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Where the Story Begins
The incidence of cervical cancer in the US has declined 
dramatically over the last half century and continues to 
decline to this day. In 1975, the incidence of cervical 
cancer was 14.8 per 100,000 women; by the year 2013 
that number was only 6.4 per 100,000. Similarly, the 
mortality due to cervical cancer during the same period 
was reduced from 5.6 to 2.3 women per 100,000.** 
It is widely accepted that secondary prevention of 
cervical cancer, i.e., the detection and eradication of 
precancerous lesions, is almost entirely responsible for 
this observed reduction, and clearly the most important 
step at which to intervene.1  

 
The Pap test, developed by George Papanicolau in 
1941, gained widespread use in the 1960s and became 
a part of a well-woman exam. Although many have 
questioned the clinical sensitivity of the Pap test, its 
efficacy in reducing cervical cancer is unchallenged. 
In the US, the Pap test is thought to be responsible for 
an 80% reduction in the incidence of cervical cancer.2 
Comparing rates of cervical cancer from countries that 
have implemented national screening programs, such as 
Great Britain, to countries where no such programs exist, 
such as Brazil, shows astonishing differences. While the 
incidence in both countries is similar in women under the 
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Introduction and Overview
Consensus in US cervical cancer screening guidelines currently state that Pap plus human papillomavirus (HPV) 
testing for women aged 30 to 65 years is recommended; cytology alone is recommended for women aged 21 to 29.* 
In 2014, the FDA approved a DNA HPV test for primary cervical cancer screening in women 25 years and older. This 
article provides foundational evidence demonstrating the diagnostic superiority of co-testing compared with primary 
high-risk HPV testing alone (HPV testing). Using an extensive modeling analysis, a screening span of up to 40 years, 
and a constructed cohort of 1 million women, we predicted that co-testing would result in thousands of fewer invasive 
cervical cancer cases and deaths and would save the healthcare system $39 million over the 40 years, as compared 
to a strategy using primary HPV testing alone. These findings are not only relevant when considering Women’s 
Healthcare policies, but they also direct attention to real-world outcomes and economics critical to selecting the best 
strategies for cervical cancer screening.
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age of 30, the incidence of cervical 
cancer in the unscreened population 
becomes more than triple that of 
the screened population by the sixth 
decade of life (Figure 1).3

The role of HPV in the development 
of precancerous and cancerous 
lesions of the cervix is now well 
established. HPV is accepted as 
the single, necessary cause of all 
cervical cancers.4 The presence 
of high-risk or oncogenic HPV 
is predictive of the presence or 
development of cervical cancer and 
its precursor lesions.5 Therefore, 
it is reasonable to conclude that 
detection of HPV in the genital 
tract would be of great use in the 
identification of women at risk for 
developing cervical precancer and 
cancer. But is that really the end of 
the story? What have findings in 
real-world clinical practice taught 
us about how best to incorporate 
HPV testing into cervical cancer 
screening?

Getting Beyond Smoke  
and Mirrors
The concurrent use of a Pap and 
HPV test reduces the incidence of 
cervical precancers and cervical 
cancers significantly more than 
the use of either test by itself. 
Using pooled data from seven 
HPV screening studies in Europe, 
Dillner and colleagues6 showed a 
greater reduction in CIN3+ disease 
in women who were cotested than 
women who were screened with 
HPV testing alone. More specifically, 
CIN3+ disease was found in 24% 
fewer women who were cotest-
negative compared with women who 
were HPV-negative at baseline over 
a 6-year follow-up.
Recently, two large US clinical 
laboratories extracted cervical 
cancer screening results and 
follow-up data from their databases 
with the aim of providing insight 
into the “real-world” performance of 
Pap only, HPV only and Pap+HPV 
screening approaches.7,8 The 
results revealed that co-testing with 
Pap+HPV identified more cervical 
precancers and invasive cancers 
than the HPV or Pap test alone.

