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Cervical cancer screening is transitioning from Pap cytology to primary 
human HPV testing. Are we ready? These experts review evidence  
for the change, triage options for a positive HPV result, and innovations  
to improve access.

Cervical cancer is an important global 
health problem with an estimated 
604,127 new cases and 341,831 

deaths in 2020.1 Nearly 85% of the disease 
burden affects individuals from low and 
middle-income countries. The World Health 
Organization (WHO) set forth the goal for 
all countries to reach and maintain an inci-
dence rate of below 4 per 100,000 women by 
2030 as part of the Global Strategy to Acceler-
ate the Elimination of Cervical Cancer.

Although traditional Pap cytology has 
been the cornerstone of screening programs, 
its poor sensitivity of approximately 50% and 
limitations in accessibility require new strat-
egies to achieve the elimination of cervical 
cancer.2 The discovery that persistent infection 
with oncogenic human papillomavirus (HPV) 
is an essential step in the development of cer-
vical cancer led to the development of diag-
nostic HPV tests, which have higher sensitivity 
than cytology (96.1% vs 53.0%) but somewhat 
lower specificity (90.7% vs 96.3%) for the detec-
tion of cervical intraepithelial neoplasia (CIN) 
2 or worse lesions.2 Initially, HPV testing was 
incorporated as a method to triage atypical 
squamous cells of undetermined significance 
(ASCUS) cytology results.3 Later, the concept of 
cotesting with cytology emerged,4,5 and since 
then, several clinical trials have demonstrated 
the effectiveness of primary HPV screening.6-9

In 2020, the WHO recommended 
HPV DNA testing as the primary screening 

method starting at the age of 30 years, with 
regular testing every 5 to 10 years, for the 
general population.10 Currently, primary 
HPV has been adopted in multiple countries, 
including Australia, the Netherlands, Turkey, 
England, and Argentina.

In the United States, there are 3 currently 
acceptable screening strategies: cytology, 
cytology plus HPV (cotesting), and primary 
HPV testing (TABLE). The American Cancer 
Society (ACS) specifically states that HPV test-
ing alone every 5 years is preferred starting at 
age 25 years; cotesting every 5 years or cytology 
alone every 3 years are also acceptable.11 The 
US Preventive Services Task Force (USPSTF) 
states that cytology alone every 3 years start-
ing at 21 years and then HPV testing alone or 
cotesting every 5 years or cytology every 3 years 
starting at age 30 are all acceptable strategies.12

When applying these guidelines, it is 
important to note that they are intended for 
the screening of patients with all prior nor-
mal results with no symptoms. These routine 
screening guidelines do not apply to special 
populations, such as those with a history of 
abnormal results or treatment, a  history of 
immunosuppression,13 a history of HPV-
related vulvar or vaginal dysplasia,14-16 or a 
history of hysterectomy with removal of the 
cervix and no prior history of cervical dys-
plasia.17,18 By contrast, surveillance is interval 
testing for those who have either an abnor-
mal prior test result or treatment; these may 
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be managed per risk-based estimates pro-
vided by the American Society for Colpos-
copy and Cervical Pathology (ASCCP).18,19 
Finally, diagnosis is evaluation (which may 
include diagnostic cytology) of a patient with 
abnormal signs and/or symptoms (such as 

bleeding, pain, discharge, or cervical mass).
In this Update, we present the evidence 

for primary HPV testing, the management 
options for a positive result in the United 
States, and research that will improve uptake 
of primary HPV testing as well as accessibility.

Change in screening paradigm:  
Evidence for primary HPV testing

HPV DNA tests are multiplex assays 
that detect the DNA of targeted 
high-risk HPV types, using multiple 

probes, either by direct genomic detection 
or by amplification of a viral DNA fragment 
using polymerase chain reaction (PCR).20,21 
Alternatively, HPV mRNA-based tests detect 
the expression of E6 and E7 oncoproteins, a 
marker of viral integration.20 In examining 
the data from well-conducted clinical trials, 
2 important observations are that different 
HPV assays were used and that direct com-
parison may not be valid. In addition, not all 
tests used in the studies are approved by the 
US Food and Drug Administration (FDA) for 
primary HPV testing.

