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Recent research suggests that cervical screening of older women is associated with a considerable decrease in
cervical cancer incidence. We sought to quantify the efficacy of cervical cytology screening to reduce death from
this disease. Among enrollees of 2 US health plans, we compared Papanicolaou smear screening histories of
women aged 55-79 years who died of cervical cancer during 1980-2010 (cases) to those of women at risk of cer-
vical cancer (controls). Controls were matched 2:1 to cases on health plan, age, and enroliment duration. Cytology
screening during the detectable preclinical phase, estimated as the 5-7 years before diagnosis during which cer-
vical neoplasia is asymptomatic but cytologically detectable, was ascertained from medical records. A total of 39
cases and 80 controls were eligible. The odds ratio of cervical cancer death associated with screening during the
presumed detectable preclinical phase was 0.26 (95% confidence interval: 0.10, 0.63) after adjustment for matching
characteristics, smoking, marital status, and race/ethnicity using logistic regression. We estimate that cervical cy-
tology screening of all women aged 55—79 years in the United States could avert 630 deaths annually. These results
provide a minimum estimate of the efficacy of human papillomavirus DNA screening—a more sensitive test—to

reduce cervical cancer death among older women.

case-control studies; Papanicolaou smear; screening; uterine cervical neoplasms; women'’s health

Abbreviations: Cl, confidence interval; DPP, detectable preclinical phase; HPV, human papillomavirus; ICC, invasive cervical can-
cer; KPNW, Kaiser Permanente Northwest; OR, odds ratio; Pap, Papanicolaou; SCC, squamous cell carcinoma.

Cervical cancer screening by means of cytology, or the Pa-
panicolaou (Pap) smear, seeks to detect precancerous or can-
cerous cervical lesions prior to symptom onset. Research has
consistently observed that cervical cytology screening is
highly efficacious against invasive cervical cancer (ICC) in-
cidence and death among women of reproductive age (1-3).
Data regarding the utility of screening older women for cer-
vical cancer are limited. Analyses from Sweden and Finland
suggest that participation in national organized cervical can-
cer screening programs is associated with 51%—64% reduc-
tions in cervical cancer incidence among older women (4,
5). In the United States, data from Kamineni et al. (6) suggest
that cervical cancer screening among women aged 55-79
years is associated with a 77%—79% reduction in cervical
cancer incidence.

Whether cytological screening reduces ICC death to a sim-
ilar degree as its apparent reduction of ICC incidence has not
been well evaluated in older women. Screening may prefer-
entially detect slow-growing lesions and/or those lesions that
are treatment responsive, in which case screening would not
be as efficacious in reducing ICC death as its apparent reduc-
tion of incidence (7). However, 2 recent analyses suggest that
cytology screening is associated with a substantial mortality
benefit for older women. A case-only analysis of Sweden’s
cervical cancer screening registry found that women aged
66 years or older at diagnosis experienced a 36% increase
in long-term survival if their cancers were detected by screen-
ing rather than clinically (8). A Finnish case-control study ob-
served that the receipt of a negative Pap smear in the national
screening program was associated with reduced cervical
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cancer death among women aged 55-69 years (9). Nonethe-
less, limitations in the information available from these national
registries—such as lack of data on the presence of signs and/or
symptoms at the time of each Pap smear, hysterectomy status,
potential confounders, and the receipt of “opportunistic”
smears outside national screening programs—restrict the con-
clusions that can be drawn from these results.

We sought to quantify the efficacy of cervical cancer
screening to reduce cervical cancer death among older Amer-
ican women.

METHODS
Study design

In this population-based case-control study, we compared
cervical cytology screening histories of women who died of
cervical cancer (cases) to those of a sample of women at risk
of cervical cancer who were otherwise similar (controls) from
2 health plans in the US Pacific Northwest. Receipt of cervi-
cal cancer screening during the presumed detectable preclin-
ical phase (DPP) of cervical cancer development was the
primary exposure (bolded along the x-axis in Figure 1). For
cervical cytology screening, the DPP begins when a prema-
lignant lesion is detectable by cytology and ends with the
onset of clinical signs or symptoms of ICC. A deficit of
screening among cases relative to controls should be observ-
able during this period if the test is beneficial (10, 11). Inclu-
sion in the analysis of periods prior to or after the DPP
attenuates the estimated benefit (10, 12).

