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= 67.1 and 95% CIl = 19.3-233.7 for
high-grade SIL). HPV16 was the virus
type most predictive of SIL, even low-
grade SIL. Conclusions:These findings
are consistent with the hypothesis that
HPV infection is the primary cause of
cervical neoplasia. Furthermore, they
support HPV vaccine research to pre-
vent cervical cancer and efforts to de-
velop HPV DNA diagnostic tests. [J
Natl Cancer Inst 1999;91:954-60]

lected from study subjects at enrollment
(when all women were cytologically nor-
mal) were tested for the presence of HPV
DNA by a sensitive PCR-based method.
The results permitted us to examine the
prospective role of different HPV types in
predicting the full spectrum of cervical SIL
that developed in the large cohort popula-
tion. By taking another HPV test at case
diagnosis (or the comparable time at control
selection), we were also able to estimate
risks of SIL related to concurrent HPV de-
tection, as well as to combinations of HPV
positivity at enrollment and diagnosis.

Human papillomavirus (HPV) infec-
tion, measured by DNA testing of exfoli-
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Background: Human papillomavirus
(HPV) infection has been strongly asso-
ciated with cervical carcinoma and its
cytologic precursors, squamous intra-
epithelial lesions (SIL). We investigated
the risk of SIL prospectively following
polymerase chain reaction (PCR)-
based DNA testing for a wide range of
genital HPV types in a cohort of ini-
tially cytologically normal women, to
clarify the role of HPV in the etiology
of SIL. Methods:Starting in April 1989,
17 654 women who were receiving rou-
tine cytologic screening at Kaiser Per-
manente (Portland, OR) were followed
for the development of incident SIL.
During follow-up, 380 incident case pa-
tients and 1037 matched control sub-
jects were eligible for this nested
case—control study. Cervical lavages
collected at enrollment and, later, at
the time of case diagnosis (or the cor-
responding time for selection of control
subjects) were tested for HPV DNA us-
ing a PCR-based method. The data
were analyzed as contingency tables
with two-sided P values or, for multi-
variable analyses, using odds ratios
(ORs) with 95% confidence intervals
(Cls). Results:In comparison with ini-
tially HPV-negative women, women
who tested positive for HPV DNA at
enrollment were 3.8 times (95% CI =
2.6-5.5) more likely to have low-grade
SIL subsequently diagnosed for the
first time during follow-up and 12.7
times more likely (95% CI = 6.2-25.9)
to develop high-grade SIL. At the time

consistently associated with cervical car- _

cinoma (1) and its cytologic precursors, Study Population

squamous |ntraep|thellal lesions (SﬂZ)) ~ Between April 1989 and November 1990, 23 702
Based on all available laboratory and epigomen aged 16 years or older, obtaining a routine
demiologic evidence, the association i®ap smear at one of seven Kaiser Permanente gyne-
considered caus#B). Epidemiologic evi- cology or health appraisal clinics in Portland, OR,
dence for an etiologic role for HPV haswere recruited for a natural history study of HPV
come mainly from cross-sectional studieé‘”d cervical neoplasia. More than 95% of eligible

and prevalent case—control investi a,[ionwomen agreed to participate. At that time, Kaiser
.p . 9 Eermanente was providing cytologic screening to a
[reviewed in(3)].

) . ) demographically representative one quarter of adult
The few prospective studies [reviewedyomen in Portland (mainly middle-class, white
in (3)] addressing whether HPV infectionwomen), and the study clinics were performing
predicts new SIL have been supportivebout half the Pap smears performed by the health
but limited. Reliable, sensitive HPV test-Maintenance organization. _
ing methods, such as MY09*/MY11 con- To examine risk factors for new (presumably first

. | hai ti ever) diagnosis of SIL, an incidence cohort was
Sensus primer polymerase chain réac Ioi%rmed. Women with a medical history of hysterec-

(PCR) (4,5) and GP5+/ GP6+ generalimy or cervical SiL/cancer were excluded by re-
primer PCR (6), which type the wide view of Kaiser Permanente surgery and pathology
range of genital HPVs, have only beerecords and by a self-administered questionnaire re-
well standardized in the past few yeargurned by about 60% of the women. Women with
(7). By necessity, earlier studies useds'L diagnosed at the enroliment examination were
HPV testing methods that had Iimitedstudied in a separate prevalent case—control study

e (2). The remaining 17 654 women formed the inci-
sensitivity or detected Only a few canceryence cohort, designed to represent the general

associated types of HPV (mainly, type 16hopulation of women with no history or current evi-
(8). dence of SIL(11).

With increased standardization of HPV, o
DNA testing methods in the 1990s, reIi—EnrOIIment Examination
able large-scale prospective data are now Conventional one-slide Pap smears, obtained with
emerging(9,10). However, we still lack the use of endocervical brushes and ectocervical
reliable estimates of the risk of incidentAyre spatulas, were used to prepare the slides in
SIL following cervical HPV infection for
the many genital HPV types now known. o ]
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5-year follow-up of 17654 initially cyto- Plaza South, Rm. 7066, Bethesda, MD 20892.
logically normal women at Kaiser Perma- See‘Notes” following “References.”
nente (Portland, OR). Cervical cells col<© Oxford University Press