Data from an earlier study examining 
real-life screening scenarios had 
already challenged the sensitivity of 
HPV testing alone in the detection 
of precancer and cancer, which 
was published in more formally 
conducted clinical trials. In the study 
of more than 1 million women, Gage 
and colleagues9 demonstrated that 
risk of developing CIN3+ disease 
within 3 years of screening was 
29% lower in women who were 
cotest-negative, as compared 
with women who tested HPV 
negative. Furthermore, among 405 
cases of cervical cancer detected 
during the study, nearly 19% were 
HPV-negative compared with just 
over 12% of women who were 
cotest-negative.
The case in favor of primary HPV 
screening has been made largely 
on the basis of cost. The obvious 
assumption is that adding the cost 
of an additional test would result 
in a higher financial burden to the 
screening program. Furthermore, 

when tests are run concurrently it is 
assumed that they render a higher 
number of positive results, leading 
to increased numbers of women 
who are sent to follow-up. This then 
lowers clinical specificity and further 
increases cost to the system. That 
said, cost effectiveness studies 
challenging these assumptions have 
only recently emerged and additional 
studies are likely needed in the 
future. 

Patient Outcomes and 
Economic Superiority  
for Co-testing vs. Primary 
HPV Screening
With a deep understanding of the 
clinical aspects of cervical cancer 
screening and the need to better 
parce out the financial ramifications 
of any proposed changes to 
screening, our group undertook 
a detailed cost-effectiveness 
analysis.10 When comparing 
these strategies there are several 

120

100

80

60

40

20

0
0 10 20 30 40 50 60 70 80

Brazil
UK

Figure 1. Modified from Bosch FX and de Sanjose S.3
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factors to consider. In this analysis, 
we focused on a comparison 
of currently available screening 
algorithms in women >30 (cytology 
alone, co-testing, and HPV primary 
screening). 
The cobas® HPV test (Roche Holding 
AG) is the only HPV assay currently 
approved by the FDA for primary 
HPV screening in the US. For this 
reason, only data generated with 
the cobas® HPV test should be used 
when evaluating cost-effectiveness 
of primary HPV screening in the 
US. Although four HPV assays 
currently have an indication for 
use as an adjunct test in women 
over 30, making it possible to 
utilize additional data sets for 
cost-effectiveness analyses of a 
co-testing approach, not all HPV 
assays have the same performance 
characteristics. Data from clinical 
studies show that the sensitivity of 
all FDA-approved HPV assays is 
similar, but that an increased clinical 
specificity is observed with the 
mRNA-based Aptima HPV assay 
(Hologic, Inc) compared to the 
three DNA-based HPV assays.11-15 
In addition, the mRNA HPV test is 
currently the most widely used test in 
clinical practice in the United States 
[College of American Pathologists 
(CAP).16 For these reasons, it is 
reasonable and appropriate to utilize 
the mRNA test when comparing 
the different screening strategies. 
Doing so will provide more real-
world estimates for related test and 
treatment costs. 
A 3-year interval for both strategies 
was employed as there is a known 
increase in the risk of invasive 
cervical cancer when extending the 
interval or co-testing to 5 years.17 
Use of the 3-year interval is not only 
within the recommended guidelines 
for screening outlined by the US 
Preventative Services Task Force 
(USPSTF) but it is also the most 
commonly adhered to strategy in the 
US.18-20 Finally, we chose to model 
the co-testing group to include 
genotyping for not only women with 
negative Pap test, but those with 
positive HPV tests, as well. This is 
concordant with ASCCP guidelines 
and current clinical practice, since its 
inclusion streamlines patients at high 
risk for already harboring a lesion 
to immediate colposcopy. We used 

a health state transition (Markov) 
model, incorporating epidemiologic, 
clinical and economic data from 
healthcare databases and published 
literature, to enter a hypothetical 
cohort of one-million 30 year-old 
women receiving triennial cervical 
cancer through age 70. 
Screening strategies compared 
screening with HPV alone to 
co-testing. Outcomes included: total 
and incremental differences in costs, 
invasive cervical cancer cases and 
deaths, number of colposcopies, 
and quality-adjusted life years for 
cost-effectiveness calculations.
In terms of total cost, a key focus 
for this article, our cost accounting 
included:
• �All costs associated with diagnostic 

tests and procedures (including 
colposcopy and biopsy), additional 
and repeat testing, medical office 
visits, cancer treatment costs, and 
end-of-life care.

• �Costs for diagnostic tests and 
procedures derived from current 
payment levels using the Truven 
Health Analytics MarketScan 
Research Databases (Truven Health 
Analytics).  

