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Abstract

Primary prevention through the use of human papillomavirus (HPV) vaccination is expected to
impact both cervical intraepithelial neoplasia (CIN) and adenocarcinoma /n situ (AlS). While CIN
is well described, less is known about the epidemiology of AlS, a rare cervical precancer. We
identified AIS and CIN grade 3 (CIN3) cases through population-based surveillance, and analyzed
data on HPV types and incidence trends overall, and among women screened for cervical cancer.
From 2008 to 2015, 470 AIS and 6,587 CIN3 cases were identified. The median age of women
with AIS was older than those with CIN3 (35 vs. 31 years; p< 0.01). HPV16 was the most
frequently detected type in both AIS and CIN3 (57% in AlS; 58% in CIN3), whereas HPV18

was the second most common type in AIS and less common in CIN3 (38% vs. 5%; p< 0.01).

AIS lesions were more likely than CIN3 lesions to be positive for high-risk types targeted by
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the bivalent and quadrivalent vaccines (HPV16/18, 92% vs. 63%; p < 0.01), and 9-valent vaccine
(HPV16/18/31/33/45/52/58, 95% vs. 87%; p < 0.01). AlS incidence rates decreased significantly
in the 21-24 year age group (annual percent change [APC] overall: —22.1%, 95% CI: -33.9 to
-8.2; APC among screened: —16.1%, 95% CI: —28.8 to —1.2), but did not decrease significantly in
any older age group. This report on the largest number of genotyped AIS cases to date suggests an
important opportunity for vaccine prevention of AlS, and is the first to document a decline in AIS
incidence rates among young women during the vaccine era.
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Introduction

Human papillomavirus (HPV) is the most common sexually transmitted infection in the
United States of America (US) and persistent infection with high-risk (HR) HPV types is
a necessary cause of most cervical cancers.2 Cervical cancer screening programs aim to
identify and treat precancers before they progress to invasive cancer, and have resulted in
increased detections of precancers and reductions in cervical cancers worldwide.3->

The predominant cervical cancer histology is squamous cell carcinoma, representing 75%
of all cervical carcinomas; 20-25% of cervical cancers are adenocarcinomas.5” While
rates of squamous cell carcinomas have declined, the incidence of adenocarcinoma has
increased worldwide.%:8-13 Although precursors for both squamous cell carcinomas (cervical
intraepithelial neoplasia [CIN]) and adenocarcinoma (adenocarcinoma /in situ [AlS]) arise
most commonly at the squamocolumnar junction within the transformation zone, AlIS is
more likely to involve glands higher in the endocervical canal and to be multifocal.1* Thus,
cervical cytology screening is more efficient for detection of CIN than AIS; 30-60% of
AIS lesions are detected incidentally during follow-up for squamous abnormalities.15-17
Similarly, AlS lesions can be more difficult to visualize during colposcopy, and diagnosis
may require dedicated endocervical sampling.18 As recently as the 1980s, the literature
was unclear about the histologic criteria for diagnosis and subsequent behavior of AIS.1°
Recognition of glandular precancers less severe than AlS (i.e., lower grade glandular
abnormalities or atypia analogous to low-grade squamous intraepithelial lesions) remain
controversial.1 Thus, identification, diagnosis and interpretation of findings for AIS
remain a challenge. Recent cancer registry data from the US showed that CIN grade 3
(CIN3), the highest grade of CIN, is detected 8.7 times more often than squamous cell
carcinomas, whereas AlS is detected 0.9 times as often as adenocarcinoma, suggesting
that AIS often goes undetected, or that the natural history of oncogenic progression in
glandular epithelium differs from that in squamous epithelium.20 Additionally, the stage of
adenocarcinoma at diagnosis is often more advanced and prognosis worse than for squamous
cell carcinomas.16:21.22

In the US, approximately 66% of all cervical cancers are attributable to HR-HPV types 16
and 18, and an additional 15% are attributable to 5 HR-HPV types (31/33/45/52/58).23.24
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While HPV16 causes most squamous cell carcinomas and adenocarcinoma, HPV types
18 and 45 are found in a larger percentage of adenocarcinoma than squamous cell
carcinomas.2>-32 Similarly, reports indicate that the HPV types identified in CIN and AIS
differ. While HPV16 is the most common type in both AIS and CIN lesions, data from
several small studies found HPV18 more frequently in AIS than CIN lesions.17:26.29.33-36

