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Abstract: A formidable threat to the health of women, cervical carcinoma can be 

prevented in many cases with adequate screening. The current guidelines for cervical 

carcinoma screening were created as joint recommendations of the American Cancer 

Society (ACS), the American Society for Colposcopy and Cervical Pathology (ASCCP) 

and the American Society for Clinical Pathology (ASCP) in 2012, and later accepted and 

promoted by the American Congress of Obstetricians and Gynecologists (ACOG). The 2012 

recommendations underscore the utility of molecular testing as an adjunct to cytology 

screening for certain women and provide guidance to clinicians based on different  

risk-benefit considerations for different ages. This manuscript will review screening 

techniques and current recommendations for cervical cancer screening and human papilloma 

virus (HPV) testing, as well as possible future screening strategies. 
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1. Introduction 

Routine screening of cervical cytology with the Papanicolaou (Pap) smear has been deeply 

ingrained in clinical practice for the past century. Originating in the 1940s and recognized as the 

standard of gynecologic care by the 1960s, annual cervical cytology screening has been an integral part 

of the well-woman exam for decades [1]. Over the last 30 years, routine cervical cytology screening 

has contributed to a 50% reduction in the incidence of cervical cancer in the United States [2]. 
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Mortality from cervical cancer has also decreased from 5.55 per 100,000 women in 1975 to 2.38 per 

100,000 women in 2008 [2]. 

The development of cervical cancer is strongly associated with previous infection with the human 

papilloma virus (HPV) and cervical cancer represents 53.4% of the total number of HPV-associated 

cancers in women [3]. According to Tota et al., high-risk HPV is a necessary but not sufficient 

condition for the development of almost all cases of cervical cancer [4]. Therefore, cervical cancer 

prevention is closely tied to the prevention of HPV transmission and recognition of patients who are 

infected with HPV and therefore at higher risk for developing cervical cancer. Currently, two vaccines 

against carcinogenic strains of HPV are commercially available for patients. 

Data suggest that more than half of cervical cancer cases could be prevented through adequate 

screening. Fifty percent of women diagnosed with cervical cancer have never undergone cervical cytology 

testing and another 10% have not received screening in the five years preceding their diagnosis [2]. 

Furthermore, cervical cancer is very rare among screened women (less than 10 per 100,000 annually) [5]. 

The current guidelines for cervical carcinoma screening were created as joint recommendations of the 

American Cancer Society (ACS), the American Society for Colposcopy and Cervical Pathology (ASCCP) 

and the American Society for Clinical Pathology (ASCP) in 2012, which were accepted and promoted 

by the American Congress of Obstetricians and Gynecologists (ACOG) later that same year [2,6].  

These guidelines mirror those of the U.S. Preventative Task Force, published at the same time as the 

joint recommendations [7]. Cervical carcinoma screening should begin at 21 years of age, regardless of 

age of coitarche or vaccination status, with cervical cytology testing exclusively until age 30. For 

women 30 to 65 years of age, co-testing with cytology and HPV testing every five years is the 

preferred method of screening, although cytology screening every three years is acceptable. Screening 

should be discontinued for women over the age of 65 without a history of cervical intraepithelial 

neoplasia (CIN) grade 2 or higher and who have had adequate negative prior screening results. In 

contrast, women with a history of CIN2 or higher should be screened for 20 years following the initial 

post-treatment surveillance period, regardless of whether or not they have had a total hysterectomy. 

More intensive screening should be practiced in special populations. Additional discussion pertaining 

to these and other recommendations based on the 2012 consensus guidelines will follow. 

Protocols for cervical cancer screening have varied since their inception, yet these changes have not 

demonstrated an impact on the life expectancy for patients with cervical cancer [8]. The lack of notable 

difference is likely related to the indolent course of cervical cancer. Even high-grade cervical 

dysplasias generally require three to seven years before they develop into invasive cervical cancer and 

only 30% of untreated CIN3 will develop into cancer over 30 years. 

Despite its benefits, cervical cancer screening is not infallible, nor is it universally available. 

Women without access to medical care, without health insurance, or below the poverty line have an 

increased risk of developing cervical carcinoma [3]. Additionally, one-third of patients who develop 

cervical cancer have undergone appropriate screening [8]. Although some of these cases of screening 

failure may be attributed to lack of patient or provider follow-up, laboratory error, clinician error, 

misclassification of cancers, aggressive cancers with poor outcome, or cancers undetected by 

conventional screening, the development of a more sensitive screening method would further minimize 

morbidity and mortality due to cervical cancer. However, there are ethical limitations to performing 

randomized control trials to evaluate the efficacy of current cervical cancer screening guidelines [5]. 
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As the prevalence of cervical carcinoma decreases, clinicians as well as the expert panels who 

advise them must thoughtfully consider the risks involved with cancer screening. These unfavorable 

consequences include unnecessary colposcopies or biopsies for lesions which might regress, healthcare 

costs, the psychological impact of a diagnosis of HPV, and an unknown impact on reproductive 

outcomes [2]. Authors of the most recent recommendations utilize the number of colposcopies as a 

metric for harm in screening. Colposcopy can led to unnecessary treatment of cervical dysplasia, the 

current standard for which is the loop electrosurgical excision procedure (LEEP) [5]. 

The association between LEEP and adverse pregnancy outcomes has been a subject of debate for 

many years. A meta-analysis found no increase in perinatal mortality associated with a history of LEEP [9]. 

In 2010, representatives from 22 organizations formed a committee on Practice Improvement in 

Cervical Screening and Management (PICSM) that reviewed available evidence on cytologic 

abnormalities in adolescents and found that unnecessary treatment of precancerous cervical lesions can 

lead to cervical stenosis, preterm delivery, and preterm premature rupture of membranes [10]. ACOG 

guidelines state that the excision or ablation of cervical tissue in young women should be minimized. 