Operationally, we first ascertained for each case the date of
onset of clinical signs or symptoms that led to the diagnosis

Cancer first
detectable

— |

Cases (n = 100)

of cervical cancer (the index date) by means of a standardized
medical record review. Cervical cancer signs or symptoms
were defined as postmenopausal bleeding, postcoital bleed-
ing, vaginal bleeding, nonspecific bleeding, abdominal pain,
vaginal discharge, weight loss, obstructive uropathy, or asci-
tes in the 12 months prior to cervical cancer diagnosis. If a
case was screen detected, the screening date was the index
date. The index date for each control matched that of her re-
spective case. Second, whether a subject was screened for
cervical cancer in the 7 years prior to the index date was as-
certained from the medical records. Only screening tests (i.e.,
those performed in the absence of cervical cancer signs or
symptoms) that occurred within 7 years before the index
date were included in the analysis, because ICC incidence
among Pap smear—negative women aged 55—79 years returns
to that of unscreened women 5-7 years after a negative test.
Numerous studies (6, 13, 14) have corroborated this 7-year
estimate of the DPP for cervical cancer, though others have
estimated that cervical cancer is detectable for up to 30
years (15). If the true DPP began more than 7 years before
the index date—that is, if cervical cancer precursors were de-
tectable by Pap smear for more than 7 years prior to the onset
of cervical cancer signs or symptoms—then undercounting
of screening Pap smears would be relatively greater among
controls; controls’ screening is expected to have been rela-
tively uniform during the case’s DPP, whereas screening
tests among cases would likely have occurred just prior to
diagnosis, at the end of the DPP (Figure 1). Thus, if the pre-
sumed DPP was shorter than the true DPP, any difference in
screening prevalence between cases and controls would be
minimized, and the calculated odds ratio would underesti-
mate the benefit of screening (10, 12).

Clinical onset in
the absence of
early detection

End of period during
which early detection
leads to improved
survival l

Detectable Preclinical Phase

Controls (n = 100)

-4 o3 2 4 0

Years before clinical onset

Figure 1. Screening during the detectable preclinical phase (DPP) of persons who died of their cancer (cases) and during the corresponding
period among controls. The DPP is shown in bold along the x-axis. This figure assumes that the DPP is 7 years for all cases, that screening during
the first 6 years of the DPP inevitably leads to the cancer being cured (i.e., odds ratio = 0), and that screening after that time is of no benefit to survival.

Adapted from Weiss et al. (10).
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Study population

Study subjects were identified from enrollees in 1 of 2 in-
tegrated health plans: Group Health, based in Seattle, Wash-
ington, and Kaiser Permanente Northwest (KPNW), based in
Portland, Oregon, which together cover nearly 1.1 million in-
dividuals at present. Though these health plans’ screening al-
gorithms recently incorporated human papillomavirus (HPV)
DNA testing to triage equivocal cytology results, the result of
an HPV DNA assay did not influence whether cytology was
performed during any portion of the study period. Because
Pap smears were administered independently of HPV DNA
testing, the use of HPV DNA testing does not undermine this
study’s ability to ascertain the benefit of cytology screening.

Cases were women who died of cervical cancer during
1980-2010 at ages 55-79 years. Cases were ascertained
from the Cancer Surveillance System for Group Health en-
rollees (part of the National Cancer Institute’s Surveillance,
Epidemiology, and End Results program) and from the Kai-
ser Tumor Registry for KPNW enrollees.