HPV vaccination targeting oncogenic types is expected to impact incidence of precancers
and cancers. In 2006, a quadrivalent HPV vaccine, the first vaccine targeting HR-HPV

types 16 and 18, was licensed by the US Food and Drug Administration (FDA). In 2015,

a 9-valent HPV vaccine (9vHPV), which targets HPV16, 18 and five additional HR-HPV
types (31/33/45/52/58) was licensed; since 2017, it has been the only vaccine available in the
US.37:38 \iaccine coverage has gradually increased in the US since vaccine introduction, and
by 2017, 69% of adolescent females aged 13-17 years had received at least one dose.3° The
incidence of cervical precancers (CIN grades 2, 2/3 or 3, or AlS, referred to as CIN2+) has
declined among screened women since vaccine introduction,*%-42 but trends in the incidence
of AIS specifically in the vaccine era have not been described.

Since 2008, the Centers for Disease Control and Prevention (CDC) and partners have
conducted active population-based laboratory surveillance for CIN2+ in five US locations
via the HPV Vaccine Impact Monitoring Project (HPV-IMPACT). HPV-IMPACT data have
demonstrated declines in cervical precancer incidence during the vaccine era and reported
on HPV types present in precancers.*344 In this report, we describe all AIS cases reported
during the first 8 years of HPV-IMPACT surveillance, including demographic characteristics
of women with AIS and HPV types present in lesions, and compare them with CIN3, the
highest grade CIN lesion. In addition, we report cervical cancer screening history of AIS
cases, and describe trends in AlS incidence from 2008 through 2015.

Surveillance population

Surveillance methods have been previously described.** Briefly, active, population-based,
laboratory surveillance was conducted beginning in 2008 among all women aged =18

years in all histology laboratories in five locations in the US. Laboratories reported all
histologically confirmed diagnoses of CIN2+ in surveillance area residents aged =18 years.
As women could have multiple diagnostic and treatment procedures as part of a single
CIN2+ case, the incidence date was defined as the date of the earliest qualifying CIN2+
diagnosis for each woman, and the final diagnosis for each woman was defined as the
highest grade lesion identified within the 6 months following the incidence date. Basic
demographic and clinical data were ascertained for all women with CIN2+. Among women
with CIN2+ aged 18-39 years, additional clinical information including screening and
vaccine history were ascertained through review of medical records and vaccine registries.
Data on the most recent screening event prior to diagnosis were collected, including type of
screening test (Papanicolaou [Pap] and/or HPV tests) and results. The Centers for Disease
Control and Prevention (CDC) determined this surveillance project was not human subjects
research, therefore the CDC’s Institutional Review Board approval was not required.
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AIS case classification

Two authors (AAC, JWG) reviewed all available pathology reports for each woman
diagnosed with AIS; pathology reports with ambiguous interpretations were further
reviewed by a CDC pathologist (ERU). If a woman had both AIS and a CIN lesion (grade
2 or higher) diagnosed during the initial 6-month period, the case was classified as “AlS
+ CIN.” AIS cases without CIN2 or higher were classified as “AlS only.” Thus, AIS cases
were subdivided into those with AIS only and AIS + CIN.

Laboratory methods

The laboratory methods have been previously described, and have been uniform throughout
the surveillance period.** Briefly, for cases among women aged 18-39 years, an archived
diagnostic specimen was requested, and a block representative of the histologic lesion with
the highest diagnosis was selected, cut per CDC protocol and shipped to CDC. A pathologist
at CDC (ERU) reviewed hematoxylin—eosin slides to ensure a high-grade lesion was present;
those without a high-grade lesion were not processed. DNA was extracted and HPV typing
was conducted using L1 consensus PCR (Linear Array [LA] HPV Genotyping Assay,

Roche Diagnostics, Indianapolis, IN) which detects 37 distinct HPV types. Samples with
inadequate or HPV negative LA results were retested with INNO-LiPA® HPV Genotying
Extra Assay (Innogenetics, Gent, Belgium). Samples negative for both the genomic control
probe and HPV in LA and INNO-LiPA were considered inadequate and omitted.