Journal of the National Cancer Institute, Vol. 91, No. 11, June 2, 1999



accordance with the standard screening practice ifgentification of Possible Case prevalent abnormalities (Fig. 1). In addition, we
these clinics. A descriptive cytologic classification pgtients chose not to investigate the common and ambiguous
scheme that predated the Bethesda Sygfywas transition from the Kaiser Permanente diagnoses of
used by the Kaiser cytopathology laboratory at that All Pap smears were initially diagnosed with the«penign reactive atypia” at enroliment to “severe
time. Of the 14 possible diagnoses, only womertse of the local classification that we combined intaeactive atypia, possible dysplasia® at follow-up (n
with diagnoses of “normal” or “benign reactive Bethesda System terminology. A possible incident- 101: Fig. 1) because misclassification between
atypia” were included in the incidence cohort, be-case was identified when a Pap smear result indihese two pathologically adjacent, slightly abnormal
cause these correspond to the negative screening §ated possible SIL, including a new diagnosis otategories was likely14). As a result of this choice,
agnoses in the Bethesda System, i.e., “within normapevere reactive changes, possible dysplasia,” “dyshe proportion of ASCUS and low-grade case pa-
limits” and “benign cellular changes.” plasia” (including “mild,” “moderate,” and “se- tjents with benign reactive atypia (rather than a to-
Following the Pap smear, a 10-mL saline lavag&/ere”), or “carcinoma” during follow-up. Incident ta|ly negative diagnosis) at enrollment was conser-
of the cervix(13)was collected from all participants. carcinoma was not expected and only one possiblyatively biased to be small. The few instances were
Of the 10-mL cervical lavage, a 1-mL unprocessednvasive case (included as high-grade SIL in thgjown-graded case patients, resulting from pathology
aliquot was frozen at —70 °C for PCR-based HPVanalysis) was observed in this generally low-risk angeview (see beloyof initially more severe classifi-

DNA testing. well-screened cohort, despite the large number cfation of incident SIL diagnoses.
) subjects. ) ) ] After these initial exclusions, a total of 570 prob-
Follow-up of the Incidence Cohort Because microscopic evidence of SIL can be trangple case patients remained (Fig. 1). Probable case

sient and diagnOStically Subtle, a number of Criteri%atients were met at their Confirmatory C0|poscopy
By definition, the 17 654 women included in the were applied to study only incident, confirmed caseyppointment for collection of a repeat cervical la-

incidence cohort had normal cytologic diagnoses gpatients with SIL (including equivocal SIL, called yage. The participation rate at the colposcopy visit was
enrollment. Accordingly, they were followed pas-“atypical squamous cells of undetermined signifi-jowered by many women who chose to have colpos-
sively (without any intervention to encourage theircance” or ASCUS in the Bethesda System) in comcopy performed outside Kaiser Permanente. A tele-
return) by reviewing the computer-accessible reparison to valid control subjects. The major steps ifhhone interview following the appointment was con-
cords of their voluntary, routine Pap smear examiease—control confirmation are outlined in Fig. 1 andjucted by a trained interviewer to elicit more detailed
nations from enroliment until the end of Decembemeferred to in the sections below. information than the enrollment questionnaire on de-
1994. During that time, Kaiser Permanente was rec- Initially, 770 possible case patients were enumermographic characteristics, Pap smear history, and re-
ommending yearly Pap smears, and many cohogted during follow-up. However, Kaiser Permanentgyroductive and sexual histories, by use of a formal,
members complied. The mean frequency of Papas a policy of a minimal 9-month gap betweenpreviously validated epidemiologic questionnaire.
smears during follow-up was 0.6 per woman petwo routine Pap smear examinations; thus, the 9 . .

year, with 22% of the women having none. Thepossible case patients who were diagnosed Withi%:OntrOI Subject Selection

youngest and oldest cohort members were the motie first 9 months subsequent to enroliment were not Up to three control subjects were matched to each
likely to be lost to follow-up. approached because they probably representgdobable case patient on two main variables: age (+5

Screened at enrollment
n=23,702
Incidence cohort
n=17,654
I
| ]
Pool of possible controls Possible cases
n=770
I
[ ] ]
No history of cervical neoplasia Benign reactive atypia at enroliment, Incident cervical neoplasia
Probable cases severe reactive atypia at diagnosis during the first 9 months
n=570 n=101, excluded of follow-up
n=99, excluded
Pathology review Chart review/interview
-+ history of cervical neoplasia
n=99, excluded
[ ]
Incident cervical neoplasia Enrollment results downgraded History of cervical neoplasia
during follow-up to negative before or at enroliment
n=380* n=45, added to controls n=55, excluded
i
[ 1 ]
ASCUS LSIL HSIL
n=154*| | n=179* n=47

Fig. 1. To study incident cases of squamous intraepithelial lesions (SIL), vieading to the final analytic group of case patients is shown. *Final case patients
attempted to exclude individuals with past or current diagnoses of SIL or relatedluded nine from the original control group; seven patients with incident
cervical treatments, using review of relevant computer files and patient chartsitgpical squamous cells of undetermined significance (ASCUS) and two patients
follow-up interview to the enrollment questionnaire, and strict pathology reviewith incident low-grade SIL were discovered on pathology review. LSIL

of all available cervical cytology and histology slides. The flow of exclusion®w-grade SIL; HSIL= high-grade SIL
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years) and follow-up time (0-60 days longer tharKurman), again masked to previous diagnoses. The All available specimens from case patients and
the index case patient to ensure that control subjecfgal case—control classification was made with thecontrol subjects collected at enroliment and diagno-
had at least as much time to develop SIL). We alsase of a simple algorithm by the National Cancersis were tested by use of PCR, except 21 samples (19
chose to match on three “nuisance” variables, whiclnstitute principal investigator (M. Schiffman) basedcontrol subjects, one ASCUS case patient, and one
proved however to be only weak confounding influ-on all review results. Almost all diagnoses werelow-grade SIL case patient) collected at enroliment
ences: enrollment clinic (gynecology versus lower-achieved either by an agreement between the firgtind four samples (four control subjects) at diagno-
risk health appraisal clinics performing only routinetwo reviewers or by a simple majority. The handfulsis, which had insufficient material.
screening), enrollment cytology diagnosis (normabf remaining case patients was adjudicated by takin'q> .
or benign reactive atypia), and return of the enrolithe middle ground of the dissenting diagnoses (e.gP? CR-Based Assay at the First
ment questionnaire. normal versus ASCUS versus low-grade SIL equalkaboratory