This manuscript will review screening techniques and current recommendations for cervical cancer 

screening and HPV testing, as well as possible future screening strategies. 

2. Screening Techniques 

2.1. Papanicolaou Testing 

Newer liquid-based or conventional smear methods of cervical cytology collection are acceptable 

for screening purposes [2,6]. With liquid-based specimen collection, only one sample is required to 

perform multiple tests (cytology and testing for HPV, gonorrhea, and chlamydial infection [2]. Though 

liquid-based specimens theoretically facilitate easier interpretation of results, improved filtration of 

blood and debris, and fewer unsatisfactory outcomes, comparisons of the liquid-based technique to 

conventional smear technique have not demonstrated improved sensitivity or specificity for the 

detection of CIN [11]. 

Cytologic screening, however, is far from perfect. The ATHENA trial of 47,000 women 

demonstrated that 10% of women who tested positive for HPV 16 and/or 18 had high-grade cervical 

disease that was undetected by cytology [12]. In addition, while it has been known for decades that an 

annual Pap test offers no advantage in terms of clinical outcomes relative to a Pap test every two to 

three years, the 2012 guidelines represent the first occasion on which leading groups of gynecologists 

have explicitly recommended against yearly Pap testing [8]. 

Since healthcare providers may view the Pap smear as the motivation for annual patient visits, 

clinicians may be reticent to adopt the practice of less frequent testing. However, ACOG still 

recommends annual appointments for a well-woman exam (even in the absence of cervical cancer 

screening) [2]. It is important to communicate to patients that recent technological advances in 

healthcare facilitate comparable protection from cervical cancer even with less frequent screening. 

Notwithstanding, the limitations of Pap cytology have helped shift guidelines away from exclusive use 

of morphology-based screening to incorporate molecular-based screening for cervical carcinoma. 
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2.2. HPV Testing 

Historically, molecular HPV “reflex testing” has been performed to evaluate the need for colposcopy in 

women with typical squamous cells of undetermined significance (ASC-US) on cytology (i.e., inconclusive 

evidence of cervical cancer or its precursors). However, the joint recommendations released in 2012 

recommend HPV testing in conjunction with routine cytology as well as in reflex testing starting in 

women ages 30 to 65 [2,6]. A woman in this age group negative for both high-risk HPV DNA and 

cytology has a lower risk of developing CIN2 or CIN3 in the next four to six years, relative to a 

woman with negative cytology alone [2]. In addition, co-testing is more sensitive than exclusive 

cytology testing in the detection of rare adenocarcinomas of the cervix (accounting for only 10% of all 

cervical cancer cases, the majority of which are of squamous cell origin) [13]. 

On April 24, 2014, the FDA approved the cobas® HPV Test as the first of its kind for use in place 

of cytology for primary screening for cervical cancer by detection of high-risk HPV genotypes in 

women ages 25 and older [14]. The test provides pooled results for high-risk genotypes (HPV-31, 33, 

35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) as well as individual results for HPV-16 and HPV-18.  

HPV-16 has the highest carcinogenic potential and accounts for 55% to 60% of worldwide cases of 

cervical carcinoma, while HPV-18 is known to cause 10% to 15% of cervical cancer [15]. There is no 

indication for performing tests to detect the presence of low-risk HPV genotypes, as these have not been 

shown to play a role in viral carcinogenesis. In accordance with FDA-approved use of the cobas® HPV 

Test, women who test positive for HPV genotypes 16 and/or 18 should receive colposcopy and all 

other women testing positive for high-risk HPV genotypes should receive a conventional Pap test for 

subsequent triaging. According to large cohort studies, the risk of CIN3 is 10% over one to four years 

among women who test positive for HPV 16, with the same risk over two to five years among those who 

test positive for HPV 18 [16,17]. 

The cobas® HPV test was approved as the primary screening method at three-year intervals, and 

appears to provide cancer protection very similar to co-testing at three-year intervals or annual 

cytology, and superior protection relative to cytology at three-year intervals [5]. The approval of the 

cobas® HPV test starting at age 25 (rather than 30, as indicated in the 2012 guidelines) aligns with the 

ASCCP 2012 updated recommendations for the management of abnormal tests [18]. In response to 

FDA approval, interim guidelines for primary high-risk HPV screening were developed by 

representatives from the Society of Gynecologic Oncology, the American Society of Cytopathology, and 

the College of American Pathologists, in addition to ACOG and all groups authoring the 2012 screening 

guidelines [19]. The interim guidelines state that because of equivalent or superior effectiveness, 

primary high-risk HPV screening can be utilized as an alternative to cytology. Primary HPV screening 

should not be implemented among women younger than 25 years of age and re-screening after a 

negative primary high-risk HPV test should not take place more frequently than every three years. In 

addition, although more research is necessary, the interim guidelines suggest that the best management 

of high-risk HPV-positive women is to triage positive tests with genotyping for 16/18 and to utilize 

reflex cytology for women positive for the 12 other high-risk genotypes. 

There is a growing body of evidence in support of these expert panel interim recommendations. The 

Joint European Cohort study demonstrated that the six-year risk of CIN3 or higher following a single 

negative HPV test was significantly lower than the risk following a negative Pap in a group of 24,295 
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women [20]. An observational study conducted in Portland suggested that a single HPV test could 

predict risk of CIN3 or higher for 18 subsequent years [21]. Moreover, a landmark observational  

study [22] as well as a systematic review [23] suggested that co-testing may provide only marginal 

benefit when compared to exclusive HPV testing. 