Of the 5,425 AIS or CIN3 cases in women aged 18-39 years, 4,346 (80%) had a specimen
submitted to CDC for typing as of May 2018, for the years 2008-2015. Of these, 440 (AlS:
20.5% [49/239]; CIN3: 9.9% [391/3969]) were not processed after histologic review, mainly
due to having no high-grade lesion present on the slide sent to CDC. All remaining 3,768
(AIS: 190, CIN3: 3,578) specimens were typed, and over 99% (AIS: 189, CIN3: 3,557) had
adequate typing results.

Statistical analysis

This analysis was restricted to cases with a final diagnosis of AIS (AIS only, AIS + CIN)

or CIN3 only during 2008-2015. We compared women with AIS to women with CIN3

by age group, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other and
unknown), insurance status (public, private, other/unknown or not available) and vaccination
status (vaccinated with =1 dose, not vaccinated, unknown or not age-eligible).

Among women aged 18-39 years with valid typing data available, we compared HPV types
detected in tissues from AIS and CIN3 cases. We evaluated proportions of cases with single
and multiple HPV types. HR-HPV types were described individually (without attribution

of multiple-type infections to a single type). In addition, we evaluated the following
HR-HPV type groups: HR-HPV types targeted by 4vHPV vaccine, HPV16 or HPV18
(HPV16/18); any HR-HPV types targeted by 9vHPV vaccine (16/18/31/33/45/52/58), any
HR-HPV type (16/18/31/33/35/39/45/51/52/56/58/59/66/68), any type in the alpha-7 species
(18/39/45/59/68/70) and any type in the alpha-9 species (16/31/33/35/52/58/67).2" The 14
types included as “any HR-HPV” were based on types detected in clinical HR-HPV tests
approved by the US FDA.
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To elucidate how AIS cases were detected, we evaluated cervical cancer screening tests
immediately preceding AlS diagnosis (Pap, HPV, or both), and results of these screening
tests, stratified by age group (21-24, 25-29, 30-39 years). Women in the 18-20 year

age group were excluded from this analysis because screening in this age group was not
recommended during part of the surveillance period. To describe changes in screening
history over time, we grouped surveillance years into earlier (2008-2011) and later (2012—
2015) time periods.

Incidence rates were calculated using annual population estimates and the estimated
number of screened women in each site as the denominators as described previously.42

We calculated incidence rates per 100,000 women for age groups 21-24, 25-29, 30-39 and
40-64 years; women in the 18-20 year age group also were excluded from this analysis.
We calculated incidence rates per 100,000 screened women for age groups 21-24, 25-29
and 30-39 years. Linear trends in age-specific incidence rates over the 8-year surveillance
period were evaluated using Poisson regression models (i.e., to estimate the rate ratio [RR]
and 95% confidence interval [CI] per 1-year increase in year). The annual percentage
change (APC) was calculated as (1 - RR) x 100. For graphical presentation, average annual
incidence rates were also calculated in 2-year intervals.

Statistical differences in categorical variables were identified using ? tests or Fisher’s
exact tests. Statistical differences in age were evaluated using the Kruskal-Wallis test. In all
analyses, the level of significance was set at a = 0.05. All analyses were performed using
SAS software (version 9.3; SAS Institute, Cary, NC).

From 2008 to 2015, 470 AIS cases (231 AIS only, 239 AIS + CIN) and 6,587 CIN3 only
cases were reported (Table 1). The median age of women with AIS (35 years) was older
than those with CIN3 (31 years; p < 0.01). Compared to women with CIN3, those with AIS
were more frequently non-Hispanic white (69.1% v5.53.2%), more frequently had private
insurance (63.4% vs. 49.2%), and more frequently were not age-eligible for vaccination
(61.7% vs. 46.9%). Women with AIS only were older than those with AIS + CIN (median
37 vs. 32 years, p< 0.01), and more often were not age-eligible for vaccination (72.3% vs.
51.5%, p< 0.01).

HPV typing results

We detected HPV in nearly all AIS (99%) and CIN3 (98%) samples assayed (188/189 AIS
and 3491/3,557 CIN3 samples from women aged 18-39 years, Table 2). Most AIS (80%)
and CIN3 (81%) were positive for a single type. Compared to CIN3 cases, AlS cases were
more likely to have 4vHPV HR types HPV16/18 (92% vs. 63%; p < 0.01), and more likely
to have a 9vHPV HR type (95% vs. 87%; p < 0.01). Detection of any HR-HPV was high in
both groups (97 and 95%; p = 0.22). Alpha-7 types were more common in AlS, and alpha-9
types were more common in CIN3.

