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The clinical relevance of the amount of human papillomavirus type 18 (HPV18) DNA in cervical tissue (ie,

Study subjects were 303 women who were HPV18 positive at enrollment into the Atypical Squamous Cells
of Undetermined Significance (ASC-US) and Low-Grade Squamous Intraepithelial Lesion (LSIL) Triage
Study. HPV18 DNA load, expressed as copies of HPV18 per nanogram of cellular DNA, at enroliment was
quantitatively measured. Subjects were followed up semiannually for a period of 2 years for detection of
cervical intraepithelial neoplasia 2-3 (CIN2-3). A linear regression model was used to examine associa-

CIN2-3 was confirmed in 92 of 303 (30.4%) HPV18-positive women. Among women without CIN2-3,
HPV18 DNA load was positively associated with increasing severity of cervical cytology at enrollment
(Pyens < -001). However, among those with CIN2-3, HPV18 DNA load was not associated with severity of
cervical cytology at enrollment (P,,., = .33). The ratios of geometric means of HPV18 DNA load at enroll-
ment among women with CIN2-3, relative to those without, were 6.06 (95% confidence interval [Cl] = 0.31
to 117.92) for those with normal cytology at enrollment, 0.50 (95% Cl = 0.10 to 2.44) for those with
ASC-US, 0.11 (95% CI = 0.03 to 0.46) for those with LSIL, and 0.07 (95% Cl = 0.01 to 0.80) for those with
high-grade squamous intraepithelial lesion (HSIL). After adjusting for age and coinfection with other high-
risk HPVs, a statistically significant association of lower HPV18 DNA load with CIN2-3 was observed
among women with LSIL or HSIL at enrollment (P = .02). Within the 2-year period, HPV18 DNA load was
unrelated to the timing of CIN2-3 diagnosis. Overall results were similar when the outcome was CIN3.

Background
HPV18 DNA load) is unknown.
Methods
tions of CIN2-3 with HPV18 DNA load. All statistical tests were two-sided.
Results
Conclusions

HPV18 DNA load was higher for women with LSIL or HSIL at enroliment with no evidence of CIN2-3 dur-
ing the 2-year follow-up period than it was for women with CIN2-3. Thus, testing for high levels of HPV18
DNA does not appear to be clinically useful.
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Although human papillomavirus type 18 (HPV18) is the second
most common type of HPV detected in invasive cervical cancers (1)
and is more prevalent in cervical adenocarcinoma/adenosquamous
carcinoma than in squamous cell carcinoma (2), it is infrequently
detected in cross-sectional studies of women with cervical intraepi-
thelial neoplasia grades 2-3 (CIN2-3), the precursor of cervical
cancer (3-6). Possible explanations for the limited detection of
HPV18-related CIN2-3 include the following: HPV18-associated
CIN2-3 may progress rapidly to invasive disease (5) and HPV18-
associated CIN2-3 may be underdiagnosed, perhaps because
HPV18 has a tropism to glandular cells in which the infection is less
accessible to sampling and the lesion is difficult to detect or because
HPV18 is less likely to cause a cytological high-grade squamous
intraepithelial lesion (HSIL) than HPV16 (7), thereby leading to
underrepresentation of HPV18 in CIN2-3 patients. Another pos-
sibility for the underdiagnosis of HPV18-related CIN2-3 is that
replication of HPV18 DNA may be below a detectable threshold
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during neoplastic transformation. This possibility can be indirectly
evaluated by comparing the HPV18 DNA concentrations in

Affiliations of authors: Department of Pathology (LFX, JH, NBK) and
Department of Obstetrics and Gynecology (CM), School of Medicine,
Department of Epidemiology (LFX, LAK), School of Public Health and
Community Medicine, University of Washington, Seattle, WA; Division of
Cancer Epidemiology and Genetics (PEC), National Cancer Institute, National
Institutes of Health, Bethesda, MD; Department of Microbiology and
Department of Molecular Genetics, School of Medicine, University of New
Mexico, Albuquerque, NM (CMW); Fred Hutchinson Cancer Research Center,
Seattle, WA (DAG).

Correspondence to: Long Fu Xi, MD, PhD, Department of Pathology, School
of Medicine, University of Washington, 1914 North 34th St, Suite 300,
Seattle, WA 98103 (e-mail: longfu@u.washington.edu).

See “Funding” and “Notes” following “References.”
DOI: 10.1093/jnci/djn461

© The Author 2009. Published by Oxford University Press. All rights reserved.
For Permissions, please e-mail: journals.permissions @oxfordjournals.org.

JNCI | Articles 153



CONTEXT AND CAVEATS

Prior knowledge

Human papillomavirus type 18 (HPV18) is often detected in invasive
cervical cancer, but it is unknown whether high amounts of HPV18
DNA in cervical tissue are associated with cervical intraepithelial
neoplasia (CIN) grades 2-3, the precursor of cervical cancer.

Study design

Women (n = 303) who were HPV18 positive at enrollment in the
Atypical Squamous Cells of Undetermined Significance and Low-
Grade Squamous Intraepithelial Lesion Triage Study were moni-
tored semiannually for 2 years.

Contributions

CIN2-3 was diagnosed in 92 women. The amount of HPV18 DNA was
positively associated with severity of cervical cytology at enroliment
among women without CIN2-3 during the 2-year study period, and
among those with low- or high-grade sequamous intraepithelial
lesions at enrollment, it was lower in women with CIN2-3 than those
without CIN2-3.