FDA-approved HPV tests
Currently, 2 tests are FDA approved for pri-
mary HPV screening. The Cobas HPV test 
(Roche Molecular Diagnostics) was the first 
FDA-approved test for primary HPV screen-
ing in women aged 25 years and older.6 This 
test reports pooled results from 12 high-risk 
(hr) HPV types (31/33/35/39/45/51/52/56/58 
/59/66/68) with reflex genotyping for HPV 
16/18, and thus it provides an immediate tri-
age option for HPV-positive women. Of note, 
it is also approved for cotesting. The second 
FDA-approved test is the BD Onclarity HPV 
assay (Becton, Dickinson and Company) for 
primary HPV screening.22 It detects 14 hrHPV 
types, types 16/18/45 specifically as well as 

TABLE  Summary of screening recommendations
US Preventive Services Task Force (USPSTF), 201812 American Cancer Society (ACS), 202011

Age to start screening, 
years

21 25

Age to end screening, 
years

65 65

Screening test options 
and intervals

Ages 21–65: Cytology alone every 3 years

or

Ages 21–29: Cytology alone every 3 years

Ages 30–65: cotesting every 5 years

or

Ages 21–29: Cytology alone every 3 years

Ages 30–65: HPV testing alone every 5 years

HPV testing alone every 5 years

or

cotesting every 5 years

or

Cytology alone every 3 years

Abbreviation: HPV, human papillomavirus.
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types 31/33/35/39/51/52/56/58/59/66/68.
Other HPV tests are FDA approved for 

cotesting and reflex testing but not for pri-
mary HPV testing. The Hybrid Capture test, 
or HC2 (Qiagen Inc), was the first HPV test 
to be approved by the FDA in 1997 for reflex 
testing of women with ASCUS cytology. In 
2003, it was approved for cotesting along 
with cytology in women aged 30 years and 
older.20,21 In 2009, the Cervista HPV HR test 
(Hologic Inc) was approved for cotesting. The 
Aptima HPV assay (Hologic Inc), which is 
also approved for cotesting, is an RNA-based 
assay that allows detection of E6/E7 mRNA 
transcripts of 14 HPV types.23

Comparing HPV testing  
with cytology
Ronco and colleagues pooled data from 
4 European randomized controlled trials 
(RCTs)—Swedescreen, POBASCAM, NTCC, 
ARTISTIC—with a total of 176,464 partici-
pants randomly assigned to HPV or cytology 
screening.24 Swedescreen and POBASCAM 
used GP5/GP6 PCR, while ARTISTIC and 
NTCC used HC2 for primary HPV screening. 
The screening interval was 3 years in all except 
5 years in POBASCAM. The pooled detection 
rate of invasive disease was similar in the 2 
arms, with pooled rate ratio for cancer detec-
tion being 0.79 (95% confidence interval [CI], 
0.46–1.36) in the first 2.5 years, but was 0.45 
(95% CI, 0.25–0.81), favoring the HPV arm, 
after 2.5 years. HPV testing was more effec-
tive in preventing cases of adenocarcinoma 
than squamous cell carcinoma (0.31 [95% CI, 
0.14–0.69] vs 0.78 [95% CI, 0.49–1.25]). The 
authors concluded that HPV-based screen-
ing from age 30 years provided 60% to 70% 
better protection than cytology.

The result of the above meta-analysis 
was confirmed by the HPV FOCAL RCT that 
investigated the efficacy of HPV testing (HC2) 
in comparison with cytology.25 The detection 
rates for CIN 3 lesions supported primary HPV 
screening, with an absolute difference in inci-
dence rate of 2.67/1,000 (95% CI, 0.53–4.88) at 
study randomization and 3.22/1,000 (95% CI, 
5.12–1.48) at study exit 4 years later.