Int J Cancer. Author manuscript; available in PMC 2022 May 17.
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HPV16 was the most frequently detected individual type in both AlS and CIN3 (57% in
AIS, 58% in CIN3). HPV18 was second most common type detected in AlS, but was
significantly less common in CIN3 (38% vs. 5%; p < 0.01). HPV31 and HPV52 were the
next most common types detected among CIN3 cases, and these were detected less often
in AIS (HPV31: AIS: 2%, CIN3: 11%; p< 0.01; HPV52: AIS: 3%, CIN3: 8%; p=0.01).
HPV33 was also more common in CIN3 than AIS (AIS: 1%; CIN3: 4%, p=0.03).

Comparing AIS only (n=79) to AIS + CIN (n=111), proportions with HP\VV16, HPV18 and
most other individual types were similar. The single significant difference in individual types
was that HPV52 was only detected in AIS + CIN cases (AIS: 0%, AIS + CIN: 5%, p= 0.04).

AlS incidence rates

AIS incidence rates per 100,000 women varied by age group over the surveillance period
(Fig. 1, Table 3). Among all 21-24 year-olds, the number of cases per year was small (range
0-10); incidence rates declined from 4.6 in 2008 to 0.0 in 2015 (APC: —22.1%, 95% ClI:
—-33.9 to —8.2; Table 3). There were no significant incidence trends among women in any
other age group.

Among women screened for cervical cancer, AlS incidence rates also decreased significantly
in 21-24 year-olds (APC: -16.1%, 95% CI: —28.8 to —1.2), did not change in 25-29 olds
(APC: 5.3%, 95% CI: —3.4 to 14.8), and increased significantly in 30-39 year-olds (APC:
8.9%, 95% CI: 2.2-16.0; Table 3).

Cervical cancer screening results

To gain insight into AIS detection during the surveillance period, we examined the screening
tests that preceded AIS diagnosis among women aged 21-39 years (1 = 312). Screening
incorporating HPV testing increased in all age groups between 2008-2011 and 2012-2015
(21-24 year-olds: 22 to 33%; 25-29 year-olds: 35 to 55%; 30-39 year-olds: 46 to 77%).
Among AIS cases with Pap test results available (7= 274), a minority (27%) indicated

a glandular abnormality (atypical glandular cells, atypical glandular cells of undetermined
significance, or cytologic AlS) and this varied by age group (21-24 year-olds [ = 29]:

10%; 25-29 year-olds [/7= 86]: 26%; 30-39 year-olds [#= 159]: 31%). A low-grade Pap
result (atypical squamous cells of unknown significance [ASCUS], low-grade squamous
intraepithelial lesion) was the most frequent result preceding AlS diagnosis in all age groups
(21-24 year-olds: 52%; 25-29 year-olds: 43%; 30-39 year-olds: 35%). The proportion

of Pap test results with glandular abnormalities was greater for women with AIS only

than for those with AIS + CIN (39% vs. 18%, p < 0.01), and the proportion with

grade squamous abnormalities (atypical squamous cells cannot exclude HSIL, high-grade
squamous intraepithelial lesion) was lower (15% vs. 31%, p < 0.01). Other cytology findings
were similar between AIS only and AIS + CIN.

Discussion

This large descriptive epidemiological analysis of 470 AIS cases identified through
population-based surveillance, including the largest number of genotyped AIS cases to date,
supports the predominance of HPV types 16 and 18 in the etiology of this rare precancer and

Int J Cancer. Author manuscript; available in PMC 2022 May 17.
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the higher percentage of HPV18 in AIS cases compared to CIN3. Consistent with previous
studies, we found age at diagnosis for AIS was older than for CIN3.3436 Additionally,

we provide the first data on AlS incidence trends in the vaccine era; in contrast to the
increasing AlS incidence in young women reported in 1976-2000,13 we document a decline
in incidence among young women, which may be in part attributable to early vaccine
impact.

