 3 0.25 (0.11–0.59) 0.10 (0.03–0.32)

Site 4 0.35 (0.17–0.73) 0.30 (0.13–0.69)

Abbreviations: CI, confidence interval; Ref, reference group; SEER, Surveillance, Epidemiology, and End 
Results.
aOne woman without a clear care gap and 6 women with missing results for Pap test (thus it was not 
possible to correctly assign their care gap) were excluded, leaving 498 women in this analysis.
bModel adjusted for all variables shown in this table. We did not include insurance type in this analysis 
due to inability to obtain stable estimates for insurance type. Additionally, adjusting for insurance type 
did not lead to material changes of the results presented in this table.

T A B L E  3   Adjusted odds ratios from 
multivariable nominal logistic regression 
for care gap type among women 
diagnosed with cervical cancer
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of blood and necrosis. In a recent study, variations in 
sampling and cytology interpretation each accounted for 
about half of the false-negative Pap tests.24

Taken together, these data suggest the need to further 
improve screening coverage and detection of cervical pre-
cancers. A recent study reported that lack of knowledge 
was the biggest barrier for getting timely screening among 
under-screened women.25 To this end, educational media 
campaigns and physician communications/outreach have 
been shown effective in improving screening coverage.26 
With updated guidelines recommending primary HPV 
screening, home-based self-collection for HPV testing 
may be a promising approach to screen women who are 
unable or prefer not to have a clinician collected sam-
ple.27–29 Beyond screening uptake, new techniques such 
as dual stain and methylation may help risk stratify pa-
tients with abnormal screening results to colposcopy and 
biopsy.30–33 New studies have supported enhanced biopsy 
practice (e.g., random four-quadrant biopsies) to improve 
detection,34,35 especially for adenocarcinoma.36 The devel-
opment of prediction models may help optimize the use 
of endocervical curettage in clinical practice. Accelerating 
the uptake of latest practice guidelines and validated new 
tools/technology by community-based practices will be 
critical to further reduce the incidence of cervical cancer.

We also observed varying distributions of care gaps 
among women diagnosed with cervical cancer across the 
study sites. The differences observed may reflect heteroge-
neity across study sites in cervical cancer screening prac-
tices (i.e., differences in the screening modalities used, 
guidelines followed, presence of an organized screening 
program, level of in-/outreach by the healthcare sys-
tem), study eligibility criteria (i.e., enrollment vs. non 
enrollment-based sites which may affect data complete-
ness), and differing characteristics of the populations 
served across study sites.8

Women diagnosed at age 50–65 years were more likely 
to lack a screening test (rather than the other care gaps) 
in the lookback period compared to women diagnosed at 
age 30–39 years. Although we did not evaluate screening 
rates, this association is consistent with the literature ob-
serving that screening rates decline with age.37 A recent 
study based on women diagnosed with cervical cancer in 
New Mexico also reported similar findings for women age 
45–64.38 Conversely, women ages 21–29 were more likely 
to have experienced care gaps in detection and diagnosis/
treatment (rather than lack of screening). This observa-
tion may be partially explained by different screening 
approaches for this age group (i.e., cytology only or cy-
tology with HPV reflex), and the generally less aggres-
sive management strategies for detected abnormalities.39 
Further, we observed that non-Hispanic Black and Asian/
Pacific Islander women diagnosed with cervical cancer 

more often experienced a screening test failure and/or a 
diagnostic/treatment care gap, and thus less often lacked 
a screening test. The finding for Asian/Pacific Islander 
women with cervical cancer is somewhat in contrast to 
the national reports of lower cytology screening rates 
among Asian women compared with non-Asian women.40 
As most Asian/Pacific Islander women in this study were 
KPNC and KPSC members, it is possible that Asian/
Pacific Islander women may not be less likely to screen 
when they are insured and/or when there are centralized 
reminders. The findings for non-Hispanic Black women 
in this study are generally consistent with several previous 
studies that reported that Black women were less likely to 
receive diagnostic procedures after an abnormal screening 
result compared to white women.41,42 Specific barriers for 
diagnostic follow-up for non-Hispanic black and Asian/
Pacific Islander women should be further identified to in-
form design of effective interventions.

There are several limitations that should be considered 
when interpreting the study results. In addition to those 
noted above, our relatively short (3.5-year) lookback period 
precluded a more detailed evaluation of care gaps for certain 
follow-up algorithms of co-testing or HPV reflex. Monitoring 
screening patterns over longer periods is challenging due to 
people's movement across health care settings in the US43,44 
and such data were unavailable for our study population. 
Second, 40% of the women diagnosed with cervical cancer 
during the study period were excluded from the analysis due 
to lack of sufficient clinical history for review. Our findings 
may not represent the experiences of women who are en-
gaged with healthcare systems for shorter periods of time 
and who are uninsured. Further, misclassification of the 
care gap in women in the NMHPVPR may be possible be-
cause we were unable to identify and exclude women who 
did not have a full 4-year residential history in New Mexico 
prior to cancer diagnosis. Third, our definition of care gap 
within the lookback period may not be 100% accurate for 
highly aggressive, fast progressing cancers (e.g., a pre-cancer 
lesion may not be present in the lookback period), although 
this is expected to be rare. Fourth, the sample size was small 
for certain comparisons (e.g., women diagnosed between 
ages 21–29), resulting in somewhat wide confidence inter-
vals. Fifth, we were unable to distinguish tests that were 
done for surveillance versus routine screening. Finally, this 
study was conducted prior to the release of guidelines rec-
ommending primary HPV testing which has had a slow 
adoption in the US.6 Future studies should continue to mon-
itor if distribution of care gaps shifts with more widespread 
implementation of this modality and more recent changes 
in management guidelines.

Despite these limitations, our study has several unique 
strengths. We are among the first to describe recent screen-
ing care gaps in cervical cancer cases diagnosed in diverse 
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health care settings in an era with increased HPV testing. 
Additionally, the detailed algorithms used to understand 
gaps in each step of the screening process can be readily 
adopted by other healthcare settings with varying screen-
ing protocols.

5   |   CONCLUSION

The effectiveness of population-based cervical cancer 
screening, including screening coverage, test performance, 
and timely follow-up care continue to deserve attention to 
further prevent cervical cancer. Our results indicate that 
screening adherence and timely diagnostic evaluation may 
represent opportunities for quality improvement. Future 
quantitative and qualitative research is needed to better un-
derstand and address heterogeneity in the cervical cancer 
screening process across diverse US health care settings and 
potential disparities across age groups and by race/ethnicity.
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