• �Treatment costs for CIN2 or CIN3 
were taken from a recent study on 
the costs of care for these patients, 
and treatment of CIN2/3 was 
assumed to be 100% successful. 
CIN1 was assumed to not be 
treated and therefore did not incur 
added costs if discovered.21 

• �Costs for treating invasive cervical 
cancer were split into three 
components to account for high 
initial costs of care and lower costs 
in subsequent years for surviving 
patients.22  

• �For terminal invasive cervical 
cancer, an additional cost 
accounting for end-of-life care 
was added to either the initial or 
subsequent year depending on the 
age of death.22  

Modeling Analysis Supports 
Co-testing as Preferred Cervical 
Cancer Screening Strategy10

The results of our analysis shows 
co-testing with the use of a highly 
specific HPV assay is not only 
clinically superior but also provides 
a cost-effective and potentially 

long-term cost-saving way of 
screening for cervical cancer 
compared to primary HPV screening. 
The model reveals that screening 
women with HPV testing alone would 
result in an additional 21 cases and 
an additional 20 deaths from cervical 
cancer per 100,000 women. It also 
predicts that the costs associated 
with screening and managing 
women using this strategy are higher 
than those using co-testing. In fact, 
when using co-testing, there was 
a $39 savings per woman over the 
40-year screening period when 
compared to screening using HPV 
testing alone. When projected to 
the one-million woman cohort, 
the model predicts that using 
co-testing results in 2,141 fewer 
cases and 2,041 fewer deaths from 
cervical cancer, while achieving $39 
million in savings when compared 
to screening using HPV testing 
alone. Co-testing also resulted in 
slightly fewer lifetime colposcopies 
per woman, fewer false positive 
colposcopies, and a higher number 
of true positive colposcopies.  
If one applies the results of this 
model to the total screening 
population of the US, the model 
predicts that using HPV testing 
alone, rather than co-testing, would 
result in approximately 150,000 
additional cases of cervical cancer 
and more than 100,000 cervical 
cancer deaths, while costing an 
additional $4.4 billion in health care 
costs over the 40-year screening 
period. 

What about women ages 25 
through 29?
Our study also evaluated the 
strategy of primary HPV screening 
in a population of 25-29 year old 
women and compared it to screening 
with the Pap alone with reflex to 
HPV for an ASCUS result. The model 
predicted a slight decrease in the 
incidence of cervical cancer in that 
age group (0.51 vs. 0.26 per 10,000 
women); however, it failed to predict 
a significant decrease in mortality 
(0.03 vs. 0.02 per 10,000 women). In 
this age group, the cost-efficacy of 
primary HPV screening as calculated 
using an incremental cost-
effectiveness ratio (ICER) shows that 
the strategy of screening women 
with HPV alone has an ICER of over 
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$425,000 when the accepted ICER 
in the United States is considered 
to be $50,000. This shows that the 
strategy of screening women in this 
age group may not be cost-effective. 
Although mathematical models, such 
as the one used by our group, are 
highly dependent on the conditions 
and data utilized, there is little 
argument that co-testing is more 
effective than primary HPV screening 
at preventing the incidence of 
mortality from cervical cancer. Huh 
and colleagues found a slight cost 
benefit of HPV testing alone using 
an algorithm that did not include 
the use of the Aptima HPV assay or 
genotyping, and followed a 5-year 
interval in the co-testing arm.23 In 
contrast, we chose a more clinically-
relevant path that uses the current 

standard of care screening interval 
in the US, genotyping for Pap 
negative/HPV-HR positive cotests, 
and an mRNA HPV test with greater 
specificity.10 Under these conditions, 
our findings are in contrast to the 
findings by Huh and colleagues and 
demonstrates that in a setting more 
closely representing clinical practice 
in the US, co-testing represents a 
cost-effective screening method over 
HPV alone.
In conclusion, co-testing has been 
successfully implemented into 
practice in the United States and 
recent data shows a continued 
decline in cervical cancer rates. 
Prior to changing such a successful 
strategy, it is incumbent on all of 
us to ensure that any replacement 
strategy performs equally as well 

or at least in a similar fashion, and 
indeed, presents tangible cost-
savings. The results of our study, 
summarized above, does just that. 
In fact, the model strongly supports 
that co-testing remains the preferred 
approach for cervical screening in 
women aged 30 to 65, since this 
strategy, when compared with 
screening using HPV testing alone, 
decreases invasive cervical cancer 
cases and deaths and provides 
substantial long-term cost savings to 
the healthcare system. As clinicians 
and laboratory directors, it is time 
to refocus attention on the merits of 
selecting cervical cancer screening 
strategies that, in clinical practice, 
reflect real-world outcomes.
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