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Abstract 
Lovisa Bergengren (2020): Cervical screening with primary HPV – from 
research to clinical effectiveness. Örebro Studies in Medicine 209.  

Organized cervical screening has greatly reduced the incidence of cervical can-
cer where implemented. Human papilloma virus (HPV) is the cause of cer-
vical cancer, and in later years, convincing evidence has led to cervical 
screening with HPV as the primary method being implemented around the 
world. The overall aim of this thesis is to improve cervical screening, with 
focus on HPV screening.  

Papers I–III were performed with focus on postmenopausal women. 
Women aged, 55–59 years, excluded from the screening with a normal cy-
tology cervical sample were found to have a high-risk HPV (hrHPV) prev-
alence of 5.5% in paper II. In a follow-up sample, 56% (71/126) had a 
persistent infection with the same genotype. Nineteen per cent of the women 
had dysplasia, where the majority of the high-grade squamous intraepithe-
lial lesions (HSILs) were associated with HPV types other than HPV 16/18. 

 Women 55-59 has a lower attendance rate in the study region, and since 
self-sample has been proven to increase attendance, paper I was performed 
to compare self-sample and professionally collected samples in these post-
menopausal women. The concordance between the sampling methods was 
83%, and both tests detected all histological HSILs. When including a study 
with older women (aged 70 years) in paper III, 23% of histological HSILs 
were found in hrHPV-positive women.  

Paper IV is a scientific evaluation of an implemented HPV-based screen-
ing programme, comparing clinical effectiveness and cost with cytology 
screening. More HSIL+ were detected in the new programme but at a higher 
cost than the old cytology-based programme. The screening visits for sam-
pling accounted for two thirds of the costs.  

Altogether, the results indicate the importance of having a negative HPV 
test before exiting screening. Data also present the necessity to find bi-
omarkers that are more specific than cytology and HPV 16/18 for triaging 
women with hrHPV to further follow-up, both among postmenopausal 
women and other age groups when screening with HPV, since many women 
without HSIL are coming for clinical follow-up and treatment. Extending the 
screening interval between hrHPV-negative tests as well as implementing self-
sampling to a greater extent can be important changes, since two thirds of the 
costs in the programme come from screening visits for sampling. 

Keywords: cervical cancer, screening, human papillomavirus (HPV), HPV 
prevalence, HPV genotypes, precancerous lesion, HSIL, self-sampling, 
postmenopausal women, health economy 
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AGC atypical glandular cells  
AIS adenocarcinoma in situ 
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Introduction 
An organized cervical screening programme has been in place in Sweden 
since the 1960’s, which has lowered the cervical cancer incidence greatly, 
even though it has not had the same effect of reducing the incidence in 
women above screening age or in the women who have not participated in 
screening (1). In recent years, the trend has changed, and an increase in 
incidence has been noted (2), with no clear reasons stated yet. Around the 
world cervical cancer is still a major cause of morbidity and mortality 
among women, with over half a million new cases in 2018 and over 300,000 
deaths (3, 4).  

That human papillomavirus (HPV) causes the vast majority of all cervical 
cancers has now been well known for many years (5, 6), and evidence from 
clinical trials worldwide is unanimous that screening based on HPV analysis 
is more effective than cytology (7-9). Even though both the European Union 
(EU) and the World Health Organization (WHO) recommend HPV as the 
primary screening tool where feasible (10, 11), the transition of the 
screening method to HPV instead of cytology has been rather protracted, 
even in a country such as Sweden that has a long tradition of organized 
screening. The WHO has stated that screening together with the HPV 
vaccines has the possibility to eliminate cervical cancer as a public health 
problem in the world (<4 cases per 100,000 woman-years). Yet, many 
countries lack any form of prevention, such as vaccination, screening and 
treatment of pre-cancerous lesions, as well as diagnosis and treatment of 
invasive cervical cancer (12).  

At the same time as recommendations for HPV as primary screening are 
being established, there are many obstacles to overcome when screening 
women for HPV infections. Those matters are, for example, how to increase 
the participation rate in the screening, which are the most appropriate age 
groups to screen, which screening intervals should be used, how to secure 
the best benefit and the least harm with the screening and the follow-up, 
and how to continue to follow women with HPV infections and no 
dysplasia (13). The aim of this thesis was to study different strategies to 
improve cervical screening, especially in older women, and to evaluate 
effectiveness of the HPV-based screening programme implemented in the 
Region of Örebro County.  