As additional tests are approved by the FDA for primary screening of cervical cancer, the choice of 

HPV assay may present challenges. A 2014 study of 5064 SurePath samples of women participating in 

routine cervical screening found considerable disagreement between four human papillomavirus 

assays, Hybrid Capture 2, cobas, CLART, and APTIMA [24]. The extent of discordance between primary 

screening results of the assays was neither population- nor storage media-specific, suggesting that assay 

design differences were the most likely cause [24]. These findings emphasize the need for quality control 

of HPV assays and special attention to the follow-up of women with HPV positive and cytology  

normal results. 

Nevertheless, multiple studies provide mounting evidence for the utility of HPV testing as primary 

screening and may continue to lead to further changes in recommendations, particularly as the actual 

impact of new screening guidelines on cancer prevention is investigated [25]. Furthermore, in 

countries with HPV vaccination programs, HPV testing may also offer a cost-effective strategy to monitor 

long-term vaccine efficacy [4]. For clinicians who recognize the value of HPV testing, but who are 

reticent to adopt less frequent cytology screening in accordance with the 2012 consensus guidelines, it 

is possible that HPV testing will increase in the absence of a concomitant decrease in the frequency of 

cytology screening, thus driving up healthcare costs. In addition, frequent screening will increase the 

number of false positives and unnecessary procedures, with increased potential harm to the patient. 

3. Screening Guidelines 

3.1. Level A Recommendations, Based on Good and Consistent Scientific Evidence 

3.1.1. Initiation of Screening 

According to unanimous agreement of ACOG, ACS, ASCCP, ASCP, and USPSTF, cervical 

carcinoma screening should begin at 21 years of age. Young women are commonly infected with HPV 

within just a few months to a few years after coitarche, but the infection is nearly always cleared by a 

young, immunocompetent person within one to two years [26]. Women under 21 have a very low 

incidence of cancer (0.1 percent cases diagnosed before age 20) and there is a lack of evidence to suggest 

that screening effectively reduces the rate of cervical cancer in the under-21 demographic [2,6]. This 

recommendation is independent of sexual history or behavioral risk factors. Additionally,  

non-malignant cervical neoplasia is not uncommon in the under-21 age group and abnormal Pap tests 

may promote unnecessary anxiety, morbidity, and follow-up workups and procedures. In spite of the 

recommendation against cervical carcinoma screening in this age group, it should be noted that women 

younger than 21 should still be counseled about safe sexual practices and receive vaccination against 

HPV as part of their primary care. 
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3.1.2. Screening for Women Ages 21 to 29 

Women between the ages of 21 and 29 should receive cervical cytology screening alone every three 

years (rather than every two years, as previously recommended) [2,6]. Co-testing to detect the presence 

of high-risk HPV genotypes should not be performed in women under 30 years of age. While HPV 

testing is more sensitive than cervical cytology testing, it is less specific. Thus, given the high 

prevalence of high-risk HPV infections in women less than 30 combined with their lower risk for 

cervical cancer due to probable immune system eradication of transient HPV infection, screening by 

co-testing is not recommended. Co-testing in this age group would lead to an increase in unnecessary 

workup procedures without a corresponding decrease in cervical carcinoma incidence [2]. 

The evidence for the increase in the interval of screening stems from modeling studies that found no 

significant difference in the predicted lifetime risk of cervical cancer in women screened every three 

years (five to seven new cases per 1000) versus every two years (four to six cases per 1000) [26]. 

Furthermore, under this model, women screened every two years would undergo 40% more 

colposcopies than women screened every three years [27]. 

3.1.3. Screening for Women Ages 30 to 65 

Women between 30 and 65 years of age should be co-tested with cytology and HPV testing every  

five years (instead of every three years, as previously recommended) [2,6]. Alternatively, this age 

group can be tested with cytology alone every three years. According to ACOG, ACS, ASCCP, and 

ASCP, co-testing is preferable to conventional cytology testing alone because of the increased sensitivity 

in detection of CIN3 and cervical cancer; however the USPSTF recommends either mode of screening 

without preference [6,7]. With the increased interval of screening every five years with co-testing, 

specificity is maintained relative to cytology alone every three years [2,6]. Approximately 10% of 

cytology results return as ASC-US in women 30 to 65 years of age and most of these cases should 

receive reflex HPV testing [8]. However, a shift in practice to adopt the new screening guidelines will 

promote HPV testing in a much greater percentage of women in this demographic as part of  

routine co-testing. 

Justification for lengthened screening intervals is based on the principle of equal management for 

equal risk. Because multiple possible screening results are associated with similar risks of the presence 

of cervical cancer precursors or cancer, as well as the risk of colposopies and other procedures, 

patients should be managed consistently based on that risk [5]. Data suggests the risk of CIN3 or 

higher five years after a negative co-test is equal to or less than the risk three years after a negative  

Pap [28]. However, the five-year co-test protocol has yet to be universally accepted due to patient and 

clinician concerns about inadequate protection from cervical carcinoma under the new guidelines. 

Kulasingam et al.’s model suggests that implementation of five-year co-testing will lead to one 

additional cervical cancer diagnosis out of 369 appropriately-screened women and one additional 

cervical cancer death among 1639 screened women, as compared to three-year co-testing [28]. 

According to data from Kaiser Permanente Northern California (KPNC) based on screening results 

from 1,008,855 women, 2734 additional cervical cancer diagnoses and 615 deaths from cervical cancer 

would be prevented if the three-year co-testing interval is maintained in lieu of the five-year interval. If 
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instead a two-year co-testing interval was adopted, each cancer prevented would require 92 additional 

colposcopies and each death prevented would require 408 additional colposcopies [5]. While the 

additional risk inherent in the longer screening interval may be small in the short-term, the concerns of 

patients and clinicians about the current interval recommendation is reasonable in light of a lifetime, 

cumulative risk of cervical cancer [5]. 