Implications
Testing for high amounts of HPV18 DNA in cervical tissue samples
may not be clinically useful.

Limitations

The study sample size is small. Lesions would have likely been
detected earlier in the study than in the general population. HPV18
DNA levels may fluctuate during the course of infection.

From the Editors

cervical samples (ie, HPV DNA load) of women with CIN2-3 and
without CIN2-3 who have a detectable HPV18 infection.
Previous attempts to examine the clinical relevance of HPV
DNA load have focused mainly on HPV16 (8-19) and have shown
that the elevated viral load is associated with risk of cervical cancer
and its precursor. Data from quantitative analyses of viral load of
other HPV types are rare. The reported findings regarding
HPV18 DNA load and risk of high-grade lesions are controver-
sial—some studies (12,19-23) found a positive association; others
(7,8,24) did not. Most of the previous studies are of cross-sectional
observations with only a single measurement of outcome of inter-
est. Although few studies with longitudinal settings have been
reported (13,18,25), the findings are generally limited by the small
sample size. It remains largely undetermined whether, and to what
extent, the relationship between HPV18 DNA load and CIN2-3
differs by cervical cytology, the factor known to reflect productive
HPV infections and is associated with underlying histopathology.
To better understand the clinical implications of HPV18 DNA
load, we examined associations of HPV18 DNA load with severity
of cervical cytology at enrollment into the Atypical Squamous
Cells of Undetermined Significance (ASC-US) and Low-Grade
Squamous Intraepithelial Lesion (LSIL) Triage Study (ALTS), a
clinical trial that was designed to evaluate management strategies
for women with mild or equivocally abnormal community-read
Pap smears. We compared cytology-stratified HPV18 DNA load
of women with CIN2-3 and without CIN2-3 during a 2-year
follow-up period and between CIN2-3 patients who were initially
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diagnosed at the time concurrent with and subsequent to the visit
at which HPV18 DNA load was measured.

Study Subjects and Methods

Subjects and Study Design

Study subjects were women who participated in ALTS. A full
description of the AL'TS design and study population is available
elsewhere (26,27). Briefly, between January 1, 1997, and December
31, 1998, a total of 5060 women who had a Pap smear showing
ASC-US or LSIL within 6 months (an average of 2 months) were
enrolled. Women were randomly assigned to one of three manage-
ment arms (ie, immediate colposcopy, HPV triage, or conservative
management). These arms differed only in referral for colposcopy
at enrollment: An entry colposcopic examination with biopsy of
any visible lesions was referred for all women in the immediate
colposcopy arm, women who had an entry cytology result of HSIL
in the conservative management arm, and women who had either
an entry HPV test result of positive for high-risk types or an entry
cytology result of HSIL in the HPV triage arm. Participants in all
study arms were scheduled to return for Pap smear and HPV test-
ing every 6 months for 2 years. During follow-up, women were
rereferred for colposcopy and biopsy if HSIL was identified. At the
end of the study, participants were required to undergo an exit
procedure including cytology, HPV testing, and colposcopic
examination with biopsy of any visible lesions.

An ALTS participant was eligible for this study if HPV18
DNA was detected by polymerase chain reaction (PCR)-based
reverse-line blot assay in her cervical swab sample at enrollment
(28,29). The ALTS protocol was approved by the institutional
review boards at the National Cancer Institute and at each of the
four clinical centers involved in the trial, and written informed
consent was obtained from all ALTS participants. The protocol
for this ancillary study was also approved by the institutional
review board at the University of Washington. Of 312 eligible
women, 8 were excluded because their enrollment samples were
not available for viral load quantification. We also excluded one
woman whose enrollment sample was positive for HPV18 but was
negative for cellular DNA, leaving 303 women in the analysis.

In ALTS, cervical cytology and histology were initially diag-
nosed by clinical center pathologists and then reviewed by a panel
of expert pathologists. Histological diagnosis was made on tissues
that were obtained by biopsy, endocervical curettage, and/or exci-
sion procedure. The most severe diagnosis was assigned if there
was more than one tissue block examined at a single visit. The
clinical endpoint used for this study was based on diagnoses by the
panel of expert pathologists. The results did not change apprecia-
bly when the diagnosis by the clinical center pathologists was used
(data not shown).

Quantification of HPV18 DNA Load

HPV18 DNA load in enrollment cervical swab sample was mea-
sured by multiplex real-time PCR. DNA was extracted and puri-
fied as previously described (30). The assay was set up in a reaction
volume of 25 pLL with the TagMan Universal PCR Master Mix kit
(Applied Biosystems, Foster City, CA). Sequences of primers and
probe for the HPV18 E7 gene were as follows: forward primer,
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nucleotide position 686-710, 5'-GACTCAGAGGAAGAAAA-
CGATGAAA; reverse primer, nucleotide position 766-748, 5'-
GTGACGTTGTGGTTCGGCT; and probe, nucleotide
position 715-739, 5'-"TGGAGTTAATCATCAACATTTACCA.
The probe was labeled with a fluorescence reporter dye (VIC, a
proprietary fluorescent dye; Applied Biosystems) at the 5’ end and
a quencher dye (6-carboxy-tetramethyl-rhodamine) at the 3’ end.
The primers and probe for the B-actin gene (cellular DNA) were
commercially available (Applied Biosystems). PCR amplification
was carried out on Applied Biosystems 7900 HT Sequence
Detection System with a cycling program of holding at 50°C for
2 minutes and then at 95°C for 10 minutes followed by a two-step
cycle of 10 seconds at 95°C and 1 minute at 60°C for 40 cycles.