At identification of a probable case, a listing of ASCUS). For case patients who had both a biopsy ) -
upcoming appointments of possibly eligible match-and a diagnostic cytologic result (confirmed by the Aliquots of cerv_lcal Iavage were amplified by the
ing control subjects from the incidence cohort wageviewers), the more severe diagnosis was used fot CONSENSuUs primer pair MY09* and MY11, as
generated by computer linkage with enrolimenthe data analysis. descrlbed_p_reV|ou'_sI3(4,5).Am_pllflcatlon produ_cts
files. For most case patients who did not have un- The pathologists’ review excluded 55 probableV€"® Nybridized with a generic HPV probe mixture
usual matching factors, there were many possiblease patients because their Pap smears at or priortﬁ)deter,m'ne DOS'“V'W and. W'Fh type-specmc oligo-
control subjects. To prevent a potential selectiorenrollment were reviewed as suggesting SIL (Fighucleotide probes to identify individual HPV types.
bias, we did not contact possible control subjects i), and 45 probable case patients were excluded bél’_he probes included 6/11, 16, 18, 26, 31, 33, 35, 39,
any way to encourage their follow-up screening (because their diagnostic Pap smears were downgradé'g' 42, 45, 51, 52, 53, 54, 55, 56, 57, 58, 59, 66, 68,
cause case patients had not been contacted prior tiw negative on review (Fig. 1). The latter excluded73' PAP155, PAP291, and W13B'_ I_Becaust_e the
completing their diagnostic appointments). When a&ase patients were included as control subjects ip]robes for HPVG_ and HPV11 were originally m'XeC_‘
possible control subject did arrive and undergo folthis study. at Cetus, detection of these two types was not dif-
low-up screening, she was approached for collection Thus, a total of 371 (65.1%) of 570 probable Caséere'ntlated and was labeled HPVG/%l; however, 'r'e-
of a cervical lavage (96% participation). As for thepatients were confirmed as truly incident case pat€Sting showed that type 6 predominated. Amplifi-
case patients, telephone interviews were also used tients after the rigorous record review, interview,catlon _Of a humarg-globin gene fra.gmen.t was U_S?d
collect epidemiologic information. All participants and pathology review. Moreover, among the re8S an |nterna| contr_ol for sample |nFegr|ty. Positive
provided full, written informed consent. All key viewed control subjects, nine were found to beCONtOIs (SiHa cervical cancer cell lines) and nega-
study documents and protocols were approved bgnissed incident case patients because their diagnoté\fe controls (K562 humgn_ DNA ceII_ I_me) were in-
the local Institutional Review Board of Kaiser Per-tic slides indicated low-grade SIL (r 2) or cyto- terSPersed to ensure validity. In addition, at Cetus, a

manente. logically confirmed ASCUS (n= 7). They were maskpd repeat aliquot was in.ser'tgd as every 20th
Confi . t Probable C included, therefore, as case patients, raising the fingPS¢!MeN with near-perfect reliability.
onfirmation of Probable Case i i
. ) total of conflrmed case paFlents_to 380. _ PCR-Based Assay at the Second
Patients and Control Subjects The confirmed case patients included 154 with

final diagnosis of ASCUS, 179 with low-grade SIL'aLaboratory

At enrollment, members of the incidence cohortang 47 with high-grade SIL. Thirty-nine (83%) of
had been checked for medical history of SiL/cancefye high-grade SIL case patients were histologically
by an examination of relevant computer files and byonfirmed, to be what would typically be termed publications(7,15-17). Thirty microliters of sedi-

a self-administered questionnaire. To minimize furceryical intraepithelial neoplasia (CIN) 2 or 3. Many mented cellular material from the lavage was di-
ther the possibility of inclusion of patients with case patients with low-grade SIL did not have ggested by incubation in 190 of K buffer with 200
prevalent or recurrent cervical neoplasia in thisoiopsy performed; thus, only 70 (39%) of |°W'gradeptg/mL of proteinase K. A 1QeL aliquot of this
study of incident SIL, the hard-copy medical chartss|_ giagnoses were confirmed despite rigoroushynaterial was then amplif.ied with the MY09*/MY11
were retrieved and reviewed by an experiencegeyiewed cytology. Given that the diagnosis OfL1 consensus primer@,5). Ten microliters of the
medical abstractor for all probable case patients an§scus here required at least suspicion of SIL bYBCR reaction mix was énélyzed by agarose gel elec-
control subjects. The women found to have historiefore than one pathologist, the term should bgophoresis and transferred to nylon filters. The fil-
of SIL that had been missed at enrollment were eXgiewed as more specific than a typical communityters were hybridized overnight Witm{32P]déoxy—
cluded. In addition, a very few women whose mediytologic diagnosis of ASCUS. cytidine triphosphate-labeled generic probes for
cal history of cervical neoplasia came to light only - gmears from the 1056 control subjects were VirHpy and an oligonucleotide fgs-globin

during the telephone interview were excluded fromygjiy all confirmed as cytologically normal based  pcR products that were positive with the HPV
the analysis. These procedures led to the exclusiQ§l, their available smears. Only 55 control subjeCtyeneric probe mix were analyzed for multiple HPV
of 99 probable case patients (Fig. 1) and 19 contrglere excluded because of prevalent SIL at enrolhypes including HPV types 2, 6. 11, 13, 16, 18, 26
SUbJ_eCtS- ] ) ment or prior to enrollment. Nine more were reclasgq 32’ 33 34. 35. 39 40 42’4’5 5i 52’ 5é 54 55;