In this analysis, 92% of 190 typed AIS cases tested positive for HPV types 16 or 18; this was
higher than the percentage among CIN3 (63%), and due entirely to the higher prevalence
of HPV18 (38% vs. 5%). These findings are similar to prior reports worldwide; several
papers published in the past 15 years have provided data on HPV16/18 prevalence in AlS
tissues based on small numbers of women (all less than 100 cases), with estimates ranging
from 79% to 96%.17:26.29.33-36.45 | the US, the largest previous report on typing data from
AIS cases (n=61) included data from the first 2 years of HPV-IMPACT surveillance;

the prevalence of HPV16/18 among AlS cases was 82%.3% Another population-based
study conducted in New Mexico, USA with 51 AIS cases found that 88% had HPV16/18
(44% HPV16, 48% HPV18).34 The two largest prior studies, with 96 and 61 cases, were
conducted in the Netherlands; these identified HPV16/18 in 79 and 94% of AIS cases (41
and 34% HPV16, 43 and 66% HP\/18).26:36 Four additional studies ducted in a variety

of settings, with <50 cases each, also found HPV16/18 in the vast majority of AlS cases
(ranging from 85% to 96%, with 51-71% HPV16 and 36-39% HPV18).17:29.33.45

HPV18 and HPV45 belong to the alpha-7 species, which may have a greater tendency

to cause adenocarcinoma compared to the alpha-9 species (which includes HPV16).27
However, while an association between HPV18 and AIS has been well-documented, data
linking HPV45 to AIS have been less consistent. We found a similar low prevalence of
HPV45 among AIS and CIN3 (2% in both). Previous typing studies reported 3-8% of
AlS cases positive for HP\V45,17:26.29,34-36.45.46 Fayy studies have directly compared the
prevalence of specific HPV types between CIN3 and AIS. The largest to date found no
significant difference in HPV45 prevalence between CIN2/3 and AlS.38 The New Mexico
study found a higher proportion of both HPV45 and alpha-7 species among AIS compared
to CIN3. The authors also noted the proportion of cases with alpha-9 species was lower
among AlIS than CIN3.34 Similarly, we found that alpha-9 species as a group and by
individual alpha-9 types 31, 33 and 52 were identified more often in CIN3 than in AlS.

Like previous reports, we found that women with AIS were diagnosed at older ages

than women with CIN3,3436 and a larger percentage were non-Hispanic white.%13.20 We
considered whether proportions with HPV testing or proportion vaccinated could explain
racial/ethnic differences; analyses were inconclusive because numbers were small (data not
shown). While reasons for an racial/ethnic difference in AIS incidence are not clear, it seems
unlikely that racial/ethnic differences in screening explain these differences, as black and
white women had similar screening proportions within the past 3 years in a recent national
survey, and rates of squamous cell carcinoma declined similarly in blacks and whites.%:13:47

Similar to prior reports, over half of the AIS cases in our study had concurrent CIN
lesions.11:17.29.36 HPV/ type distributions were similar between AlS only and AIS + CIN,
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but women with AIS only were typically diagnosed 5 years older, on average, than women
with AIS + CIN. A similar age difference was reported in 2003, which was speculatively
attributed to a faster progression of disease for AIS + CIN than AIS alone, or incidental
identification of AlS after screen-detected abnormal squamous cells.38

Importantly, we report significant declines in AIS incidence rates among 21-24 year-olds,
overall and among screened women. Although numbers are small in this group, this
reported decline among AIS cases is similar to recent reports of declines among all CIN2+
lesions in the US during the same time period.#0:4248 Revised cervical cancer screening
recommendations have resulted in a smaller pool of women screened annually, and thus
fewer are available to be diagnosed annually.*® The decline we observed among screened
women in this age group suggests that reductions are not entirely due to increased screening
intervals and could result, at least in part, from vaccine impact. Vaccination could have
impacted AIS rates directly, by preventing the HPV infections that could have progressed
to AIS, or indirectly through a reduction in squamous abnormalities leading to fewer
opportunities to detect AIS incidentally.

While there were no significant changes in population-level AlS incidence rates in 25-29
or 30-39 year-olds, we did note a significant 8.9% increase in AlS incidence rates between
2008 and 2015 among 30-39 year-old screened women. This finding is similar to CIN2+
incidence trends in the US#248 and the Netherlands.! Van der Horst et a/. suggested that
increases in AlS rates from 2004 to 2013 among women aged 25-39 years may have

been due to recent inclusion of HPV testing. Similarly, in the US, changes in cervical
cancer screening recommendations have included the addition of HPV testing as part of

a screening strategy. In 2004, HPV tests were recommended in the US as an option to

be used concurrently with cytology (cotest) among women aged =30 years, or among

all women as reflex testing after an ASCUS cytology result. In 2012, cotesting became