Two logarithmic-phase five-point standard curves were imple-
mented in each set of real-time PCR assays—one for HPV18
DNA and the other for cellular DNA. The viral load was normal-
ized to the input amount of cellular DNA and expressed as HPV18
E7 copy number per nanogram of cellular DNA. Each sample was
assayed in triplicate, and the mean value from the three triplicate
measurements was used for analysis. The estimated reliability of
the mean of the triplicate measures was 0.96 with an intraclass cor-
relation coefficient, 7 = .89 (95% confidence interval [CI] = 0.87 to
0.91), as assessed by one-way ANOVA with random effects.

HPV18 E7 DNA was not detected by real-time PCR in 22
cervical samples that tested positive by initial PCR-based reverse-
line blot assay. The negative result was not explained by a lack of
sufficient sample DNA input or presence of inhibitors because the
amount of cellular DNA in samples with and without detectable
HPV18 E7 DNA was similar (data not shown). Considering that
the result might be due to a tiny amount of HPV18 DNA in the
sample, a value of one viral copy per nanogram of cellular DNA
was arbitrarily assigned to each of these samples. Similar results
were obtained when these samples were excluded from the analysis
(data not shown).

Statistical Analyses

The quantity of HPV18 DNA at enrollment was treated as a con-
tinuous variable, and log,,-transformed values were used for statis-
tical analysis. Because hierarchically HPV16 confers a higher risk
of CIN2-3 than does HPV18, the results were presented sepa-
rately for all HPV18-positive women and for those without
HPV16 coinfection at enrollment.

The cross-sectional associations of HPV18 DNA load with risk
of abnormal cervical cytology at enrollment were measured by use
of risk ratios (RRs), with normal cervical cytology as the reference
group. The risk ratios and 95% confidence intervals were esti-
mated using log regression analysis (31) and adjusted for age at
enrollment (18-24 vs >25 years) and coinfection with other high-
risk HPV types, which include types 16, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, and 68 (yes or no).

A linear regression model (32) was used to compare cytology-
stratified HPV18 DNA load between women with CIN2-3 and
those without CIN2-3 and between women with CIN3 and those
without CIN2-3, while controlling for age at enrollment and coin-
fection with other high-risk HPV types. To minimize the possibil-
ity of verification bias being introduced by missing and/or delayed
diagnoses at enrollment, the 2-year cumulative diagnosis of
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CIN2-3 (or CIN3) was used as the endpoint. For women with
CIN2-3 (or CIN3) that was detected at more than one time point,
only the first diagnosis was counted.

Among CIN2-3 patients, we examined HPV18 DNA load at
enrollment when the initial CIN2-3 diagnosis occurred (at enroll-
ment vs during follow-up). To minimize a possible bias being
introduced by the study arm-related referral of entry colposcopy
and biopsy, this analysis was restricted to women who were
enrolled in the immediate colposcopy or HPV triage arm. Per
ALTS protocol, women in these two arms who tested positive for
high-risk HPV types at enrollment were required to undergo an
entry colposcopic examination.

To examine the association between HPV18 DNA load at
enrollment and risk of concurrent CIN2-3 in this subset of
women, we estimated risk ratios and 95% confidence intervals
using log regression analyses. A Cox proportional hazards regres-
sion model (33) was used to estimate hazard ratios (HRs) of
CIN2-3 initially diagnosed during follow-up associated with
HPV18 DNA load at enrollment. The latter analysis was restricted
to women without histologically confirmed CIN2-3 at enrollment.
In this analysis, time to the event was measured from the date of
study entry to the onset of CIN2-3. The time of onset was defined
as the midpoint between the visit at which CIN2-3 was initially
diagnosed and the most recent previous visit. Women who did not
develop CIN2-3 were censored at the date of their last visit. The
proportional hazards assumption of the Cox regression was exam-
ined by the rank test; no violation was found.

We used Student ¢ test or one-way ANOVA, whichever was
appropriate, to compare HPV18 DNA load by age at enrollment,
study arm, race (white or nonwhite), current smoking status (yes or
no), current use of hormonal contraceptives (yes or no), lifetime
number of sex partners (0-5 or >6), HPV18 variant (European,
African, or Asian American), and coinfection with other high-risk
HPV types (yes or no). A linear trend for increase in HPV18 DNA
load with increasing severity of cervical cytology at enrollment was
tested by assigning scores to cytological diagnoses and treating this
scored factor as a continuous variable. P values were two-sided;
comparisons for which P was less than .05 were considered statisti-
cally significantly different.