Finally, all stored Pap smears and biopsy slides oified as incident case patientseg¢ above After 5g 57 5g 59 61 62 64. 66. 67 68 69 70. 72. 73
probable case patients and control subjects befofgciusion of the 45 additional control subjects WhO(pAp2’38A’) AE2 AES. AE6 AE7 AES W13B
and after enroliment (up to diagnosis) were reyere originally diagnosed as possible incident caspap291 and PAP155 YSpecir’nens that were posi;ive
viewed. In addition to the enrollment and diagnosticgatiemS but down-graded subsequent to the pathaly the g‘eneric probe ;nix but negative by all type-
smears, a median of three cervical Smears per suggy review, there were 1037 confirmed control subspecific probes were considered to represent unde-
ject was reviewed, averaging one intervening Smeggcts, termined HPV types. Thus, in aggregate, 17 addi-

during follow-up (interquartile range, 0-2). .
. . : . tional types, namely, types 2, 13, 32, 34, 61, 62, 64,
Our review of smears and biopsy specimens usePetection of HPV DNA 67 69y$0 72 74 ),il\EtépAES AEG. AE7. and AES

the Bethesda System, with final diagnoses divided were assayed during the second testing pkake
into the classifications of normal, ASCUS, low- Cervical samples collected at enroliment and di- Y g 9p

grade SIL, and high-grade SIL. Pap smears weragnosis from a subject were assayed for HPV DNAStatistical Methods

screened by a single cytotechnologist who referretly use of the same PCR-based method. The first

all but unequivocally normal smears, along with allthird of the specimens was completed at Cetus Cor- HPV detection (overall and type specific) at en-
histology slides, to a single pathologist (D. R. Scott)poration (Emeryville, CA). The remaining speci- rollment and diagnosis was treated as a binary vari-
Subsequently, all possibly abnormal smears and athens were tested by use of the same protocol severble (positive versus negative) for calculation of risk
histology slides were reviewed masked to prior diyears later when the study was completed, in twastimates. Because the number of subjects infected
agnoses by a second pathologist (M. E. Shermanlarge batches at the Albert Einstein College of Mediwith a specific type of HPV was often too small to
After a comparison of the two pathologists’ reviews,cine (Bronx, NY). The laboratories performing PCRbe assessed individually with reliability, the differ-
all Pap smears and histology slides with discrepanvere masked to any information regarding the subent types of HPV were grouped according to their
readings were evaluated by a third pathologist (R. Jects. association with invasive cervical carcinonid).

The PCR detection and typing of HPV DNA at
bert Einstein are described in detail in previous
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The most important type, HPV16, was maintained aguestionnaire, and number of visits between enrollprief foIIow—up of the many probable case
a separate category, because it is common and foumtent and diagnosis were included in unconditionahstients who were excluded from analysis
in about half of cervical carcinoma case patientsegression models for adjustment. Uncondition .
worldwide (1). For grouped analyses, HPV typesmodeling was used despite the matched case—cont%hen found Or_‘ review to _b_e prgvalent.
found in at least 1% of cervical carcinoma patientsdesign, because the exclusion during clinical- hen case pafuents Were divided |n_t0 sub-
including types 18, 31, 33, 35, 39, 45, 51, 52, 56, 58pathologic review of unconfirmed case patients an@roups according to their SIL severity, the
59, and 68, were categorized as the “other cancecontrol subjects prevented the efficient maintenancsimilarity to the overall control subject
associated types.” The remaining types that weref the individual matching. However, conditional lo- group was not maintained. Most strik-
tested for in this study were categorized as “low-rislkgistic regression models yielded similar results, eveihg|y, Compared with the entire group of
types.” Subjects infected with multiple types ofthough they were necessarily restricted to case= . .
HPV were classified hierarchically into the highestcontrol strata still containing at least one case angontrOI SUbJeCtS’ ,ASCUS patients tended
HPV risk group applicable (16 > other cancer-one control following review(18). to be older, while low-grade SIL and
associated types > low-risk types). The interlaboratory agreement on HPV DNA de-high-grade SIL patients were younger.
Specimens displaying very weak hybridizationtection between Cetus and Albert Einstein College As shown in Table 1, compared with
signals with the generic HPV probe only (40 fromof Medicine was shown in a previous methodologicthe initially HPV-negative women, those
enrollment and 37 from diagnosis) were excludecomparisor(19)to be good (91%); however, testing who tested positive for HPV DNA at en-
from all HPV-related statistical analyses to mini-laboratory was retained as a variable in the statistical .
mize confusion due to their possible false positivity.models to prevent any statistical laboratory effect irrOllment were at a fourfold risk of devel-

Specimens of “undetermined typedee abovewere  this much larger series. oping incident ASCUS (OR: 3.8; 95%
categorized as HPV positive; however, these were Cl = 2.5-5.8), a fourfold risk of devel-
excluded in type-specific analyses. In analyses caRgsyLTS oping Iow-grade SIL (QR: 3.8; 95% CI
egorizing HPV types as cancer associated or low = 2.6-5.5), and a 13-fold risk of devel-

risk, the specimens of undetermined types were cat- nyoqnjite the many reviews and excluoping high-grade SIL (OR= 12.7; 95%
egorized as low risk.

The data were analyzed by use of standard corgiOn of case pangnts an(_j cpntrpl subject€l = 6.2-25.9). Analysis by HPV type
tingency table methods, with significance testingfound to be invalid, the distribution of the groups (Table 1) showed that women who
when performed as two-sided. To estimate relativéiUuisance variables remained basicallhad HPV16 infection at enrollment were
risks, we calculated odds ratios (ORs) and 95% corsimilar between all case patients and alt an even higher risk of developing high-
fidence intervals (Cls) associating HPV  infectioncontrol subjectsR>>.05 for all compari- grade SIL than those who had other types
W';Z‘;:SKTO; S”‘a‘tjsr:f‘g m:".:’t')le 'Og'sé'c trsgreS:'o_”blsons by standard chi-square testing)f HPV.
mocels. the matching variables and oiher possivig o\ ey er case patients tended to be While the percentage of HPV-positive
confounding variables including age (16-19 years, . .
20-29 years, 30-39 years, andi0 years), follow- younger P = .003). A_Iso, the length _of control subject_s rema_lne_d the same at en-
up time (<790 and=790 days), enrollment clinic, follow-up was longer in the case patientrollment and diagnosis, it was not neces-
enroliment cytology diagnosis, return of enrollimentgroup P = .007) because of typically sarily the same women infected at both