Controls were a sample of women aged 55—79 years en-
rolled in Group Health or KPNW during 1980-2010. To be
a match, a control must have been enrolled in the health plan
on her case’s tumor registry diagnosis date (reference date).
Matching was based on health plan, age (within 6 months),
and duration of health plan enrollment prior to reference date
(equal to or greater than that of the case by no more than 6
months). For both cases and controls, eligibility was restricted
to women with 6 or more years of enrollment prior to the ref-
erence date, with no gaps in enrollment greater than 6
months. For Group Health controls, eligibility was restricted
to women residing in the 13 western Washington counties
surveyed by the Cancer Surveillance System. Eligible con-
trols were ordered in terms of how well they were matched
to the case, measured as the sum of the number of days be-
tween the case’s and potential control’s 1) birth dates and
2) health plan enrollment dates. The 2 potential controls
with the lowest sums of these 2 numbers were selected for
medical record review. Upon review, any potential control
who had a hysterectomy prior to the reference date or who
had evidence of receiving any health care outside the health
plan was excluded and replaced with the next best-matched
control, until 2 eligible controls with intact cervices were
identified per case.

Cervical cancer screening history was recorded from med-
ical records using a standardized medical record abstraction
database developed with Microsoft Access, version 11.5,
software (Microsoft Corp., Redmond, Washington). The rea-
sons for the test, whether diagnostic or screening in nature,
were ascertained for each Pap smear; only screening tests
were included in the analysis (i.e., those performed in the ab-
sence of ICC signs or symptoms). Data on potential covari-
ates were obtained from the medical record, including marital
status, body mass index (weight (kg)/height (m)?), smoking
history, race/ethnicity, parity, menopausal status, oral contra-
ceptive use, and immunosuppressive status. Data were not
available on sexual history or HPV infection. The institu-
tional review boards at Group Health and KPNW each ap-
proved the study protocol.
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Statistical analysis

Multivariate logistic regression was used to quantify the odds
ratio of cervical cancer death associated with screening during
the DPP, adjusting for matching variables and covariates that
were associated (P <0.10) with case status. Unconditional lo-
gistic regression was used because matching variables were eas-
ily quantified and conditional logistic regression would have
decreased study efficiency (16, 17). Because the observed ef-
fect of screening may differ with estimated DPP length (10),
sensitivity analyses were performed by varying the DPP dura-
tion in 6-month intervals from 5 to 7 years prior to the index
date. Three exploratory analyses were planned: 1) stratification
by age at diagnosis into less than 65 years or 65 years or older,
the age at which the US Preventive Services Task Force (Rock-
ville, Maryland), the American Cancer Society (Atlanta, Geor-
gia), and the American Congress of Obstetricians and
Gynecologists (Washington, DC) recommend cessation of
screening for most women (18-20), 2) stratification by year
of diagnosis (1999 or earlier vs. 2000 or later), because a
major advance in cervical cancer treatment—the addition of
chemotherapy to radiation therapy—based treatment—occurred
in 1999 (21), and 3) restriction to cases with squamous cell car-
cinoma (SCC), because cytology screening may be more effi-
cacious in preventing SCC than adenocarcinoma (22).

All statistical tests were 2-sided. The primary data analysis
software used was Stata, version 12.0 (StataCorp LP, College
Station, Texas).

RESULTS

Among 47 potentially eligible cases, 4 were excluded be-
cause no medical records were available, and 3 were excluded
because they had likely received care outside the health plan.
Among controls with sufficient enrollment duration, the most
common reason for exclusion was evidence of hysterectomy
before the reference date (n =69), followed by lack of avail-
ability of medical records (n = 18), and documentation of out-
side health care (n=16). These exclusions left 40 potential
cases, and 80 controls were identified as eligible for inclusion
in the study. After medical record abstraction, 1 case with less
than 6 years of prediagnosis enrollment was excluded, leav-
ing 39 cases and 80 controls available for the analysis.