Results

Among 303 women who tested positive for HPV18 at enrollment,
the geometric mean of HPV18 DNA load (expressed as HPV18
E7 copy number per nanogram of cellular DNA) was 7.37 x 10°
(95% CI =4.78 x 10° to 1.13 x 10*). Abnormal cytology at enroll-
ment was detected in 243 (80.2%, 95% CI = 75.3% to 84.5%) of
303 women, including 82 (27.1%) with ASC-US, 127 (41.9%)
with LSIL, and 34 (11.2%) with HSIL (Table 1). Among women
who had normal cytology at enrollment and no evidence of
CIN2-3 during the 2-year follow-up interval, the mean log,,-
transformed HPV18 DNA load at enrollment differed statistically
significantly between those with and without coinfection with
other high-risk HPV types (2.03 vs 3.36, difference = 1.33, 95%
CI =0.38 to 2.27; P = .007). No appreciable difference in HPV18
DNA load was observed by age at enrollment, race, lifetime
number of sex partners, current smoking status, current use of
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Table 1. Associations between abnormal cervical cytology and a 1-unit increase in log,,-transformed HPV18 DNA load at enrollment*

Mean (SD) of log,, HPV18 E7 copy number

Cytology at enrollment No. per nanogram of cellular DNA Crude RR (95% ClI) Adjusted RR (95% CI)t
All women
Within normal limits 60 2.82 (+1.70) 1.00 (Referent) 1.00 (Referent)
ASC-US 82 3.87 (£1.48) 1.51 (1.20 to 1.91) 1.61 (1.26 to 2.06)
LSIL 127 4.19 (+1.59) 1.64 (1.33 t0 2.01) 1.85 (1.46 to 2.33)
HSIL 34 4.49 (+1.51) 2.01 (1.39 to 2.90) 2.49 (1.64 to 3.78)
Women without HPV16
coinfection
Within normal limits 52 3.05 (£1.57) 1.00 (Referent) 1.00 (Referent)
ASC-US 72 3.95 (£1.44) 1.50 (1.16 to 1.95) 1.57 (1.19 to0 2.07)
LSIL 107 4.26 (+1.61) 1.59 (1.26 to 1.99) 1.78 (1.38 t0 2.29)
HSIL 23 4.79 (£1.47) 2.34 (1.46 to 3.77) 2.67 (1.61 to 4.45)

* HPV = human papillomavirus; SD = standard deviation; RR = risk ratio (a ratio of the probability of having abnormal cervical cytology associated with a 1-unit
increase in log,-transformed HPV18 DNA load); Cl = confidence interval; ASC-US = atypical squamous cells of undetermined significance; LSIL = low-grade
squamous intraepithelial lesion; HSIL = high-grade squamous intraepithelial lesion.

T Adjusted for age at enrollment and coinfection with other high-risk HPV types (ie, HPV16, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 for all women and HPV31,
33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 for those without coinfection with HPV16).

hormonal contraceptives, HPV18 variant, and study arm (data
not shown).

After adjusting for age at enrollment and coinfection with other
high-risk HPV types, the risk ratios of cytological interpretations
of ASC-US, LSIL, and HSIL (as compared with within normal
limits) per 1-unit increase of log-transformed HPV18 DNA load
at enrollment were 1.61 (95% CI = 1.26 to 2.06), 1.85 (95% CI =
1.46 t0 2.33), and 2.49 (95% CI = 1.64 to 3.78), respectively (T'able 1).
The risk ratios remained similar when the analysis was restricted
to women without HPV16 coinfection at enrollment. Among 76
women who were infected with HPV18 as the only HPV type at
enrollment, the viral load remained higher in women with abnor-
mal cytology than for those with normal enrollment cytology (RR
=1.37,95% CI = 1.00 to 1.89).

During the 2-year study period, CIN2-3 was histologically
confirmed in 92 (30.4%, 95% CI = 25.2% to 35.9%) of the 303
HPV18-positive women: eight of 60 (13.3 %) with normal cytology
at enrollment, 27 of 82 (32.9%) with ASC-US, 34 of 127 (26.8%)
with LSIL, and 23 of 34 (67.6%) with HSIL. We calculated the
geometric means of cytology-stratified HPV18 DNA load between
women with and without CIN2-3 during the 2-year study period
(Figure 1). In contrast to a trend of increasing HPV18 DNA load
with increasing severity of cervical cytology at enrollment among
women without a diagnosis of CIN2-3 (P, < .001), the viral load
across cytological diagnoses at enrollment was comparable among
those with CIN2-3 (P, = .33). The ratios of geometric means of
HPV18 DNA load at enrollment among women with CIN2-3
relative to those without were 6.06 (95% CI = 0.31 to 117.92) for
those with normal, 0.50 (95% CI = 0.10 to 2.44) with ASC-US,
0.11 (95% CI = 0.03 to 0.46) for those with LSIL, and 0.07 (95%
CI = 0.01 to 0.80) for those with HSIL cytology at enrollment,
respectively. Among women with no evidence of CIN2-3 during
the 2-year follow-up period, HPV18 DNA load at enrollment was
not appreciably associated with a likelihood of becoming HPV18
negative at month 12 or month 24 visit (data not shown).