Cotesting using HPV and 
cytology: Marginal benefit
Dillner and colleagues were one of the first 
groups to report on the risk of CIN 3 based on 
both HPV and cytology status.26 Using pooled 
analysis of data from multiple countries, 
these investigators reported that the cumu-
lative incidence rates (CIR) of CIN 3 after 6 
years of follow-up increased consistently in 
HPV-positive subjects, and an HPV-positive 
result more accurately predicted CIN 3+ at 
5 years than cytology alone. Furthermore, 
HPV negativity provided greater reassurance 
than cytology alone. At 5 years of follow-up, 
the rates of CIN 3+ were 0.25% (0.12%–0.41%) 
for women negative for HPV compared with 
0.83% (0.50%–1.13%) for women with nega-
tive cytology results. There was little differ-
ence in rates for CIN 3+ between women with 
negative results on both tests and women 
who were negative for HPV.

The important question is then the mar-
ginal benefit of cotesting, which is the most 
costly screening option. A study of 331,818 
women enrolled for cotesting at Kaiser Per-
manente found that the risk of CIN 3+ pre-
dicted by HPV testing alone when compared 
with cytology was significantly higher at both 
3 years (5.0% vs 3.8%; P = .046) and 5 years 
(7.6% vs 4.7%; P = .001).27 A negative cytology 
result did not decrease the risk of CIN 3 further 
for HPV-negative patients (3 years: 0.047% 
vs 0.063%, P = .6; 5 years: 0.16% vs 0.17%,  
P = .8). They concluded that a negative HPV 
test was enough reassurance for low risk of 
CIN 3+ and that an additional negative cytol-
ogy result does not provide extra reassurance.

Furthermore, a systematic meta-analysis 
of 48 studies, including 8 RCTs, found that 
the addition of cytology to HPV testing raised 
the sensitivity by 2% for CIN 3 compared with 
HPV testing alone. This improvement in sen-
sitivity was at the expense of considerable loss 
of specificity, with a ratio of 0.93 (95% CI, 0.92–
0.95) for CIN 3.28 Schiffman and colleagues 
also assessed the relative contribution of HPV 
testing and cytology in detection of CIN 3 and 
cancer.29 The HPV component alone identi-
fied a significantly higher proportion of pre-
invasive and invasive disease than cytology. 
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Triage of a positive HPV result

A n important limitation of HPV test-
ing is its inability to discriminate 
between transient and persistent 

infections. Referral of all HPV-positive cases 
to colposcopy would overburden the system 
with associated unnecessary procedures. 
Hence, a triage strategy is essential to iden-
tify clinically important infections that truly 
require colposcopic evaluation. The FIGURE 
illustrates the management of a primary HPV 
test result performed for screening. 

HPV genotyping
One strategy for triaging a positive HPV test 
result is genotyping. HPV 16 and 18 have the 
highest risk of persistence and progression 
and merit immediate referral to colposcopy. 
In the ATHENA trial, CIN 3 was identified 
in 17.8% (95% CI, 14.8–20.7%) of HPV 16 
positive women at baseline, and the CIR 
increased to 25.2% (95% CI, 21.7–28.7%) after 
3 years. The 3-year CIR of CIN 3 was only 
5.4% (95% CI, 4.5–6.3%) in women with HPV 

Only 3.5% of precancers and 5.9% of cancers 
were preceded by HPV-negative, cytology-
positive results. Thus, cytology contributed 
only 5 cases per million women per year to 

the sensitivity of the combined test, at the cost 
of significantly more colposcopies. Hence, the 
evidence suggests that there is limited benefit 
of adding cytology to HPV testing.30

FIGURE  Management after primary HPV testing performed for screening18,42

This flow diagram is adapted from the interim clinical guidance of the use of primary HPV testing for cervical cancer screening42 and 
the risk-based management guidelines from ASCCP.18