3.1.4. Discontinuation of Screening 

According to the latest consensus guidelines, all screening should be discontinued for women after 

the age of 65 who have had adequate negative screening [2,6]. Adequate negative screening is defined 

as three consecutive negative Pap tests or two consecutive negative co-test results within 10 years, with the 

most recent test performed within the past five years. This recommendation only applies to those 

women older than 65 who do not have a history of CIN2 or higher within the last 20 years and who do not 

have increased risk of cervical cancer due to other exposures. The USPSTF has already adopted  

this recommendation. 

Even if a woman older than 65 has a new partner, the low risk of HPV persistence and progression 

to cancer with newly acquired HPV infection renders any screening in women over 65 with adequate 

negative prior screening results unnecessary. Post-menopausal epithelial atrophy, common in this age 

group, can lead to false-positive results and thus abnormal cervical cytology has a very low positive 

predictive value [2]. Furthermore, smaller and less accessible cervical transformation zones found 

among many post-menopausal women could require more interventions to provide adequate tissue 

specimens and ultimately treat patients [13]. The slight benefits in terms of cervical cancer diagnosis 

and mortality are outweighed by significant overall cost from unnecessary screening, anxiety, and 

colposcopy procedures. Based on modeling studies, continuation of screening until age 90 prevents only 

1.6 cancer cases and 0.5 cancer deaths and extends life expectancy by only one year per 1000 women 

screened [28]. 

The ACS, ASCCP, and ASCP did not find sufficient evidence to suggest that the frequency of 

screening in any age group should be altered based on prior negative cytology [6]. A matched case 

control study demonstrated that neither a previous abnormal cytology result nor the number of 

previous normal screening results changes the risk of invasive cancer [29]. 

3.1.5. Screening of Special Populations 

For women with a history of cervical cancer, previously treated CIN2, CIN3, existing HPV or HIV 

infection, immunodeficiency, or a history of diethylstilbestrol exposure in utero, recommendations for 

screening are more intensive. According to the CDC, HIV-infected women should be screened by 

cervical cytology twice in the first year following diagnosis and yearly thereafter, regardless of 

whether or not the diagnosis of HIV is made prior to the age of 21 years [30]. The consensus 

conference review of the ACS, ASCCP, and ASCP specifically states that it does not address patients 

who are HIV+, who should follow the CDC guideline [6]. By strict interpretation, the CDC 

recommendation would suggest that female children or even infants who are positive for HPV by 

vertical transmission be screened; thus, clinical judgment should be used. For patients after solid organ 

transplants or with other causes of immunosuppression, ACOG suggests that annual cytology is 
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reasonable. No explicit recommendations have been made for HPV testing among those with 

immunodeficiency due to HIV or other factors. 

3.1.6. Screening for Women after Hysterectomy for Benign Reasons 

Among women who have had a total hysterectomy, that is, inclusive of removal of the cervix, and 

who have never had CIN2 or higher, routine cytology screening and HPV testing should be completely 

discontinued [2,6]. Continued cytology testing in this population is ineffective, given the extremely 

low risk and rarity of vaginal cancer. Evidence that supports this recommendation was noted in a 

systematic review of 19 studies involving a total of 6543 women who had a hysterectomy without a 

history of CIN and 5037 women who had a hysterectomy in which the cervix was affected by  

CIN3 [31]. Among those who had a hysterectomy in the absence of history of CIN, 1.8 percent had an 

abnormal cytology screening result, and 0.12 percent had vaginal intraepithelial neoplasia on biopsy, 

with no reported cases of cancer.  

3.2. Level B Recommendations, Based on Limited and Inconsistent Scientific Evidence 

3.2.1. Follow-Up Screening for Women with ASC-US Cytology or Discordant Co-Testing Results 

Consistent with the 2013 ASCCP updated guidelines for the management of abnormal screening 

results [18], the ACS recommended in their 2015 screening update that women with ASC-US cytology 

and negative HPV co-testing should return for screening in three years [32]. This three-year screening 

interval, reduced from five years, as previously recommended in the 2012 consensus guidelines, is 

based on newer evidence from the KPNC database to include 1.1 million women and two additional 

years of follow-up, which found that the risk of pre-cancer or cancer after the ASC-US/HPV-negative 

result was not as low as that associated with a negative co-test [32,33]. Instead, the risk approximated 

that of a negative Pap test (with no HPV result), for which repeat screening is recommended after three 

years [33]. It should be noted that the overall risk of malignancy in this population is still low, 0.5% or 

less over five years, rendering colposcopy a poor diagnostic option [32]. 

In contrast, if the HPV test is positive in the context of negative cytology, clinicians may either 

repeat co-testing in one year or perform an HPV genotyping test. Immediate colposcopy is indicated in 

cases of either subsequent detection of high-risk HPV genotypes (16 or 16/18) or a cytology result of 

LSIL or higher with a repeat positive HPV test upon one-year follow-up [2]. For cases in which  

HPV-16 or HPV-18 is detected, the risk of CIN3 approaches 10% within a few years [12]. However, 

cohort testing by Rodriguez et al., suggests that many HPV infections will be cleared by the immune 

system within one year [34]. 