HPV18 DNA load at enrollment was statistically significantly
lower among women with CIN2-3 than those without CIN2-3
who had either LSIL (P, = .002) or HSIL cytology (P, = -04)

crude
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at enrollment (Table 2). After adjusting for age at enrollment and
coinfection with other high-risk HPV types, the difference
remained statistically significant among women with LSIL at
enrollment (P,,.q = -009). We observed no difference in HPV18
DNA load between women with and without CIN2-3 who had
normal cytology or ASC-US at enrollment. Similar patterns of
HPV18 DNA load were observed when the patient group was
restricted to 53 women with a diagnosis of CIN3. When the analy-
sis was restricted to women without HPV16 coinfection at enroll-
ment, the results did not change considerably, except that the
difference between women with CIN3 and those without CIN2-3
was statistically significant among those with HSIL at enrollment
(P, gusea = -03) and was close to being statistically significant among
those with LSIL at enrollment (P, ;. = -06). When women with a
cytological diagnosis of LSIL and HSIL were grouped, the asso-
ciation of lower HPV18 DNA load with underlying CIN2-3 was
statistically significant overall in women with squamous intraepi-
thelial lesion (SIL) cytology at enrollment (P, . = -02) or in those
without HPV16 coinfection at enrollment (P, = -04). Among
those infected with HPV18 as the only HPV type at enrollment,
the HPV18 DNA load (expressed as the mean log,,-transformed
HPV18 DNA copy number per nanogram of cellular DNA) was
similar between the 10 women with and the 34 women without a
diagnosis of 2-year cumulative CIN2-3 (4.11 vs 3.77, difference =
0.34,95% CI =-0.83 to 1.51; P = .56) who had normal cytology or
ASC-US at enrollment, but the HPV18 DNA load was lower for
the three women with than the 29 women without a diagnosis of
2-year cumulative CIN2-3 (4.39 vs 5.28, difference = —0.89, 95%
CI = -2.58 to 0.81; P = .29) who had SIL at enrollment.

Fifty of 303 (17%) women exited the trial before the scheduled
last visit. The number of women examined at month 6, 12, 18, and
24 follow-up visits was 257, 245, 235, and 253, respectively. SIL was
detected at enrollment in 66% (62 % with LSIL and 4% with HSIL)
of the 50 women who did not complete their last visit and in 50.5%
(38% with LSIL and 13% with HSIL) of the 253 women who did
(P =.05). The rate of 2-year cumulative CIN2-3 was similar among
125 women who did and 17 women who did not complete their last
visit (25% vs 24%, P = .91) who had normal cytology or ASC-US at
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Figure 1. Geometric means (squares) and 95% confidence intervals (Cls;
upper and lower bound) of human papillomavirus (HPV) type 18 DNA
load at enrollment between women with (dashed line) and without
(solid line) cervical intraepithelial neoplasia grades 2-3 (CIN2-3) during
the 2-year study period. Among women without CIN2-3, the geometric
mean of HPV18 E7 copy number per nanogram of cellular DNA was 522
(95% Cl = 172 to 1598) for those with normal cytology, 9309 (95% CI =
4078 to 21 251) for those with atypical squamous cells of undetermined

enrollment but was higher for 128 women who did than for 33 women
who did not complete their last visit (42% vs 9%, difference = 33%,
95% CI =20% to 46%; P < .001) who had SIL at enrollment. Among
those with SIL at enrollment, the HPV18 DNA load (expressed as
the mean value of log,-transformed HPV18 DNA load) was com-
parable between women who completed their last visit and those
who did not (4.24 vs 4.33, P = .75). Additional adjustment for num-
ber of follow-up visits or restricting analysis to women without
CIN2-3 to those who had completed their last visit did not change

6.06 (0.31 to 117.92) 0.50 (0.10 to 2.44) 0.11 (0.03 to 0.46) 0.07 (0.01 to 0.80)

significance (ASC-US), 28 045 (95% Cl = 13 900 to 56 621) for those with
low-grade squamous intraepithelial lesion (LSIL), and 189 409 (95%
Cl =28 976 to 1 238 112) for those with high-grade squamous intraepi-
thelial lesion (HSIL) at enrollment (P,,.4 < .001); the corresponding val-
ues among women with CIN2-3 were 3166 (95% Cl = 741 to 13,5634),
4623 (95% Cl = 1050 to 20 350), 3151 (95% Cl = 881 to 11 277), and 12
891 (95% Cl = 3280 to 50 672), respectively (P,..q < .33). P values (two-
sided) were calculated with a trend test.

the results appreciably (data not shown). HPV18 DNA became
undetectable in seven of 92 CIN2-3 patients at the time concurrent
with and one visit before the one in which the lesion was diagnosed.
Considering that their CIN2-3 lesion might be HPV18 unrelated,
these seven patients were excluded from the analysis. The exclusion
did not appreciably change our findings (data not shown).

The analysis of HPV18 DNA load at enrollment by the timing
of CIN2-3 diagnosis was restricted to women who were enrolled
in the immediate colposcopy or HPV triage arm. CIN2-3 was

Table 2. HPV18 DNA load at enrollment of women with and without CIN2-3 during the 2-year study period: results stratified by cervical

cytology at enroliment*

Women without CIN2-3

Women with CIN2-3

Women with CIN3

Cytology at enrollment No. Mean load (tSD) No. Mean load (£SD) P, . P.usca No. Meanload (xSD) P,  Pugustea
All women
Overall 211 3.94 (£1.70) 92 3.70 (£1.57) .08 21 53 3.69 (1.35) .10 24
Within normal limits 52 2.72 (£1.78) 8 3.50 (+0.91) 18 .26 3 3.23 (0.44) .56 .58
ASC-US 55 3.97 (+1.36) 27 3.66 (x1.71) 40 47 14 3.58 (1.78) .39 .53
LSIL 93 4.45 (£1.50) 34 3.50 (£1.65) .002 .009 19 3.66 (1.36) .04 .06
HSIL 11 5.28 (+1.38) 23 4.11 (£1.45) .04 18 17 3.90 (1.07) .02 A1
Women without HPV16
coinfection
Overall 190 4.03 (£1.65) 63 3.82 (£1.54) .23 .29 31 3.74 (1.21) 24 .28
Within normal limits 45 2.96 (+1.64) 7 3.61 (x0.92) .29 40 2 3.48 (0.06) .63 72
ASC-US 52 3.95 (+£1.39) 19 3.95 (£1.61) 1.00 .93 7 4.33 (1.34) .53 .56
LSIL 82 4.49 (+1.54) 25 3.53 (+1.65) .006 .01 14 3.63 (1.43) .05 .06
HSIL 1 5.28 (+1.38) 12 4.33 (+1.45) 14 27 8 3.50 (0.72) .01 .03