There were no appreciable differences between cases and
controls in most measured demographic characteristics (Table 1).
A majority of study subjects (61%) were younger than 65
years at diagnosis; half of cases (49%) were younger than
65 years at death. Cases were more likely to be current smok-
ers at the time of diagnosis (31%) than were controls (14%),
and cases had higher body mass index values than controls
(32% vs. 15% with body mass index >35). The overwhelm-
ing majorities of both cases (95%) and controls (97%) were
white. Controls were more likely than cases to have been mar-
ried at the reference date (68% vs. 56%). Cases were more
likely than controls have had 3 or more births (72%
vs. 50%). Among cases, the most common cervical cancer
histology was SCC (51%), followed by adenocarcinoma
(31%), undifferentiated carcinoma (10%), unknown histol-
ogy (5%), and adenosquamous (3%) carcinoma.
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Table 1. Demographic Characteristics of Cervical Cancer Cases
and Matched Controls, US Pacific Northwest, 1980-2010

Cases Controls
Characteristic (n=39) (n=80)

No. % No. %°

Health plan enrollment

Group Health® 16 41.0 34 425

Kaiser Permanente Northwest® 23 590 46 575
Age at diagnosis?, years

55-59 15 385 28 35.0

60-64 9 231 20 250

65-69 5 128 10 125

70-74 6 154 12 150

>75 4 103 10 125
Age at death, years

55-59 8 205 NA

60-64 11 282 NA

65-69 7 179 NA

70-74 6 154 NA

>75 7 179 NA
Enrollment length prior to diagnosis,

years

<10 15 385 31 3838

10-14 13 333 27 338

>15 11 282 22 275
Smoking history

Never 12 308 33 413

Nonsmoker® 7 179 14 175

Former smoker' 8 205 22 275

Current smoker 12 308 11 1338
Body mass index9

<18.5 1 3.2 1 1.3

18.5-24.9 11 355 29 387

25.0-29.9 5 161 24 320

30.0-34.9 4 129 10 133

>35.0 10 323 11 147

Unknown 8 5

Table continues

Screening histories differed substantially between cases
and controls. In the 7 years prior to the index date, 51% of
cases and 81% of controls received cervical cytology screen-
ing. The univariate odds ratio associated with 1 or more
screens was 0.24 (95% confidence interval (CI): 0.10, 0.56)
(Table 2). After adjustment for covariates (smoking status,
marital status, and race/ethnicity), screening was associated
with a 74% reduction in cervical cancer death (odds ratio
(OR) =0.26, 95% CI: 0.10, 0.63). Inclusion of all measured
covariates did not alter the magnitude of the association
(OR =0.26, 95% CI: 0.09, 0.77).

Exclusion of 10 subjects with less than 7 years of enroll-
ment prior to the reference date did not affect the magnitude

Table 1. Continued

Cases Controls
Characteristic (n=39) (n=80)
No. % No. %2
Race
White 36 947 74 974
Hispanic 1 26 0 0
Asian 1 2.6 2 2.6
Unknown 1

Marital status

Never married 0 0 2 25
Married 20 556 54 684
Divorced 5 139 12 152
Widowed 10 278 11 139
Separated 1 2.8 0 0
Unknown 3 1
Parity

0 2 5.1 9 113
1 2 5.1 8 10.0
2 7 179 23 288
3 11 282 12 150
4 10 256 13 16.3
>5 17 179 15 1838

Abbreviation: NA, not applicable.

@ Percentage excludes unknowns, if any.

b Group Health is based in Seattle, Washington.

¢ Kaiser Permanente Northwest is based in Portland, Oregon.

d “At diagnosis” refers to the diagnosis date of the case or of the
control’s matched case (i.e., the reference date).

¢ Documented as a current nonsmoker as of index date; past
smoking habits unknown.

" Documented as a current nonsmoker as of index date;
documentation of smoking in the past.

9 Body mass index is calculated as weight (kg)/height (m)>2.

of the calculated odds ratio (adjusted OR =0.26, 95% CI:
0.10, 0.67). In sensitivity analyses, the length of the DPP
was varied from 5 to 6.5 years prior to the index date
(Table 3). As the DPP shortened, the magnitude of the risk
estimate was not appreciably affected. Similarly, the use of
conditional logistic regression did not alter the primary
odds ratio (Table 2) substantively (adjusted OR =0.25,
95% CI: 0.09, 0.68), nor did it substantively alter the interpre-
tation of any other analyses.