3.2.2. Screening for Women with a History of Cervical Dysplasia or Cancer, with or without Hysterectomy 

For women previously treated for CIN2 or higher, there is a 2.8-fold increased risk of persistent or 

recurrent disease for 20 years following treatment that necessitates continuation of routine age-based 

screening [2,6]. This recommendation applies even if the 20-year post-treatment screening period 

extends past the age of 65 years in women who have had a history of CIN2 or higher. While women 

older than 65 represent 14.1% of the U.S. population, they account for 19.5% of new cases of cervical 
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cancer, usually due to inadequate screening [2]. Recurrent intraepithelial neoplasia or carcinoma can 

develop at the vaginal cuff years after hysterectomy. No explicit recommendations have been made for 

or against HPV testing in this demographic. 

3.3. Level C Recommendation, Based on Consensus and Expert Opinion 

Screening and the HPV Vaccination 

Regardless of HPV vaccination status, the current recommendation is to screen women according to 

standard age-based guidelines [2,6]. While the Advisory Committee on Immunization Practices and 

CDC recommend that women receive vaccination against HPV-16 and HPV-18 prior to the time of 

HPV exposure. However, many women are currently vaccinated subsequent to HPV exposure [2]. 

Thus, clinicians may not observe a marked reduction in cervical cancer incidence for 20 years 

following widespread implementation of vaccination [2]. First introduced in 2006, vaccination against 

HPV has been shown to protect previously uninfected women against CIN caused by HPV-16 and 

HPV-18 in nearly all cases [2]. 

While additional studies are still necessary, it is reasonable to suggest that among individuals 

vaccinated before the initiation of sexual activity, future guidelines may permit screening in women 

beginning at age 25 [5]. However, vaccinated individuals remain unprotected from 30 percent of 

cervical cancer cases due to other HPV genotypes not included in the vaccine [35]. Vaccination 

compliance rates are also poor, as evidenced by CDC data documenting that only 36.9% of women 

aged 19 to 26 years reported receiving more than one dose of the HPV vaccine in 2013 [36]. In light of 

these realities, at the present time the best prevention measure against cervical carcinoma is 

widespread screening for women independent of HPV vaccination status. 

4. Future Screening Strategies 

Screening guidelines will continue to evolve with increasing understanding of the relationship 

between HPV oncoproteins and cervical dysplasia. While highly sensitive, current HPV testing 

methods lack specificity and positive predictive value [13]. Women with a negative Pap test who test 

positive for high-risk HPV may have a risk of only 3% to 7% for high-grade CIN, but a positive HPV 

test could prompt unnecessary diagnostic workup and treatment [37,38]. The biomarkers p16, Ki-67, 

human telomerase reverse transcriptase (hTERT), and L1 capsid protein hold clinical promise for more 

accurate diagnostic workup of patients with positive HPV testing. While p16 is overexpressed in 

cervical dysplasia and associated with high-risk HPV oncogenic transformation, Ki-67 and hTERT are 

markers of uncontrolled cell proliferation [13,39]. Meanwhile, the presence of HPV L1 capsid protein 

within dysplastic cells demonstrates a completed HPV life cycle, and HPV L1 capsid protein-negative 

cases have lost the capacity to synthesize virions [40]. The combination of mRNA expression levels of 

several of these HPV biomarkers could be used in a complementary manner in diagnosing high-grade 

cervical lesions [41]. For example, a 2011 study found that dual-stained cytology, a combined assay 

for both the p16 and Ki-67 markers, was 91.9% sensitive and 82.1% specific in detecting CIN2 or 

higher and 96.4% sensitive and 76.9% specific in detecting CIN3 or higher [41]. Application of  
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dual-stained cytology may be particularly useful in helping to triage patients with ASC-US cytology 

and/or in cases of women with a positive HPV test and negative Pap test. 

Because HPV testing is more sensitive than cytology, although less specific, a reasonable future 

screening strategy may be testing for HPV first followed by a conventional Pap test in women with a 

positive HPV test result. The multi-stage HPV FOCAL trial of 6154 women compared HPV followed 

by Pap testing versus Pap followed by HPV testing (with the latter group comprised of women with 

ASC-US on cytology) [42]. The first round of results demonstrated increased detection of CIN2 or 

higher by HPV DNA testing followed by cytology relative to the reverse order of triage. This 

screening strategy, in combination with testing for the new biomarkers mentioned previously, holds 

much promise for providing a screening methodology that provides the most significant protection 

from cervical cancer. 

5. Conclusions 

As molecular screening and vaccination slowly decrease the need for traditional cytological testing, 

clinical practice guidelines will continue to change. Significant research advances have been made in 

the prevention, screening, and treatment of cervical carcinoma and will likely continue. HPV testing 

received a strong endorsement in the 2012 consensus guidelines, yet has not been fully accepted by 

healthcare providers. A recent survey of 266 obstetricians and gynecologists demonstrated that 

compliance with guidelines is suboptimal, with solo practitioners especially unlikely to follow both 

vaccination and screening guidelines relative to those in group practices [43]. 

In the survey, many physicians also cited patient and personal discomfort with extended screening 

intervals. Therefore, provider and patient education about the benefits of lengthened screening 

intervals (conservation of healthcare resources, lack of increased risk) in women who are at low-risk 

for cervical carcinoma is needed [44]. To minimize unnecessary surveillance and invasive workups for 

women with a low risk of cervical cancer, evidence for the use of novel biomarkers better able to 

detect high-grade dysplasias should be carefully considered. In particular, tests for p16 and Ki-67 as 

well as HPV mRNA assays hold much promise. 

Despite the improvements in screening technology, women without access to adequate health care 

will not benefit from these advances. Targeted HPV vaccination efforts in lower socioeconomic 

populations may be the key to reducing high rates of cervical cancer incidence and mortality [45].  

The incidence of cervical cancer in areas where more than 20% of U.S. residents live under the poverty 

line is 18% to 39% higher than areas where less than 10% of residents live below the poverty line [46]. 