Table 1.0dds ratios (ORs) and corresponding 95% confidence intervals (Cls) for cervical neoplasia associated with human
papillomavirus (HPV) at study enrollment and at diagnosis*,t

No. of Patients with ASCUS Patients with low-grade SIL Patients with high-grade SIL
control
subjects No. OR 95% CI No. OR 95% CI No. OR 95% CI
HPV at enrollment
Negativet 834 100 1 — 100 1 — 13 1 —
Positivet 157 50 3.8 25-58 73 3.8 2.6-5.5 29 12.7 6.2-25.9
HPV16 25 9 5.5 2.2-135 13 5.8 2.7-12.5 12 63.9 16.4-248.1
Other cancer-associated types§ 60 16 3.5 1.8-6.8 35 5.7 3.4-9.7 9 30.9 9.0-106.1
Low-risk typed 72 25 4.0 2.3-6.9 25 3.2 1.8-5.3 8 6.8 2.1-22.3
HPV at diagnosis
Negativet 816 42 1 — 15 1 — 3 1 —
Positivet 145 39 8.4 4.9-14.4 106 44.4 24.2-81.5 33 67.1 19.3-233.7
HPV16 30 12 14.6 6.1-34.8 21 48.4 20.6-113.5 16 371.8 61.7-2242.7
Other cancer-associated types§ 43 18 185 8.6-39.7 63 90.5 44.1-185.9 11 273.9 42.2-1778.3
Low-risk typeg 72 9 3.8 1.7-8.6 22 20.0 9.4-42.6 6 33.2 6.1-181.6
HPV at enroliment/diagnosis
Negative/negative 712 36 1 — 7 1 — 0
Negative/positive 69 15 6.4 3.1-13.5 60 117.7 45.6-304.2 8 Not calculablef
Positive/negative 75 6 11 0.3-3.8 7 11.4 3.4-37.8 3 Not calculablef
Positive/positive 64 24 13.2 6.5-27.0 41 100.6 37.7-268.4 22 Not calculablef

*Adjusted for age (16-19, 20-29, 30-39, ardO years), enrollment clinic (gynecology versus health appraisal), cytologic diagnosis at enrollment (benign
reactive atypia or negative), participation status (returned enrollment questionnaire or not), follow-up time (<790 days ¥@0stays), number of Pap smears
during follow-up, and DNA testing laboratory (Cetus Corporation [Emeryville, CA] versus Albert Einstein College of Medicine [Bronx, NY]).

TASCUS = atypical squamous cells of undetermined significance; Sllsquamous intraepithelial lesions.

FSpecimens with a very weak signal with the generic probe, and no type-specific signals, were excluded to minimize the possibility of misnlasHiEa
status for these samples. Those whose polymerase chain reaction products hybridized clearly with the generic probe but none of the typgespebétidé
probes were included as HPV positive, type undetermined.

8Including HPV types 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68.

|[HPV types other than HPV 16, 18, 31, 33, 35, 39, 45, 51 52, 56, 58, 59, and 68, including the undetermined types.

fRelative risk estimates of infinity resulted because no cases of high-grade SIL were HPV negative at both enroliment and diagnosis.
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times. About the same proportion of con=2, the relative frequencies of each of thehe effect of follow-up time was impor-
trol subjects turned from HPV positive to23 individual HPV types among thosetant. No cases of new high-grade SIL de-
HPV negative, as vice versa. Only abouwvomen who tested HPV positive at en+veloped in the first 766 days of follow-up
40% of those individuals who tested HPVrollment are presented. In the table, thamong women who were HPV negative at
positive at enrollment still remained posi-women are presented according to theienrollment (the earliest three occurred at
tive at the follow-up visit. In contrast, final case—control status, but the HPV redays 767, 770, and 784 of follow-up). In
among women diagnosed with new cervisults are derived from enrollment speciother words, virtually all case patients
cal neoplasia, the prevalence of HPV infmens to show the distribution of HPVwith high-grade SIL within the first half
creased substantially at diagnosis contypes in advance of subsequent SIL.  of follow-up were HPV positive at enroll-
pared with enrollment. In particular, Among those who remained cytologi-ment, while only about half of the later-
approximately 90% of both |ow_gradecally normal throughout the study,ascertained high?grade SIL case patients
SIL and high-grade SIL case patientd1PV16 was the most common typewere HPV positive at gnrollr_nent. We
tested positive for HPV DNA at diagno- (20.2% of HPV-positive control subjects),found no convincing relationship between
sis. Therefore, the ORs associated witfP!lowed by HPV53 (16.2%). Conversely, HPV detection at enrollment and age of
HPV detection at diagnosis were muciffMong those who developed ASCUSthe subject with the high-grade SIL, the
higher than at enrollment when all theHPV53 was the most prevalent typesize of the lesion estimated from the pa-
women were still cytologically normal. (35.1%) at enrollment, followed by thology notes, or the histologic grade
At diagnosis, analyses by HPV typeHPV16 (24.3%). Among women devel-(CIN 2 versus CIN 3) (data not shown).