In the first exploratory analysis, associations did differ
somewhat by age (<65 years vs. >65 years at reference
date; Table 4), but a reduced risk associated with screening
was present in both age groups. Second, when subjects
were stratified by year of diagnosis (1999 or earlier vs.
2000 or later), the reduction in cervical cancer death associ-
ated with screening was similar during the 2 intervals
(Table 4). Finally, restriction to cases with SCC tumor histol-
ogy (n=20) yielded a lower adjusted odds ratio (OR =0.13,
95% CI: 0.03, 0.54) (Table 5).
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Table 2. Odds Ratios of the Association Between Cervical Cancer Screening During the 7 Years Prior to Index Date
and Cervical Cancer Death Among US Women Aged 55-79 Years Using Multivariate Logistic Regression, 1980-2010

Screening ((,:,a;sggs) (zzr;trecsl)s Univariate Model® Adjusted Model®
Status
No. % No. % OR 95% ClI OR 95% CI
Unscreened 19 49 15 19 1.00 Referent 1.00 Referent
Screened 20 51 65 81 0.24 0.10, 0.56 0.26 0.10, 0.63

Abbreviations: Cl, confidence interval; OR, odds ratio.

2 Adjusted for matching variables only (controls matched to cases on health plan (Group Health (Seattle,
Washington) or Kaiser Permanente Northwest (Portland, Oregon)), duration of enrollment prior to diagnosis

(continuous, in months), and age (continuous)).

b Adjusted for matching variables, plus those that were significant in the full model (P < 0.10): smoking status (never
smoker, nonsmoker, former smoker, current smoker), marital status (never married, married, divorced, widowed,
separated, unknown), race/ethnicity (white, Hispanic, Asian, unknown).

DISCUSSION

In this study, we observed that cervical cancer screening by
cytology during the DPP, estimated as the 7 years prior to
symptom onset or screen-detected diagnosis, was associated
with a 74% reduction in cervical cancer death among women
aged 55-79 years at death. This reduction is nearly identical
to the estimate by Kamineni et al. (6) of efficacy with respect

Table 3. Sensitivity Analyses of Odds Ratios of the Association
Between Cervical Cancer Screening During the 5-6.5 Years Prior to
Index Date and Cervical Cancer Death Among US Women Aged 55—
79 Years Using Multivariate Logistic Regression, 1980-2010?

o e o (oae iy Adusted Moe?
Starts by Screening
Status No. % No. % OR 95% CI
6.5
Unscreened 20 51 18 22 1.00 Referent
Screened 19 49 62 78 0.30 0.12,0.72
6
Unscreened 23 59 19 24 1.00 Referent
Screened 16 41 61 76 0.24 0.10,0.57
5.5
Unscreened 25 64 20 25 1.00 Referent
Screened 14 36 60 75 0.20 0.08,0.50
5
Unscreened 25 64 21 26 1.00 Referent
Screened 14 36 59 74 0.22 0.09,0.53

Abbreviations: Cl, confidence interval; DPP, detectable preclinical
phase; OR, odds ratio.

& The interval during which screening was considered was varied in
6-month intervals, from 6.5 years prior to index date to 5 years prior to
index date.

® Adjusted for matching variables, plus those that were significant
in the full model (P < 0.10): smoking status (never smoker, nonsmoker,
former smoker, current smoker), marital status (never married,
married, divorced, widowed, separated, unknown), race/ethnicity
(white, Hispanic, Asian, unknown).
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to incidence (77%) from the same 2 health plans and during a
similar time period (1980-1999). The similarity between the
2 estimates suggests that cervical cytology screening in older
women does not preferentially detect slow-growing and/or
treatment-responsive lesions.

This study was designed to answer a direct and interpret-
able question of public health significance. Outcome and ex-
posure data were drawn from valid sources: established tumor
registries and medical record review, respectively. Previous

Table 4. Odds Ratios of the Association Between Cervical Cancer
Screening During the 7 Years Prior to Index Date and Cervical Cancer
Death, Stratified by Age at Diagnosis and Year of Diagnosis, US
Pacific Northwest, 1980-2010

Variable (%is:;) (zzr:;g)s Adjusted Model®
No. % No. % OR 95% ClI
Age at diagnosis,
years
<65
Unscreened 14 58 8 17 1.00 Referent
Screened 10 42 40 83 0.18 0.06,0.57
>65
Unscreened 5 33 7 23 1.00 Referent
Screened 10 67 25 78 047 0.14,1.63
Year of diagnosis
1999 or earlier
Unscreened 12 57 8 19 1.00 Referent
Screened 9 43 34 81 023 0.080.67
2000 or later
Unscreened 7 39 7 18 1.00 Referent
Screened 11 61 31 82 029 0.10,0.84

Abbreviations: Cl, confidence interval; OR, odds ratio.