HPV18 DNA load was expressed as log,, (HPV18 E7 copies per nanogram of cellular DNA). Data were adjusted for age at enrollment and coinfection with other

high-risk HPV types (ie, HPV16, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 for all women and HPV31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 for those with-
out coinfection with HPV16). CIN = cervical intraepithelial neoplasia; SD = standard deviation; ASC-US = atypical squamous cells of undetermined significance;
LSIL = low-grade squamous intraepithelial lesion; HSIL = high-grade squamous intraepithelial lesion; HPV = human papillomavirus. P values (two-sided) were

calculated using linear regression analyses.
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Table 3. HPV18 DNA load at enroliment between patients who were initially diagnosed with CIN2-3 at enrollment and those diagnosed
during follow-up who were enrolled in the immediate colposcopy or HPV triage arm*

Women without CIN2-3

Women with entry CIN2-3

Women with follow-up
CIN2-3

Cytology at enrollment No. Mean load (+SD) No. Mean load (+SD) No. Mean load (+SD) Pt Pt
All women
Overall 125 3.95 (+1.80) 46 3.59 (+1.66) 17 3.89 (+1.09) .53 .30
Within normal limits 33 2.66 (+1.82) 2 3.51 (+0.95) 5 351 (x1.11) 1.00 24
ASC-US 33 4.06 (£1.64) 16 3.61 (x2.01) 5 4.38 (£1.27) A4 .58
LSIL 51 4.57 (1.50) 18 3.41 (+1.61) 6 3.89 (+1.05) 73 .003
HSIL 8 5.17 (£1.42) 10 3.91 (£1.38) 1 3.34 — —
Women without HPV16
coinfection
Overall 110 4.01 (£1.77) 32 3.78 (£1.58) 14 4.00 (£1.15) 71 .58
Within normal limits 29 2.88 (£1.69) 2 3.51 (+0.95) 4 3.70 (£1.18) .86 .30
ASC-US 30 4.04 (£1.72) M1 3.91 (£1.90) 5 4.38 (+1.27) .62 .99
LSIL 43 4.53 (£1.55) 12 3.57 (+1.45) 5 3.87 (x1.17) .86 .02
HSIL 8 5.17 (£1.42) 7 4.01 (£1.63) 0 — — —

* HPV18 DNA load was expressed as log,, (HPV18 E7 copies per nanogram of cellular DNA). A category of LSIL was combined with HSIL for statistical testing.
CIN2-3 = cervical intraepithelial neoplasia grades 2-3; SD = standard deviation; ASC-US = atypical squamous cells of undetermined significance; LSIL = low-
grade squamous intraepithelial lesion; HSIL = high-grade squamous intraepithelial lesion; — = values missing because they were not available or not applicable;

HPV = human papillomavirus.

t Comparison of HPV18 DNA load at enrollment between CIN2-3 patients who were initially diagnosed at enrollment and those diagnosed during follow-up.

P values (two-sided) were calculated using a Student t test.

¥ Comparison of HPV18 DNA load at enrollment between women with and without CIN2-3 during the 2-year study period. P values (two-sided) were calculated

using a Student t test.

histologically confirmed in 63 of 188 (33.5%) women during the
2-year study period. Because few women were diagnosed with
CIN2-3 during follow-up and the patterns of HPV18 DNA load
by histopathology were similar among women with LSIL and
HSIL cytology at enrollment, these patient groups were combined
(SIL) for statistical analysis. HPV18 DNA load was similar among
CIN2-3 patients who were diagnosed at enrollment and during
follow-up, regardless of cytology results at enrollment (Table 3).
The results remained similar when the analysis was restricted to
CIN3 patients (data not shown). In this subset of women, HPV18
DNA load at enrollment continued to be lower in those with
CIN2-3 than without CIN2-3 who had SIL cytology at enroll-
ment (P = .003 for all women; P = .02 for those without HPV16
coinfection).

We further examined the associations of HPV18 DNA load at
enrollment with concurrent or subsequent diagnoses of CIN2-3
among women who were enrolled in the immediate colposcopy
or HPV triage arm. The risk ratio of having a CIN2-3 diagnosis
at enrollment per 1-unit increase in log,-transformed HPV18
DNA load was 0.79 (95% CI = 0.68 to 0.92) for women with SIL
cytology at enrollment (Table 4). For the evaluation of risk for
progression to CIN2-3, we excluded 46 women who had CIN2-3
at enrollment and eight women who did not complete a fol-
low-up visit, leaving 134 in the analysis. The inverse association
between HPV18 DNA load at enrollment and risk of CIN2-3
that was diagnosed during follow-up for women with SIL cytol-
ogy at enrollment was marginally statistically significant (per
1-unit increase in log-transformed HPV18 DNA load, HR =
0.48, 95% CI = 0.21 to 1.06). Among women who had normal
cytology or ASC-US at enrollment, neither concurrent nor
subsequent risk of CIN2-3 was associated with HPV18 DNA
load at enrollment. The associations remained similar when the
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analysis was restricted to women without HPV16 coinfection at
enrollment.