Greater sexual activity and lower screening participation in these populations may synergistically promote 

higher cervical cancer risk, and vaccination of these high-risk groups may reduce disease burden [45]. 

In a climate of changing recommendations, as well as new tests, vaccines, and treatments, both quality 

research investigations and education of clinicians remain essential. 

Acknowledgments 

The authors thank Stephen Tyring, founder and Medical Director of the Center for Clinical Studies 

in Houston, for his tireless work in human papillomavirus research.  



J. Clin. Med. 2015, 4 928 

 

 

Author Contributions 

The authors had full access to all of the information presented in this review and take responsibility 

for the integrity and the accuracy of the analysis. Drafting of the manuscript was done by  

Megan J. Schlichte. Critical revision of the manuscript for important intellectual content was done by 

Jacqueline Guidry. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

1. Karjane, N.; Chelmow, D. New cervical cancer screening guidelines, again. Obstet. Gynecol. Clin. 

N. Am. 2013, 40, 211–223. 

2. Committee on Practice Bulletins—Gynecology. ACOG Practice Bulletin Number 131: Screening 

for cervical cancer. Obstet. Gynecol. 2012, 120, 1222–1238. 

3. Jemal, A.; Simard, E.P.; Dorell, C.; Noone, A.M.; Markowitz, L.E.; Kohler, B.; Eheman, C.; 

Saraiya, M.; Bandi, P.; Saslow, D.; et al. Annual Report to the Nation on the Status of Cancer, 

1975–2009, featuring the burden and trends in human papillomavirus (HPV)-associated cancers 

and HPV vaccination coverage levels. J. Natl. Cancer Inst. 2013, 105, 175–201. 

4. Tota, J.E.; Chevarie-Davis, M.; Richardson, L.A.; Devries, M.; Franco, E.L. Epidemiology and 

burden of HPV infection and related diseases: Implications for prevention strategies.  

Prev. Med. 2011, 53 (Suppl. S1), 12–21. 

5. Dinkelspiel, H.; Kinney, W. State of the science: Cervical cancer screening in transition.  

Gynecol. Oncol. 2014, 133, 389–393. 

6. Saslow, D.; Solomon, D.; Lawson, H.W.; Killackey, M.; Kulasingam, S.L.; Cain, J.; Garcia, F.A.; 

Moriarty, A.T.; Waxman, A.G.; Wilbur, D.C.; et al. American Cancer Society, American Society 

for Colposcopy and Cervical Pathology, and American Society for Clinical Pathology screening 

guidelines for the prevention and early detection of cervical cancer. CA Cancer J. Clin. 2012, 62,  

147–172. 

7. Moyer, V.A.; U.S. Preventive Services Task Force. Screening for cervical cancer: U.S. Preventive 

Services Task Force recommendation statement. Ann. Intern. Med. 2012, 156, 880–891. 

8. Baker, E. Assessing the impact of new cervical cancer screening guidelines. MLO Med. Lab. Obs. 

2013, 45, 28–29. 

9. Arbyn, M.; Kyrgiou, M.; Simoens, C.; Rafu, A.O.; Koliopoulos, G.; Martin-Hirsch, P.; Prendiville, W.; 

Paraskevaidis, E. Perinatal mortality and other severe adverse pregnancy outcomes associated 

with treatment of cervical intraepithelial neoplasia: Meta-analysis. BMJ 2008, 337, 

doi:10.1136/bmj.a1284. 

10. Moscicki, A.B.; Cox, J.T. Practice improvement in cervical screening and management (PICSM): 

Symposium on management of cervical abnormalities in adolescents and young women.  

J. Low. Genit. Tract Dis. 2010, 14, 73–80. 



J. Clin. Med. 2015, 4 929 

 

 

11. Siebers, A.G.; Klinkhamer, P.J.; Grefte, J.M.; Massuger, L.F.; Vedder, J.E.; Beijers-Broos, A.; 

Bulten, J.; Arbyn, M. Comparison of liquid-based cytology with conventional cytology for 

detection of cervical cancer precursors: A randomized controlled trial. JAMA 2009, 302,  

1757–1764. 

12. Wright, T.C., Jr.; Stoler, M.H.; Sharma, A.; Zhang, G.; Behrens, C.; Wright, T.L.; ATHENA 

(Addressing THE Need for Advanced HPV Diagnostics) Study Group. Evaluation of HPV-16 and 

HPV-18 genotyping for the triage of women with high-risk HPV+ cytology-negative results.  

Am. J. Clin. Pathol. 2011, 136, 578–586. 

13. Jin, X.W.; Lipold, L.; McKenzie, M.; Sikon, A. Cervical cancer screening: What’s new and 

what’s coming? Cleve. Clin. J. Med. 2013, 80, 153–160. 

14. Abraham, J.; Stenger, M. Cobas HPV test for first-line screening for cervical cancer.  

J. Community Support. Oncol. 2014, 12, 156–157. 

15. De Sanjose, S.; Quint, W.G.; Alemany, L.; Geraets, D.T.; Klaustermeier, J.E.; Lloveras, B.;  

Taus, S.; Felix, A.; Bravo, L.E.; Shin, H.R.; et al. Human papillomavirus genotype attribution in 

invasive cervical cancer: A retrospective cross-sectional worldwide study. Lancet Oncol. 2010, 11, 

1048–1056. 

16. Kjaer, S.K.; Frederiksen, K.; Munk, C.; Iftner, T. Long-term absolute risk of cervical 

intraepithelial neoplasia grade 3 or worse following human papillomavirus infection: Role of 

persistence. J. Natl. Cancer Inst. 2010, 102, 1478–1488. 