@ Adjusted for matching variables, plus those that were significant
in the full model (P < 0.10): smoking status (never smoker, nonsmoker,
former smoker, current smoker), marital status (never married,
married, divorced, widowed, separated, unknown), race/ethnicity
(white, Hispanic, Asian, unknown).
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Table 5. Odds Ratios of the Association Between Cervical Cancer
Screening During the 7 Years Prior to Index Date and Cervical Cancer
Death, Restricted to Cases With Squamous Cell Carcinoma
Pathology, US Pacific Northwest, 1980-2010

Screening Cases Controls Adjusted Model®
Status No. % No. % OR 95% Cl

Unscreened 11 55 6 15 1.00 Referent

Screened 9 45 34 85 0.13 0.03, 0.54

Abbreviations: Cl, confidence interval; OR, odds ratio.

@ Adjusted for matching variables, plus those that were significant
in the full model (P < 0.10): smoking status (never smoker, nonsmoker,
former smoker, current smoker), marital status (never married,
married, divorced, widowed, separated, unknown), race/ethnicity
(white, Hispanic, Asian, unknown).

research has repeatedly documented that the medical record is
a more accurate source of Pap smear screening history than
self-report (23—26). Unlike in prior studies addressing this re-
search question (8, 9), in this study we ascertained hysterec-
tomy status and the presence of cervical cancer signs and/or
symptoms at the time of each cytology test, and women who
had any evidence of care outside the health plan were ex-
cluded in an attempt to ensure that complete exposure infor-
mation could be ascertained. The results were robust; when
subjects with less than 7 years of enrollment prior to the ref-
erence date were excluded, or the length of the DPP was
shortened, results did not change meaningfully. Further, the
observed 74% decrease in cervical cancer death associated
with screening may actually be an underestimate if the DPP
duration is truly longer than 7 years (10, 12).

Given the small number of total cases in the main analysis,
the precision of the 3 prespecified exploratory analyses was
limited. First, although the efficacy among women aged 65
years or older was less than that among women under 65
years of age, the confidence intervals of these estimates pre-
clude any strong inferences about the differential efficacy of
cytology screening by age. Indeed, other cervical screening
studies have observed that screening efficacy is not attenuated
and may actually increase with age among older women (3—
6), though the differences in risk estimates by age were not of
large magnitude (nor statistically significant), and these studies
examined the outcome of incidence rather than death. The 2
studies that examined cervical cancer death found comparable
trends by age; Andrae et al. (8) observed a higher cure propor-
tion associated with screen detection among women aged 66
years or older compared with those aged 2365 years (36%,
95% CI: 11, 80 vs. 26%, 95% CI: 15, 36, respectively), and
the results of Lonnberg et al. (9) were consistent with similar
efficacy among women aged 5569 years compared with
women aged 40-54 years (OR =0.29, 95% CI: 0.16, 0.54
vs. OR =0.33, 95% CI: 0.20, 0.56). Second, the similarity of
the odds ratios in the 2 time intervals, 1999 or earlier versus
2000 or later, supports the inference that improvements in cer-
vical cancer treatment—yprimarily, the addition of chemother-
apy to radiation-based treatment regimens—have not rendered
screening relatively less efficacious with respect to death.
Third, the somewhat higher efficacy observed for SCC cases

corroborates other studies’ conclusions (22, 27) that cytology
screening is likely more efficacious at detecting SCC than
adenocarcinoma.