My interest in women’s health and in prevention, particularly cervical 
screening, the fact that we can actually work together to eradicate a cancer 
and my belief that the health care system needs to spend our money wisely, 
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led me into this field of research. During my doctoral student time, many 
international research papers have been published answering some of the 
queries about cervical screening, and many improvements have been made 
in the screening programme as well as in clinical practice in Sweden. 
However, many questions are still to be answered, for example, why there 
is an increasing incidence of cervical cancer in Sweden and why the great 
problems in the developing countries with cervical cancer persist. I am 
confident that I will continue working within this field, both as a clinician 
and as a researcher, as there will continue to be work that needs to be done.  
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Background 

Cervical cancer 
Cervical cancer is a common disease worldwide, with an estimation of 
570,000 cases diagnosed yearly (61,000 yearly in Europe) (2018) , which is 
almost 7 % of all female cancers (4, 12). The WHO report that over 
311,000 women die each year of the diagnosis and that around 85% of 
these deaths are in less developed countries (3). These countries lack 
organized screening, early diagnostics and possibilities to treat pre-cancers 
as well as established cancer cases, due to limited resources of cancer 
surgery, radiotherapy and chemotherapy. Even the EU’s member states have 
up to 10-fold differences in deaths in the disease, which reflect how different 
screening works in different countries, with organized, population-based 
screening programmes in some countries and more opportunistic screening 
or no screening in others (10).  

In Sweden there have been around 450 new cervical cancer cases 
diagnosed yearly, where around 150 yearly lead to death (14). In later years, 
an increase in cervical cancers cases has been reported, with an incident of 
around 550 cases yearly, an increase of 17% (2). About 30% of the cases 
of cervical cancer occur in women older than 60 years of age, and the 
mortality rate is around 70% in this age group (14). At the same time, for 
many years in Sweden the screening programme did not include women 
over 60 years of age. In the Region of Örebro County, as in most counties 
in Sweden, screening with cytology has been in place since the 1960s. The 
participation rate has varied in the region over the years but with an 
increasing number of women responding to the invitation. Women over 50 
years of age have had the lowest participation rate compared to other age 
cohorts, and there has unfortunately not been the same tendency for an 
upward trend in attendance in this age group. Among women in the 
beginning of screening, the age cohort 23–25 years, the attendance rate has 
been almost 100% in the Region of Örebro County since 2013. However, 
a successive decline in participation the older the women get resulted in an 
attendance rate of 73.7% among women 51–60 years of age in 2018. The 
reason for this is not clear. 

The fact that almost 100% of cervical cancers are induced by HPV 
infections is well accepted as is the fact that most cervical cancer evolves 
with a progression from low-grade squamous intraepithelial lesion (LSIL) 
to high-grade squamous intraepithelial lesion (HSIL) and further on to 
established cancer (5, 15). The time for cervical cancer to become manifest 
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is also rather long, most often over one or two decades (16), which makes 
it possible, by regular screening test, to intervene in an early phase of 
dysplasia by surgical removal, to prohibit the evolvement of manifest 
cervical cancer (17). HPV infection is a sexually transmitted infection and a 
majority of women are infected at some point during their lifetime. Many 
HPV infections clear spontaneously, but if the infection persists, the risk of 
developing cervical cancer arises (18, 19). There are four major steps in 
progress to cervical cancer, such as when HPV infects the metaplastic 
epithelium in the transformation zone (TZ) of the cervix, when the virus 
becomes persistent instead of being cleared, the progression from 
persistently infected epithelium to precancerous lesions, and finally, the 
invasion through the basement membrane of the epithelium (20).  

Risk factors can affect the susceptibility of getting an HPV infection and 
cofactors can increase the risk of a transient HPV infection becoming 
persistent and further evolvement of HSIL and cancer taking place, but they 
are not critical determinants. Not attending screening is by far the greatest 
risk for getting cervical cancer. For acquiring HPV, the number of sex 
partners is the most important risk, where condom use can lower the risk. 
Women with human immunodeficiency virus (HIV) and other 
immunocompromised women are more likely to develop persistent HPV 
infection that can progress (more rapidly) to precancerous lesions and 
manifest cervical cancer. Also, tobacco smoking, parity (increased risk with 
higher parity), long time use of oral contraceptives and coinfection with 
other sexually transmitted agents are some known cofactors (3, 4, 16, 18).  