17. Khan, M.J.; Castle, P.E.; Lorincz, A.T.; Wacholder, S.; Sherman, M.; Scott, D.R.; Rush, B.B.; 

Glass, A.G.; Schiffman, M. The elevated 10-year risk of cervical precancer and cancer in women 

with human papillomavirus (HPV) type 16 or 18 and the possible utility of  

type-specific HPV testing in clinical practice. J. Natl. Cancer Inst. 2005, 97, 1072–1079. 

18. Massad, L.S.; Einstein, M.H.; Huh, W.K.; Katki, H.A.; Kinney, W.K.; Schiffman, M.; Solomon, D.; 

Wentzensen, N.; Lawson, H.W. 2012 ASCCP Consensus Guidelines Conference. 2012 updated 

consensus guidelines for the management of abnormal cervical cancer screening tests and cancer 

precursors. Obstet. Gynecol. 2013, 121, 829–846. 

19. Huh, W.K.; Ault, K.A.; Chelmow, D.; Davey, D.D.; Goulart, R.A.; Garcia, F.A.; Kinney, W.K.; 

Massad, L.S.; Mayeaux, E.J.; Saslow, D.; et al. Use of primary high-risk human papillomavirus 

testing for cervical cancer screening: Interim clinical guidance. Obstet. Gynecol. 2015, 125,  

330–337. 

20. Dillner, J.; Rebolj, M.; Birembaut, P.; Petry, K.U.; Szarewski, A.; Munk, C.; de Sanjose, S.; 

Naucler, P.; Lloveras, B.; Kjaer, S.; et al.; Joint European Cohort Study. Long term predictive 

values of cytology and human papillomavirus testing in cervical cancer screening: Joint European 

cohort study. BMJ 2008, 337, doi:10.1136/bmj.a1754. 

21. Castle, P.E.; Glass, A.G.; Rush, B.B.; Scott, D.R.; Wentzensen, N.; Gage, J.C.; Buckland, J.; 

Rydzak, G.; Lorincz, A.T.; Wacholder, S. Clinical human papillomavirus detection forecasts 

cervical cancer risk in women over 18 years of follow-up. J. Clin. Oncol. 2012, 30, 3044–3050. 

22. Katki, H.A.; Kinney, W.K.; Fetterrman, B.; Lorey, T.; Poitras, N.E.; Cheung, L.; Demuth, F.; 

Schiffman, M.; Wacholder, S.; Castle, P.E. Cervical cancer risk for women undergoing concurrent 

testing for human papillomavirus and cervical cytology: A population-based study in routine 

clinical practice. Lancet Oncol. 2011, 12, 63–72. 



J. Clin. Med. 2015, 4 930 

 

 

23. Vesco, K.K.; Whitlock, E.P.; Eder, M.; Lin, J.; Burda, B.U.; Senger, C.A.; Holmes, R.S.; Fu, R.; 

Zuber, S. Screening for Cervical Cancer: A Systematic Evidence Review for the U.S. Preventative 

Services Task Force. Available online: http://www.uspreventiveservicestaskforce.org/uspstf11/ 

cervcancer/cervcanceres.pdf (accessed on 31 August 2014). 

24. Rebolj, M.; Preisler, S.; Ejegod, D.M.; Rygaard, C.; Lynge, E.; Bonde, J. Disagreement between 

human papillomavirus assays: An unexpected challenge for the choice of an assay in primary 

cervical screening. PLoS ONE 2014, doi:10.1371/journal.pone.0086835. 

25. Almonte, M.; Sasieni, P.; Cuzick, J. Incorporating human papillomavirus testing into cytological 

screening in the era of prophylactic vaccines. Best Pract. Res. Clin. Obstet. Gynaecol. 2011,  

25, 617–629. 

26. Winer, R.L.; Lee, S.K.; Hughes, J.P.; Adam, D.E.; Kiviat, N.B.; Koutsky, L.A. Genital human 

papillomavirus infection: Incidence and risk factors in a cohort of female university students.  

Am. J. Epidemiol. 2003, 157, 218–226. 

27. Goldie, S.J.; Kim, J.J.; Wright, T.C. Cost-effectiveness of human papillomavirus DNA testing for 

cervical cancer screening in women aged 30 years or more. Obstet. Gynecol. 2004, 103, 619–631. 

28. Kulasingam, S.L.; Havrilesky, L.J.; Ghebre, R.; Myers, E.R. Screening for cervical cancer: A 

modeling study for the US Preventative Services Task Force. J. Low. Genit. Tract Dis. 2013, 17, 

193–202. 

29. Miller, M.G.; Sung, H.Y.; Sawaya, G.F.; Kearney, K.A.; Kinney, W.; Hiatt, R.A. Screening 

interval and risk of invasive squamous cell cervical cancer. Obstet Gynecol. 2003, 101, 29–37. 

30. Kaplan, J.E.; Benson, C.; Holmes, K.K.; Brooks, J.T.; Pau, A.; Masur, H.; Centers for Disease 

Control and Prevention (CDC); National Institutes of Health; HIV Medicine Association of the 

Infectious Diseases Society of America. Guidelines for prevention and treatment of opportunistic 

infections in HIV-infected adults and adolescents: Recommendations from CDC, the National 

Institutes of Health, and the HIV Medicine Association of the Infectious Diseases Society of 

America. MMWR Recomm. Rep. 2009, 58, 1–207. 

31. Stokes-Lampart, H.; Wilson, S.; Waddell, C.; Ryan, A.; Holder, R.; Kehoe, S. Vaginal vault 

smears after hysterectomy for reasons other than malignancy: A systematic review of the literature. 

BJOG 2006, 113, 1354–1365. 