This study did have limitations. No data were available on
sexual history or HPV, the etiological agent of cervical can-
cer (28). However, neither of these variables is routinely as-
certained for postmenopausal women; therefore, neither is
likely to influence a clinician’s decision to screen for cervical
cancer. During the study period, clinical screening guidelines
at Group Health and KPNW did not include ascertaining
high-risk HPV status. These guidelines did consider age at
sexual debut, but this influenced only age at screening initi-
ation, not cessation. For these reasons, lack of ascertainment
of sexual history and HPV status are not likely to confound
the measured odds ratios. Smoking is the most plausible con-
founder, because it is a strong ICC risk factor (29). Smoking
status was ascertained for all subjects. Second, the 7-year es-
timate of the DPP of cervical cancer screening by means of
cytology may underestimate the true DPP. However, data
from the United Kingdom (14), the United States (6) and a
worldwide analysis (13) indicate that 1 or 2 negative Pap
smears predicts low risk of disease for no more than 7
years, and sensitivity analyses in this study did not indicate
that shortening the DPP duration affects the odds ratio sub-
stantially (Table 3). If cervical cancer or its precursors were
detectable via Pap smear for more than 7 years prior to the
index date, a greater proportion of screening Pap smears
would be missed among controls than among cases (Fig-
ure 1), minimizing any difference between the comparison
groups and thus attenuating the odds ratio (12). Finally, this
study could not address the impact of recent screening as a
function of the adequacy of screening earlier in life, because
data on screening prior to health plan enrollment were not
available. However, previous research indicates that older
women experience a low incidence of cervical cancer for
no more than 7 years following 1 or 2 negative Pap smears
(6, 13, 14). Further, the cure proportion did not differ with
prior cytology screening history among women aged 66
years or older at diagnosis (8). Thus, it is reasonable to
infer that the results of the present study are applicable to
older women regardless of prior Pap smear screening history.

Irrespective of the study’s strengths and the robustness of
its results, some may consider its research question obsolete.
Cytological screening will most likely decline in favor of
HPV-based screening because of its superiority over cytol-
ogy in the 2 characteristics that influence test efficacy (7);
HPV DNA testing can detect ICC risk for a longer period
than cytology (30, 31), and its sensitivity is an absolute
40% higher than that of cytology (32, 33). Thus, the relation-
ship between these screening modalities’ efficacies is know-
able—the efficacy of HPV-based screening is expected to
exceed that of cytology, all things being equal. Analysis of
extant data on cytology screening, therefore, may offer a min-
imum estimate of HPV-based screening efficacy among older
women. However, screening by cytology alone remains ac-
ceptable under all current guidelines, and Pap smears continue
to be widely used (18, 19, 34). Further, a study to evaluate the
efficacy of HPV DNA testing among older women will not be
possible for years after an HPV DNA-based screening pro-
gram is implemented, until a sufficient number of deaths have
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occurred to make meaningful comparisons on the basis of
prior HPV DNA screening history. Until such data are avail-
able, this study’s results may shed light on the potential effi-
cacy of an HPV-based screening program to prevent cervical
cancer death among older women. In effect, the present study
provides insight into whether to screen older women, not the
best modality to do so.

In the meantime, cancer screening guideline groups ac-
knowledge that lack of evidence hampers their ability to make
evidence-based recommendations for cervical cancer screen-
ing in older women. The present study addresses this research
gap. On the basis of this study’s odds ratios and the screening
prevalence among the cases, and assuming the observed as-
sociation is causal, 36.2% of cervical cancer deaths among
women aged 55-79 years in the United States, or approxi-
mately 630 deaths per year (35), could have been averted
by screening in the 7 years prior to symptom onset or screen-
detected diagnosis. It is likely that a larger number of deaths
could be averted with an HPV-based screening strategy.

The results of this study, in conjunction with those from
previous analyses, suggest a potential benefit of extending
screening guidelines to include women older than 65 years.
Cervical cytology screening is not without harms, such as in-
vasive diagnostic procedures, short-term psychological dis-
tress, and overdiagnosis (19). If, after quantification of the
potential harms of screening older women, they are deemed
to be outweighed by the potential benefits, national guideline
groups could consider an expansion of the age group for
which cervical cancer screening is currently recommended.
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