HPV negative

Follow-up  
in 5 years

Primary FDA-approved HPV test  
HPV 16, HPV 18, 12 other hrHPV types

HSIL

Colposcopy 
and/or LEEP

HPV 16/18 negative, 
12 other hrHPV positive

Reflex cytology

Not HSIL  
or NILM

Colposcopy

Management  
per ASCCP

NILM

Follow-up  
in 12 months

HPV 16+ or HPV 18+

Colposcopy and reflex cytology

HSIL

LEEP

<HSIL

Abbreviations: ASCCP, American Society for Colposcopy and Cervical Pathology; FDA, Food and Drug Administration; hrHPV, high-risk human papillomavirus; HPV, 
human papillomavirus; HSIL, high-grade intraepithelial lesion; LEEP, loop electrosurgical excision procedure; NILM, negative for intraepithelial lesion or malignancy.
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genotypes other than 16/18. HPV 18–posi-
tive women had a 3-year CIR that was inter-
mediate between women with HPV 16 and 
women with the 12 other genotypes.6 Hence, 
HPV 16/18–positive cases should be referred 
for immediate colposcopy, and negative 
cases should be followed up with cytology 
and referred for colposcopy if the cytology is 
ASCUS or worse.31

In July 2020, extended genotyping was 
approved by the FDA with individual detec-
tion of HPV 31, 51, 52 (in addition to 16, 
18, and 45) and pooled detection of 33/58, 
35/39/68, and 56/59/66. One study found 
that individual genotypes HPV 16 and 31 
carry baseline risk values for CIN 3+ (8.1% 
and 7.5%, respectively) that are above the 
5-year risk threshold for referral to colpos-
copy following the ASCCP risk-based man-
agement guideline.32

Cytology
The higher specificity of cytology makes it an 
option for triaging HPV-positive cases, and 
current management guidelines recommend 
triage to both genotyping and cytology for all 
patients who are HPV positive, and especially 
if they are HPV positive but HPV 16/18 nega-
tive. Of note, cytology results remain more 
subjective than those of primary HPV test-
ing, but the combination of initial HPV test-
ing with reflex to cytology is a reasonable and 
cost effective next step.18 The VASCAR trial 
found higher colposcopy referrals in the HPV 
screening and cytology triage group com-
pared with the cytology alone group (19.36 vs 
14.54 per 1,000 women).33 The ATHENA trial 
investigated various triage strategies for HPV-
positive cases and its impact on colposcopy 
referrals.6 Using HPV genotyping and reflex 
cytology, if HPV 16/18 was positive, colpos-
copy was advised, but if any of the other  
12 HPV types were positive, reflex cytology 
was done. If reported as ASCUS or worse, 
colposcopy was performed; conversely, if it 
was normal, women were rescreened with 
cotesting after 1 year. Although this strategy 
led to a reduction in the number of colposco-
pies, referrals were still higher in the primary 

HPV arm (3,769 colposcopies per 294 cases) 
compared with cytology (1,934 colposcopies 
per 179 cases) or cotesting (3,097 colposco-
pies per 240 cases) in women aged 25 years.14

p16/Ki-67 Dual-Stain
Diffused p16 immunohistochemical stain-
ing, as opposed to focal staining, is associ-
ated with active HPV infection but can be 
present in low-grade as well as high-grade 
lesions.34 Ki-67 is a marker of cellular pro-
liferation. Coexpression of p16 and Ki-67 
indicates a loss of cell cycle regulation and 
is a hallmark of neoplastic transformation. 
When positive, these tests are supportive 
of active HPV infection and of a high-grade 
lesion. Incorporation of these stains to cytol-
ogy alone provides additional objective reas-
surance to cytology, where there is much 
inter- and intra-observer variability. These 
stains can be done by laboratories using 
the stains alone or they can use the FDA-
approved p16/Ki-67 Dual-Stain immuno-
histochemistry (DS), CINtec PLUS Cytology 
(Roche Diagnostics). However, DS is not yet 
formally incorporated into triage algorithms 
by national guidelines.