32. Smith, R.A.; Manassaram-Baptiste, D.; Brooks, D.; Doroshenk, M.; Fedewa, S.; Saslow, D.; 

Brawley, O.W.; Wender, R. Cancer screening in the United States, 2015: A review of current 

American cancer society guidelines and current issues in cancer screening. CA Cancer J. Clin. 

2015, 65, 30–54. 

33. Katki, H.A.; Schiffman, M.; Castle, P.E.; Fetterman, B.; Poitras, N.E.; Lorey, T.; Cheung, L.C.; 

Rine-Bennett, T.; Gage, J.C.; Kinney, W.K. Five-year risks of CIN 3+ and cervical cancer among 

women with HPV testing of ASC-US Pap results. J. Low. Genit. Tract Dis. 2013, 17 (Suppl S1), 

36–42. 

34. Rodriguez, A.C.; Schiffman, M.; Herrero, R.; Wacholder, S.; Hildesheim, A.; Castle, P.E.; 

Solomon, D.; Burk, R.; Proyecto Epidemiologico Guanacaste Group. Rapid clearance of human 

papillomavirus and implications for clinical focus on persistent infections. Proyecto 

Epidemiologico Guanacaste Group. J. Natl. Cancer Inst. 2008, 100, 513–517. 



J. Clin. Med. 2015, 4 931 

 

 

35. Lehtinen, M.; Paavonen, J.; Wheeler, C.M.; Jaisamrarn, U.; Garland, S.M.; Castellsague, X.; 

Skinner, S.R.; Apter, D.; Naud, P.; Salmeron, J.; et al. Overall efficacy of HPV-16/18  

AS04-adjuvanted vaccine against grade 3 or greater cervical intraepithelial neoplasia: 4-year  

end-of study analysis of randomized, double-blind PATRICIA trial. Lancet Oncol. 2012, 13,  

89–99. 

36. Williams, W.W.; Lu, P.J.; O’Halloran, A.; Bridges, C.B.; Kim, D.K.; Pilishvili, T.;  

Hales, C.M.; Markowitz, L.E.; Centers for Disease Control and Prevention (CDC).  

Vaccination coverage among adults, excluding influenza vaccination—United States, 2013. 

MMWR Morb. Mortal. Wkly. Rep. 2015, 64, 95–102. 

37. Petry, K.U.; Menton, S.; Menton, M.; van Loenen-Frosch, F.; de Carvalho Gomes, H.; Holz, B.; 

Schopp, B.; Garbrecht-Buettner, S. Davies, P.; Boehmer, G.; et al. Inclusion of HPV testing in 

routine cervical cancer screening for women above 29 years in Ger-many: Results for 8466 

patients. Br. J. Cancer 2003, 88, 1570–1577. 

38. Castle, P.E.; Fetterman, B.; Poitras, N.; Lorey, T.; Shaber, R.; Kinney, W. Five-year experience of 

human papillomavirus DNA and Papanicolaou test cotesting. Obstet. Gynecol. 2009, 113,  

595–600. 

39. Wang, H.Y.; Kim, G.; Cho, H.; Kim, S.; Lee, D.; Park, S.; Park, K.H.; Lee, H. Diagnostic 

performance of HPV E6/E7, hTERT, and Ki67 mRNA RT-qPCR assays on formalin-fixed 

paraffin-embedded cervical tissue specimens from women with cervical cancer. Exp. Mol. Pathol. 

2015, 98, 510–516. 

40. Alshenawy, H.A. Evaluation of p16, human papillomavirus capsid protein L1 and Ki-67 in  

cervical intraepithelial lesions: Potential utility in diagnosis and prognosis. Pathol. Res. Pract. 

2014, 210, 916–921. 

41. Petry, K.U.; Schmidt, D.; Scherbring, S.; Luyten, A.; Reinecke-Luthge, A.; Bergeron, C.;  

Kommoss, F.; Loning, T.; Ordi, J.; Regauer, S.; et al. Triaging Pap cytology negative, HPV positive 

cervical cancer screening results with p16/Ki-67 dual-stained cytology. Gynecol. Oncol. 2011, 121, 

505–509. 

42. Ogilvie, G.S.; Krajden, M.; van Niekerk, D.J.; Martin, R.E.; Ehlen, T.J.; Ceballos, K.;  

Smith, L.W.; Kan, L.; Cook, D.A.; Peacock, S.; et al. Primary cervical cancer screening with HPV 

testing compared with liquid-based cytology: Results of round 1 of a randomised controlled 

trial—The HPV FOCAL Study. Br. J. Cancer 2012, 107, 1917–1924. 

43. Perkins, R.B.; Anderson, B.L.; Gorin, S.S.; Schulkin, J.A. Challenges in cervical cancer 

prevention: A survey of U.S. obstetrician-gynecologists. Am. J. Prev. Med. 2013, 45, 175–181. 

44. Sawaya, G.F. New Guidelines: It’s complicated. Obstet. Gynecol. 2013, 121, 703–704. 

45. Drolet, M.; Boily, M.C.; Greenaway, C.; Deeks, S.L.; Blanchette, C.; Laprise, J.F.; Brisson, M. 

Sociodemographic inequalities in sexual activity and cervical cancer screening: Implications for the 

success of human papillomavirus vaccination. Cancer Epidemiol. Biomark. Prev. 2013, 22, 641–652. 
  



J. Clin. Med. 2015, 4 932 

 

 

46. Howe, H.L.; Wu, X.; Ries, L.A.; Cokkinides, V.; Ahmed, F.; Jemal, A.; Miller, B.; Williams, M.; 

Ward, E.; Wingo, P.A.; et al. Annual report to the nation on the status of cancer, 1975–2003, 

featuring cancer among U.S. Hispanic/Latino populations. Cancer 2006, 107, 1711–1742. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