roups showed that the risks were faPPind €ither low-grade SIL or high-grade
gighgr among those detected with cancet!L: HPV16 was detected most fre-DISCUSSION

associated types than among those Witﬂuently. el was the second most N
only low-risk HPV types. Among the can- common among patients who developed In thls_ |pC|dent case—control study
cer-associated types, the higher risk assi@w-grade SIL. Other than HPV16, nonested within a large cohort, we demon-
ciated with HPV16 c,ompare d with other?ype contributed to more than three pastrated that HPV m_fectlon, as _measured
cancer-associated types was evident at OII.Il_ents who develope_d h|gh-graqle SIL. _ by HI_DV DNA detection, grea_tly increases
agnosis only for high-grade SIL In Table _3, the risks associated withthe risk of subsequen; cervical SIL. Th_e
Results of repeated HPV meésureme HPV detecthn at enrollment are shovyrHPV test results_predmted the cytolqg}c
showed roughly similar patterns for%r women diagnosed supsequently WltH_uture of the subjects, who were all ini-
ASCUS, low-grade SIL, and high-gradeS”‘ at different lengths of time of follow- tially normal. Our results support the tem-
' L . up. Among high-grade SIL case patientsporal relationship between HPV infection
SIL (Table 1). Specifically, the highest
risks were found among those who tested

HPV positive at both times, followed by Table 2. Detection of selected individual virus types among human papillomavirus (HPV)-positive

diagnosis, with less elevated risks ob
served among those with HPV DNA de- , _ , Patients with Patients with
tected only at enrollment Control subjects Patients with ASCUS  low-grade SIL high-grade SIL
The effects of viral persistence ap-HPV type No. %t No %t No. %t No. %t
peared to vary sqmewhat by_ case SUbJeﬂPvelll 12 9.7 5 135 3 4.7 2 8.3
group. Viral persistence, defined crudelypy ;¢ o5 202 9 24.3 13 20.3 12 50.0
as detection of the same HPV type at bothirPvis 8 6.4 1 2.7 3 4.7 3 12.5
times, was not associated with higheﬂﬁ@‘l5 sla g-g % 2471 g 120 fi 32
risks of ASCUS or Iow.-grade SIL COM- py33 6 48 1 57 3 17 1 42
pared with HPV detection at both timesypyas 3 2.4 2 5.4 3 47 1 4.2
but with different types (data not shown).HPV39 7 5.6 2 5.4 5 7.8 2 8.3
For high-grade SIL, about two thirds of HPV40 1 08 3 8.1 4 62 2 83
h HPV positive at both V45 9 7.2 1 2.7 2 31 0 0
the women were V. p HPV51 18 145 7 18.9 11 17.2 1 4.2
times. Among these high-grade SIL casepvs2 8 6.4 3 8.1 3 4.7 2 8.3
patients who were HPV positive twiceHExgi 22 12-5 1§> 133?51 3{3 142-75 11 ;1-22
(compared Wl'th those contro[ subjectiPV55 0 o 0 0 3 47 1 49
who were pOSItIVE_ tWICE), persistence olypyse 5 4.0 4 10.8 8 12.5 2 8.3
any cancer-associated HPV type was astVs8 9 7.2 2 5.4 6 9.4 2 8.3
sociated with a twofold risk comparednﬁxgg g 2-8 2 27 c2) gl % 1%-5
with repeated detection of HPVs at both} b\ /55 > 16 3 81 3 17 0 0
enrollment and diagnosis without a perpapiss 7 5.6 2 5.4 5 7.8 0 0
sistent cancer-associated type (data n&t\P238A 9 7.2 1 2.7 1 6.3 1 4.2

shown). However, the numbers of high-
c - . B ) ) . ] ) e
grade case patients in each category of ASCUS = atypical squamous cells of undetermined significance; SlLsquamous intraepithelial

. . lesions.
this anaIySIS were less than 10. tPercentage among HPV-positive subjects, excluding those who had only undetermined HPV types, since
There were 23 HPV types det?CtapIQhe analysis in this table is type specific. The denominators for these percentage calculations are as follows:
by both the Cetus and Albert Einsteincontrol subjects (n= 125); patients with ASCUS (= 37); patients with low-grade SIL (s 64); patients

College of Medicine protocols. In Tablewith high-grade SIL (n= 24).
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Table 3.0dds ratios (ORs) and 95% confidence intervals (Cls) for cervical neoplasia associated with human papillomavirus (HPV)
infection at study enroliment, by follow-up time*,t

No. OfI Patients with ASCUS Patients with low-grade SIL Patients with high-grade SIL
contro
Follow-up time, HPV —/+ subjects No. OR 95% ClI No. OR 95% ClI No. OR 95% ClI
<510 days
Negative 204 10 1 20 1 0
Positive 58 13 8.3 2.7-25.3 32 8.4 4.0-17.5 6 Not calculablef
510-789 days
Negative 201 22 1 26 1 3 1
Positive 41 13 5.3 2.2-12.8 14 3.4 1.5-7.8 8 19.3 3.9-95.2
790-1119 days
Negative 215 2 1 19 1 5 1
Positive 32 13 3.8 1.6-9.1 13 4.4 1.8-10.9 6 8.7 1.8-42.9
=1120 days
Negative 214 46 1 35 1 5 1
Positive 26 11 29 1.2-6.8 14 3.6 1.5-85 9 20.7 5.2-82.6

*Adjusted for age (16-19, 20-29, 30-39, ardO years), enrollment clinic (gynecology versus health appraisal), cytologic diagnosis at enrollment (benign
reactive atypia or negative), participation status (returned enrollment questionnaire or not), follow-up time (<790 days %@0stays), number of Pap smears
during follow-up, and DNA testing laboratory (Cetus Corporation [Emeryville, CA] versus Albert Einstein College of Medicine [Bronx, NY]J).

TASCUS = atypical squamous cells of undetermined significance: Slisquamous intraepithelial lesions.