Discussion

We found that among ALTS participants with HPV18 infection at
enrollment, viral load was associated with the severity of concur-
rent cervical cytology, a result that is consistent with previous
reports (21,22,34). Because the measurement of HPV18 DNA
load was performed without knowledge of any clinical or epide-
miological information and the diagnosis of cervical disease was
provided by a panel of expert pathologists, potential biases in
ascertainments of HPV18 DNA load and cervical lesion were
minimized. The association of HPV18 DNA load with abnormal
cervical cytology was not surprising. As shown in a study of women
with CIN3 (35), HPV DNA load was closely associated with the
number of ASC-US and LSIL cells present in exfoliative cervical
samples. This study further demonstrates that the associations
between HPV18 DNA load and cytological abnormalities differ by
underlying histopathology: In contrast to a statistically significant
stepwise increase in HPV18 DNA load at enrollment with increas-
ing severity of cervical cytology among women without CIN2-3,
the viral load was relatively constant across cytological diagnoses
among those with CIN2-3.

The most striking finding of this study was that among women
with LSIL or HSIL cytology at enrollment, HPV18 DNA load
was statistically significantly lower in those with than those without
a diagnosis of CIN2-3 during the 2-year follow-up period. This
difference was not explained by age at enrollment or coinfection
with HPV16 or other high-risk HPV types. It was not explained by
incomplete outcome ascertainment or by misclassification of non—
HPV18-relevant to HPV18-relevant CIN2-3 because the results
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Table 4. Association of per 1-unit increase in log,,-transformed HPV18 DNA load at enroliment with risk of concurrent or subsequent
diagnoses of CIN2-3 among women who were enrolled in the immediate colposcopy or HPV triage arm*

No. with CIN2-3 at enrollment/

Cytology at enrollment No. of subjects

No. with follow-up CIN2-3/

RR (95% CI) person-years at risk HR (95% CI)

All women
Within normal limits or ASC-US 18/94
LSIL or HSIL 28/94
Women without HPV16 coinfection
Within normal limits or ASC-US 13/81
LSIL or HSIL 19/75

1.04 (0.82 to 1.32) 10/163.4 1.10 (0.74 to 1.64)
0.79 (0.68 to 0.92) 7/114.9 0.48 (0.21 to 1.06)
1.09 (0.81 to 1.48) 9/138.4 1.16 (0.75 to 1.78)
0.80 (0.65 to 0.99) 5/98.2 0.53 (0.22 to 1.23)

* CIN2-3 = cervical intraepithelial neoplasia grades 2-3; RR = risk ratio (a ratio of the probability of having CIN2-3 at enrollment associated with per 1-unit increase
in log,-transformed HPV18 DNA load); Cl = confidence interval; HR = hazard ratio; ASC-US = atypical squamous cells of undetermined significance;
LSIL = low-grade squamous intraepithelial lesion; HSIL = high-grade squamous intraepithelial lesion; HPV = human papillomavirus.

remained similar when the analysis was performed with additional
adjustment for number of follow-up visits, was restricted to women
without CIN2-3 who had completed the scheduled last visit, or
was restricted to CIN2-3 patients who continued to be HPV18
positive at the time concurrent with or one visit before the one in
which CIN2-3 was diagnosed. We noticed that among those with
SIL cytology at enrollment, the rate of CIN2-3 diagnosis during
the 2-year follow-up period was higher for women who completed
the last visit than for those who did not. If a high viral load had
been related to missing diagnoses of CIN2-3, the association of
CIN2-3 with lower HPV18 DNA load among women with SIL
cytology at enrollment would have been biased. Arguing against
the possibility of higher viral load being associated with missing
diagnoses of CIN2-3 is the fact that the overall HPV18 DNA load
was similar between women with and without completion of their
last visit who had SIL cytology at enrollment.

A possible interpretation of our findings is that we observed
fluctuations of HPV18 DNA load that were based on the natural
course of infection and the cervical location of HPV18-related
neoplasia. The group of women with normal enrollment cytology
and no evidence of CIN2-3 during follow-up might have had a
lower average level of HPV18 DNA than the other groups of
women because their cervical infections might have been resolving
or might have been from a noncervical transformation zone site
(eg, the vaginal wall). The group of women with SIL cytology at
enrollment and no CIN2-3 during follow-up had a higher average
level of HPV18 DNA than all other groups of women because they
might have been more likely to have had acute and productive
HPV18 infection. Finally, the group of women with CIN2-3
(regardless of enrollment cytology) had an average level of HPV18
DNA that was lower than that for those with SIL cytology and no
histological evidence of CIN2-3. This lower level of HPV18 DNA
might have occurred because HPV18-related precancerous lesions
and cancers tend to develop in columnar epithelial cells that can be
difficult to sample with swabs, brushes, brooms, or spatulas. Such
cells, which are often glandular in origin, are found in the endocer-
vical canal and the clefts and crypts of the transformation zone. As
shown in previous studies (36-39), the frequency of positive detec-
tion is usually higher for HPV18 than for HPV16 in adenocarci-
noma in situ of the cervix, which is histologically characterized by
epitheliomatous transformation of endocervical glands.