The IMPACT trial assessed the perfor-
mance of DS compared with cytology in the 
triage of HPV-positive results, with or without 
HPV 16/18 genotyping.35 This was a prospec-
tive observational screening study of 35,263 
women aged 25 to 65 years across 32 sites in 
the United States. Of the 4,927 HPV-positive 
patients with DS results, the sensitivity of DS 
for CIN 3+ was 91.9% (95% CI, 86.1%–95.4%) 
and 86.0% (95% CI, 77.5%–91.6%) in HPV 
16/18–positive and in the 12 other genotypes, 
respectively. Using DS alone to triage HPV-
positive results showed significantly higher 
sensitivity and specificity than HPV 16/18 
genotyping with cytology triage of 12 “other” 
genotypes, and substantially higher sensitiv-
ity but lower specificity than using cytology 
alone. Of note, triage with DS alone would 
have referred significantly fewer women to 
colposcopy than HPV 16/18 genotyping with 
cytology triage for the 12 other genotypes 
(48.6% vs 56.0%; P< .0001).
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Challenges and opportunities  
to improve access to primary  
HPV screening

The historical success of the Pap test 
in reducing the incidence of cervi-
cal cancer relied on individuals hav-

ing access to the test. This remains true as 
screening transitions to primary HPV testing. 
Limitations of HPV-based screening include 
provider and patient knowledge; access to 
tests; cost; need for new laboratory infra-
structure; need to leverage the electronic 
health record to record results, calculate a 
patient’s risk and determine next steps; and 
the need to re-educate patients and pro-
viders about this new model of care. The 
American Cancer Society and the Centers 
for Disease Control and Prevention are cur-
rently leading initiatives to help adopt pri-
mary HPV screening in the United States and 
to facilitate new care approaches.

Self-collection and independence from 
subjective cytology would further improve 
access. Multiple effectiveness studies and 
patient acceptability studies have shown that 
primary HPV screening via self-collection 
is effective, cost effective, and acceptable to 
women, especially among underscreened 
populations.38 Sensitivity is comparable to 
clinician-obtained samples with polymerase 
chain reaction–based HPV tests. Further-
more, newer molecular tests that detect 
methylated target host genes or methylated 
viral genome can be used to triage HPV-pos-

itive cases. Several host methylation mark-
ers that identify the specific host genes (for 
example, CADM1, MAL, and miR-124-2) 
have been shown to be more specific, repro-
ducible, and can be used in self-collected 
samples as they are based on molecular 
methylation analysis.39 The ASCCP monitors 
these new developments and will incorpo-
rate promising tests and approaches once 
validated and FDA approved into the risk-
based management guidelines. An erratum 
was recently published, and the risk-calcu-
lator is also available on the ASCCP website 
free of charge (https://app.asccp.org).40

In conclusion, transition to primary 
HPV testing from Pap cytology in cervical 
cancer screening has many challenges but 
also opportunities. Learning from the experi-
ence of countries that have already adopted 
primary HPV testing is crucial to successful 
implementation of this new screening para-
digm.41 The evidence supporting primary 
HPV screening with its improved sensitivity 
is clear, and the existing triage options and 
innovations will continue to improve triage 
of patients with clinically important lesions as 
well as accessibility. With strong advocacy and 
sound implementation, the WHO goal of cer-
vical cancer elimination and 70% of women 
being screened with a high-performance test 
by age 35 and again by age 45 is achievable. ●

Similarly, a retrospective analysis of the 
ATHENA trial cohort of HPV-positive results 
of 7,727 patients aged 25 years or older also 
demonstrated increased sensitivity of DS 
compared with cytology (74.9% vs 51.9%; 
P<.0001) and similar specificities (74.1% vs 
75%; P = .3198).36 The European PALMS study, 

which included 27,349 women aged 18 years 
or older across 5 countries who underwent 
routine screening with HPV testing, cytology, 
and DS, confirmed these findings.37 The sen-
sitivity of DS was higher than that of cytology 
(86.7% vs 68.5%; P<.001) for CIN 3+ with com-
parable specificities (95.2% vs 95.4%; P = .15).
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