TA relative risk estimate of infinity resulted because no case patients with high-grade SIL that was within 510 days were HPV negative at enroliment.

and subsequent cervical neoplasia, furthetage) and our unusual high-grade Sllage incubation period of a few months to
confirming that the relationship is a cau-case patients (rapid onset). The predictiva few years would be analogous to the
sal one. An elevated risk of future cervicalvalue of cytology combined with HPV reported latency of genital warts follow-
neoplasia associated with the sensitive d®NA testing among middle-aged anding infection with HPV6 and HPV1{23).
tection of HPV DNA in normal women is older women is being targeted in cohort The results of PCR measurement at
consistent with previous, smaller cohorstudies now under way. both enrollment and diagnosis showed
studies [reviewed ir{3)]. The magnitudes of risk estimates assahat the risks of SIL were highest among
Compared with other cancer-associated with HPV infection at diagnosisthose who tested positive at both times.
ciated HPV types, HPV16 infection pre-were much greater than at enrollment, beFhose who had evidence of viral persis-
dicted an especially elevated risk of highcause the HPV DNA prevalence amongdence with a cancer-associated HPV type,
grade SIL. Although HPV16 may accountcase patients, particularly among lowi.e., at least one cancer-associated HPV
for a substantial portion of high-grade SlLgrade SIL case patients, increased sulbype that was detected at both times, were
(and cancer), many types of HPV seenstantially at diagnosis, while the preva-at an even higher risk of high-grade SIL
nearly as likely to cause ASCUS and low4ence among control subjects remainediagnosis. Repeated detection of HPV16,
grade SIL. unchanged. The much higher prevalencthe most common cancer-associated
The risks of SIL associated with HPV of HPV infection at diagnosis suggestdHPV, was associated with a particularly
detection at enroliment did not show anythat many of the HPV infections amonghigh risk of high-grade SIL, confirming
convincing increases with age (with thethe case patients (especially those witlather reports that a persistent or repeated
possible exception of low-grade SIL, datdow-grade SIL) were acquired during theinfection with a cancer-associated type of
not shown). We had predicted a strongefollow-up after enrollment. In turn, the HPV strongly increases the risk of high-
association among older women, becaugmssibility of infection acquired during grade SIL(9,10).
HPV DNA detection among cytologically follow-up implies that the duration be- In our analysis of two-time measure-
normal women decreases strongly withween initial HPV infection and detection ments, we were not able to differentiate
age in many populations, including theof new SIL can often be even shorter thamersistent infection from recurrent infec-
Kaiser Permanente cohort studied herthe approximately 2-year median time tdion with HPV of the same type. Future
(20,21).In contrast, women with SIL and diagnosis of our case patients. studies should incorporate HPV variant
cancer remain HPV DNA positive regard- Moreover, because the enrollmentnalysis methods to evaluate persistence,
less of age(22). Therefore, HPV DNA measurement of HPV infection could notdifferentiate specific variants, and evalu-
detection might be expected to be mor@inpoint the time of infection (some of theate their importance separate(24). As
highly associated with cervical SIL andinfections might have already been peranother concern, all high-grade SIL case
cancer among women at older ages. Alsistent), we could not calculate the compatients in our study were incident case
though we were limited to only six casesplete incubation curve from the time ofpatients without previous detection of
of high-grade SIL occurring in women infection to the diagnosis of SIL. Thelow-grade SIL or even ASCUS. The me-
more than 40 years of age, we found naypically delayed diagnosis of SIL follow- dian number of Pap smears performed in
such trend (only three of six were positiveing its time of true development make in-the interval between enrollment and diag-
at enrollment). The lower than expectedubation curves even more suspect. None&osis was one (range, 0-5) for the high-
HPV detection cannot be explained bytheless, it is clear that there is a larggrade SIL case patients as for all subjects
our data but may have been affected bincrease in risk of SIL in the first few combined. It is possible that the patholog-
our choice of collection instrument (la-years following HPV infection. An aver- ic pathways of these rapid-onset cases of
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high-grade SIL may be different from ithelial neoplasia grade 2 or 3 in relation to tion in low-risk women in Portland, Oregon.
those that progressed via ASCUS or low-  papillomavirus infection. N Engl J Med 1992; Sex Transm Dis 1993;20:274-8.

grade SIL over a Ionger period of time 327:1272-8. (21) Rosenfeld WD, Vermund SH, Wentz SJ, Burk
In conclusion. HPV DNA detectioﬁ (9) Remmink AJ, Walboomers JM, Helmerhorst RD. High prevalence rate of human papilloma-
! TJ, Voorhorst FJ, Rozendaal L, Risse EK, et al. virus infection and association with abnormal

precedes and predicts the first cytologic presence of persistent high-risk HPV ~ papanicolaou smears in sexually active adoles-
detection of SIL. Many HPV types appar-  genotypes in dysplastic cervical lesions is as-  cents. Am J Dis Child 1989;143:1443-7.
ently cause low-grade SIL, whereas sociated with progressive disease: natural his22) Schiffman MH, Sherman ME. HPV testing to
HPV16 predominates in the rarer rapid tory up to 36 months. Int J Cancer 1995;61:  Improve cervical cancer screening. In: Srivas-

development of high-grade SIL withouta ~ 306-11. tava S, Lippman SM, Hong WK, Mulshine JL,
preceding ASCUS or low-grade SIL.(10) Ho GY, Bierman R, Beardsley L, Chang CJ, editors. Molecular markers of early de_tegtlon
None of the behavioral risk factors for Burk RD. Natural history of cervicovaginal of cancer. Armonk (NY): Futura Publishing

cervical neoplasia fundamentally altered ~ PaPilomavirus infection in young women. N gos 1994, P 20571

- ' Engl J Med 1998;338:423-8. (23) Oriel JD. Sex and cervical cancer. Genitourin
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tion of cervical cancer by vaccination are  mavirus type 16 virus-like particles in an inci- ~ 1°°! 10 study persistence of cervical human
supported by firm etiologic evidence and dent case—control study of cervical neoplasia. J Fg:”l%gjgg;g;efgon [letter]. J Natl Cancer
should be defined by clinical studies. Infect Dis 1995,172:1425-30. o '
(12) The 1988 Bethesda System for reporting cer-
REFERENCES vicallvaginal cytological diagnoses. National NOTES
Cancer Institute Workshop. JAMA 1989;262;

(1) Bosch FX, Manos MM, Munoz N, Sherman M, 6:931-4. Present addresse.-L. Liaw, Department of
Jansen AM, Peto J, et al. Prevalence of huma(il3) Vermund SH, Schiffman MH, Goldberg GL, Epidemiology, University of Pittsburgh, PA; M. M.
papillomavirus in cervical cancer: a worldwide Ritter DB, Weltman A, Burk RD. Molecular Manos, Kaiser Permanente Division of Research,
perspective. International Biological Study on diagnosis of genital human papillomavirus in-Oakland, CA; C. E. Greer, Chiron Corporation, Em-
Cervical Cancer (IBSCC) Study Group. J Natl fection: comparison of two methods used toeryville, CA; D. Tabor, Allied Technology Group,
Cancer Inst 1995;87:796-802. collect exfoliated cervical cells. Am J Obstet Rockville, MD.