the preferred screening strategy among women aged =30 years.?? We observed that HPV
testing increased in all age groups between the early (2008-2011) and later (2012-2015)
surveillance periods. Notably, almost all normal or low-grade cytology results preceding a
CIN3 or AIS diagnosis had a positive HPV test, suggesting that the increased use of HPV
testing as part of screening may have detected cases that would have been overlooked with
cytology testing alone. An analysis of cervical cancer screening practices from 2003 to 2009
found that incorporating HPV testing resulted in earlier identification of women at risk for
adenocarcinoma, and was more sensitive for adenocarcinoma and AlS than for squamous
cell carcinoma.®® These findings suggest that increases in HPV testing may be identifying
AIS before progression to invasive disease.

There were several limitations to our analysis. Typing was only performed on cases in
women aged 18-39 years, and although this represented roughly 70% of cases, typing
results may not be generalizable to women aged >39 years. In AIS cases in women aged >39
years, the HPV type distribution might be different; for example, HPV45, which is found

in a larger percentage of adenocarcinoma than squamous cell carcinomas, might be more
prevalent. However, one large retrospective international study found that HPV45-associated
AlS arises at younger ages than other HPV type-associated AlS.28 Another limitation is

that the proportion of cases known to have been vaccinated was low (3.2% of AlS, and
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5.9% of CIN3), and we did not have sufficient numbers among vaccine-eligible age groups
to examine changes in types by vaccine status.** Finally, although women could have had
multiple lesion histology types (i.e., AlS and CIN2-3), only one specimen was collected
per woman. In cases where multiple lesion types were present on different specimens, the
AIS lesion was preferentially selected for typing, and thus HPV type differences between
AIS and AIS + CIN cases could be underestimated. One study that reported HPV types
among multiple lesions found similar HPV16, HPV18 and HPV45 proportions in both
AIS and concurrent non-AlS lesions, and although HPV types in AIS lesions were usually
also detected in concurrent non-AlS lesions, many concurrent non-AlS lesions also had
additional HPV types detected.1’

This is the first report to document declines in AlS incidence among 21-24 year-old women
in the US. In addition, we found increases in AlS among screened women aged 30-39 years.
Our results demonstrate that a high proportion of AIS cases are vaccine preventable. Our
large, population-based surveillance system includes a larger and more diverse sample of
women than any previous publication on AlS, and allows for evaluation of HPV typing,
incidence trends, and screening history in the same women.

The high proportion of AIS cases attributable to vaccine types indicates an important
opportunity for vaccine prevention of AlIS. Given the older median age of women with

AIS compared to CIN, it may take longer for the HPV vaccine to have a large impact on
AIS incidence. However, our data suggest vaccine impact in the youngest age group already,
13 years after introduction of the vaccination program in the US. Adding HPV testing to
cervical cancer screening may result in detection of AIS that would otherwise be missed.
Continued surveillance is needed to monitor changes in the vaccine era and guide local and
national cervical cancer prevention activities.
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CIN3 cervical intraepithelial neoplasia grade 3, the highest grade
of CIN

HPV human papillomavirus

HPV-IMPACT HPV Vaccine Impact Monitoring Project

HR high-risk

HR-HPV high-risk human papillomavirus

Pap Papanicolaou

RR rate ratio

SCC squamous cell carcinoma
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What’s new?

Adenocarcinoma /12 situ (AlS) is a rare histologic type of cervical precancer. Little is
known about the epidemiology of AIS, however, and this information is important in the
era of human papillomavirus (HPV) vaccination for cervical cancer prevention. In this
study, the authors report on the largest collection of genotyped AIS cases to date from
the multisite U.S. population-based HPV Vaccine Impact Monitoring Project. From 2008
to 2015, 470 AIS cases were documented, compared to 6,587 cervical intraepithelial
neoplasia grade 3 (CIN3) cases. AlS was diagnosed at an older age than CIN3 and

was associated most frequently with HPV16 or HPV18. These are the first data on AIS
incidence trends in the vaccine era; the authors document a decline in incidence among
young women, which may be in part attributable to early vaccine impact.
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Figure 1.
Adenocarcinoma /n situ average annual 2-year incidence rates per 100,000 women, by age

group. For a smoother graphical presentation, average annual incidence rates were calculated
for each 2-year interval.
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