Another possible interpretation for the lower average HPV18
DNA load in the group of women with CIN2-3 than the group
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with cytological evidence of a lesion that was not confirmed as
CIN2-3 is that factors associated with underlying CIN2-3, such as
cell type—related and integration-related reduction in viral replica-
tion, might somewhat limit the ability of the virus to replicate.
Unlike the multilayers of squamous epithelial cells where the HPV
lifecycle is closely linked to epithelial differentiation (from basal
layers up to superficial layers), the columnar epithelial cells have
only a single layer. The HPV lifecycle in the single layer of epithe-
lium is virtually unknown. If the virus is less capable of productive
replication in the columnar epithelial cells and HPV18 preferen-
tially induces neoplastic transformation of these cells, our observa-
tion might be somewhat explained by the behavior of the virus in
these cells. Integration of viral DNA into the host genome occurs
preferentially with disruption of the coding sequence for the
E2 protein. The E2 protein behaves not only as a transcriptional
regulator to modulate viral transcription (40-45) but also as an
activator of viral DNA replication by interacting cooperatively
with the viral helicase E1 at the origin of replication (46,47). Thus,
although an integration-induced disruption of the E2 gene plays a
role in the development of precancerous lesion, it may lead to a
decrease in replication of viral DNA. However, the published data
(48-50) usually suggest that most cases of HPV18-positive CIN2-3
do not have a detectable integration of viral DNA, although a high
frequency of integration in women with CIN3 or carcinoma in situ
was also reported (51,52). Whether the comparable HPV18 DNA
load across cytological diagnoses at enrollment among women
with underlying CIN2-3 is a result of the balance between the
abnormal cytology-related increase in viral load and the integra-
tion-related loss of viral DNA replication deserves further
investigation.

The finding that women who were diagnosed with CIN2-3 at
enrollment and those diagnosed during the 2-year follow-up had
similar HPV18 DNA load at enrollment further suggests that sup-
pression of viral DNA replication (either due to HPV18 infection
of progenitor glandular cells that are difficult to sample and weakly
permissive for viral replication or to increased integration) might
explain the lower than expected risk of CIN2-3 than cervical can-
cer associated with detectable HPV18 infection (3). This clinical
phenomenon has been poorly understood so far.

In our previous study of ALTS participants with HPV16 infec-
tion at enrollment, we found that HPV16 DNA levels were higher
in women with CIN2-3 than those without CIN2-3 (53), suggest-
ing that the pattern of viral load by histopathology is related to
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HPV type. Although the underlying mechanism for this difference
in HPV16 and HPV18 DNA levels and detection of CIN2-3 is not
clear, it does suggest that extensive examination of precancerous
and benign lesions for DNA levels of all high-risk HPV types must
be undertaken before the clinical usefulness of measuring HPV
level can be determined.

Several limitations of this study should be addressed. First,
women who were eligible for participation in ALTS were required
to have a Pap smear showing ASC-US or LSIL within 6 months of
screening. Thus, a cytological interpretation of within normal
limits, ASC-US or LSIL, and HSIL at enrollment when the viral
load was measured can also be viewed as cytological regression,
persistent mild abnormality, and cytological progression, respec-
tively. Also, due to intensive procedures for follow-up and clinical
examination implemented in AL'TS, the lesions identified in this
study were expected to be smaller than those seen in the general
population. Therefore, HPV18 DNA load detected in a particular
cytological category or among CIN2-3 patients may not be gener-
alizable to that present in the general population. However, this
lack of generalizability does not affect the validity of relative com-
parisons of cytology-stratified HPV18 DNA load between women
with and without underlying CIN2-3. Second, HPV18 DNA load
was assessed on enrollment samples from women with prevalent
HPV18 infection. The viral load may naturally fluctuate during
the course of the infection. Although the analysis of consecutive
samples may provide additional insights into the dynamics of
HPV18 DNA load, the comparison of groups at the same time
point is still valid. Third, the cervical samples that were used for
this study tested HPV18 positive by PCR-based reverse-line blot
assay. Thus, we were not measuring very low viral loads that would
be missed by this assay. Exclusion of these infections may lead to
overestimates of the mean value of viral load. However, this over-
estimation is likely to occur in each group of women and therefore
does not affect the validity of relative comparisons. Finally,
approximately 17% of women who tested HPV18 positive with-
drew from the trial before the scheduled last visit. Biases could
have been introduced had a loss to follow-up been differentially
related to HPV18 DNA load. However, there was no appreciable
difference in HPV18 DNA load between women who comple-
ted the last visit and those who did not, and additional adjustment
for number of follow-up visits did not change the estimates
appreciably.

In summary, our data indicated that HPV18 DNA levels were
highest among women with evidence of a benign squamous intra-
epithelial lesion, intermediate among those with CIN2-3, and
lowest among those with normal cytological findings. Thus, test-
ing for high levels of HPV18 DNA does not appear to be clinically
useful. Further studies to examine possible mechanisms involving
lower HPV18 DNA levels in women with CIN2-3 than those with
benign squamous intraepithelial lesions are of interest.
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