(2) Schiffman MH, Bauer HM, Hoover RN, Glass Gynecol 1989;160:304-8. Supported by a series of contracts issued by the
AG, Cadell DM, Rush BB, et al. Epidemio- (14) Sherman ME, Schiffman MH, Lorincz AT, National Cancer Institute (NCI) to the collaborating
logic evidence showing that human papilloma- Manos MM, Scott DR, et al. Toward objective clinical, coordinating, DNA testing, and data analy-
virus infection causes most cervical intraepi- quality assurance in cervical cytopathology.sis groups. As the only exception, DNA testing of
thelial neoplasia. J Natl Cancer Inst 1993;85: Correlation of cytopathologic diagnoses withthe first third of the specimens was provided by
958-64. detection of high-risk human papillomavirus Cetus Corporation, Emeryville, CA (subsequently

(3) IARC monographs on the evaluation of carci- types. Am J Clin Pathol 1994;102:182-7. Roche Molecular Systems) under a formal Coopera-
nogenic risks to humans. Volume 64. Human(15) Tachezy R, Van Ranst MA, Cruz Y, Burk RD. tive Research and Development Agreement with the
papillomaviruses. Lyon (France): IARC; 1995. Analysis of short novel human papillomavirus NCI. All analyses were masked. M. Sherman re-

(4) Manos MM, Ting Y, Wright DK, Lewis AJ, sequences. Biochem Biophys Res Commumeived research support and previous contracts from
Broker TR, Wolinsky SM. The use of polymer- 1994;204:820-7. Digene Corp (Silver Spring, MD), Cytyc Inc. (Box-

ase chain reaction amplification for the detec{16) Ho GY, Burk RD, Klein RS, Kadish AS, borough, MA), and Neuromedical Systems Inc.
tion of genital human papillomaviruses. Cancer Chang CJ, Palan P, et al. Persistent genital hySuffern, NY), indirect collaborative support from

Cells Mol Diagnos Hum Cancer 1989;7: man papillomavirus infection as a risk factor NeoPath (Seattle, WA) and National Testing Labo-
209-14. for persistent cervical dysplasia. J Natl Canceratories (Fenton, MO), and has a contract pending
(5) Hildesheim A, Gravitt P, Schiffman MH, Kur- Inst 1995;87:1365-71. with Merck (Rahway, NJ).
man RJ, Barnes W, Jones S, et al. Determinan{d7) Jiang G, Qu W, Ruan H, Burk RD. Elimination =~ We wish to recognize the outstanding years of
of genital human papillomavirus infection in of false-positive signals in enhanced chemilutechnical excellence contributed by Leilani Wilson,
low-income women in Washington, D.C. Sex minescence (ECL) detection of amplified HPV Chris Eddy, Pat Werlein, and Pauline Love (Kaiser
Transm Dis 1993;20:279-85. DNA from clinical samples. Biotechniques Permanente); by Cindy Stanton, Jim Vaught, An-
(6) Snijders PJ, van den Brule AJ, Schrijnemakers 1995;19:566-8. nelle Bond, Barbara O’Brien, and David Garner at
HF, Snow G, Meijer CJ, Walboomers JM. The (18) Breslow NE, Day NE. Statistical methods in the coordinating unit (Westat Inc.); by Tracy Zhang
use of general primers in the polymerase chain  cancer research. Volume 1—The analysis ofind Patti Gravitt at the first human papillomavirus
reaction permits the detection of a broad spec-  case—control studies. IARC Sci Publ 1980;32(HPV) testing laboratory (Cetus); by W. Qu, G.
trum of human papillomavirus genotypes. J 270-6. Jiang, Q. Lin, and Y. Cruz at the second HPV testing
Gen Virol 1990;71(Pt 1):173-81. (19) Hsing AW, Burk RD, Liaw KL, Chen CJ, laboratory (Albert Einstein College of Medicine);
(7) Qu W, Jiang G, Cruz Y, Chang CJ, Ho GY, Zhang T, Schiffman M, et al. Interlaboratory and by Julie Buckland at the data analysis group
Klein RS, et al. PCR detection of human pap- agreement in a polymerase chain reaction{IMS, Silver Spring, MD). In addition, we thank the
illomavirus: comparison between MY09/ based human papillomavirus DNA assay [let-physicians and nurse practitioners of Kaiser Perma-
MY11 and GP5+/GP6+ primer systems. J Clin ter]. Cancer Epidemiol Biomarkers Prev 1996;nente who expertly collected the many thousands of
Microbiol 1997;35:1304-10. 5:483-4. specimens needed for this research in the course of

(8) Koutsky LA, Holmes KK, Critchlow CW, (20) Bauer HM, Hildesheim A, Schiffman MH, their clinical duties.
Stevens CE, Paavonen J, Beckmann AM, etal.  Glass AG, Rush BB, Scott DR, et al. Determi- Manuscript received August 20, 1998; revised
A cohort study of the risk of cervical intraep- nants of genital human papillomavirus infec-March 26, 1999; accepted April 2, 1999.

960 REPORTS Journal of the National Cancer Institute, Vol. 91, No. 11, June 2, 1999