Today there are well known, effective interventions, both primary (HPV 
vaccination) and secondary (screening and treatment of precancerous 
lesions), which could reduce both the incidence rate and mortality rate of 
cervical cancer (21). Policymakers around the world need to realize what 
can be done to lower the incidence of cervical cancer and take actions and 
educate the population on risk factors for cervical cancers as well as 
facilitating screening and vaccination to be carried out. The WHO is 
working towards eliminating cervical cancer as a public health problem, 
where the proposed threshold of cervical cancer is four cases per 100,000 
woman-years. The strategy states that 90% of girls should be fully 
vaccinated with HPV vaccine by the age of 15 years, 70% of women should 
be screened with an HPV test at ages 35 and 45 years, and 90% of women 
with identified precancerous lesions as well as cancer should receive 
treatment (Draft of global strategy towards eliminating cervical cancer as a 
public health problem, WHO, 16 December 2019).  
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Prevention 

Primary prevention 
Primary prevention aims to prevent disease. This is done by protecting 
people from exposure to factors that can lead to disease. The public health 
goal in preventing cervical cancer is to reduce HPV infections, since a 
persistent infection with HPV can cause cervical cancer. Interventions with 
this aim should include information about HPV infection and its modes of 
transmission, sexual education, health education and warnings about 
tobacco use, and foremost, prophylactic vaccines targeting HPV (22).  

Secondary prevention 
The aim to interrupt disease evolvement by identifying and treating early 
stages of a disease is secondary prevention, also called early detection. In 
this context cervical screening aims to identify women at risk for developing 
cervical cancers by identifying women with precancerous lesions in an 
asymptomatic phase, and treat as needed before the progression to invasive 
cancer occurs (22).   

Tertiary prevention 
Tertiary prevention can be treatment of invasive cervical cancer or seeking 
to limit disability and promote rehabilitation. Depending on diagnosis, 
options are surgery, radio-chemotherapy and chemotherapy as well as 
palliative care (22).  

HPV vaccination – primary prevention 
HPV prophylactic vaccines contain L1 virus-like particles (VLP) and 
produce neutralizing antibodies, which foremost prevent the HPV virus 
from entering the cell. Vaccination virtually gives seroconversion in 100% 
of the vaccinated individuals if following the vaccination scheme. This is 
much higher compared to a natural infection that gives protection in only 
about 50% of individuals after clearance (23). The main effect of the 
vaccines is protection against infection with any of the HPV genotypes 
included in the vaccine, but cross-protection to some other HPV genotypes 
have been seen. Since HPV infection is a sexually transmitted infection, 
optimally the vaccination should be given before sexual debut. Studies have 
shown that the vaccines are effective in reducing cervical disease and genital 
dysplasia (24-28). The vaccines, however, have not previously showed effect 
on treatment of pre-existing HPV infections or on treatment of HPV-
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associated disease. Yet, later studies indicate that vaccines can prevent 
reinfection or reactivation of HPV infections with HPV genotypes included 
in the vaccine (29). In addition, some studies with limited numbers of 
participants show evidence that administration of HPV vaccine after 
treatment for dysplasia reduces the risk of recurrence (30, 31), and larger 
studies are ongoing in Great Britain and the Netherlands. Today there are 
three HPV vaccines licensed for use (32), and also several generic vaccines 
in clinical trials. In many European countries, HPV vaccination is included 
in the general vaccination programme and in Sweden, it is included in the 
school vaccination programme. Even though there are promising results of 
reducing the cervical cancer incidence to an even greater extent in the future, 
not all HPV genotypes are included in the vaccines; nor do all women get 
vaccinated. Therefore, for some decades more we will still have women who 
have not been subjected to organized vaccination. During the years to come, 
when more women in the screening ages will be vaccinated, the screening 
programme needs to meet the demands on an appropriate algorithm for 
whom to screen and when.  

Screening – secondary prevention 
Screening is a systematic examination of a population to identify individuals 
with early disease or at risk of disease development. The WHO criteria for 
effective screening were set out by Wilson and Jungner in 1968 (33), and 
these are still applied today and include the following main statements: 

• The natural history of the disease should be understood, there 
should be a latent stage of the disease and the disease should be an 
important health problem. 

• There should be a suitable screening test that is possible to offer to 
those intended to screen, a test acceptable to the population, and a 
test that is sufficiently accurate and reliable. 

• There should be a known and effective treatment for the disease 
and there should be a policy of whom to treat. 

• The harm and cost associated with detection and treatment of the 
disease at a latent or early phase should be less than if no screening 
was carried out. 

The National Board of Health and Welfare in Sweden use 15 criteria 
originating in the international criteria stated above, to assess whether 
screening is suitable (34), and is responsible for stipulating new screening 
programmes as well as evaluating the effect of screening programmes with 
regard to these criteria. With organized screening, the entire screening 
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population receives an invitation to participate at a set time and place. 
Introduction of an HPV-based screening programme is ongoing in many 
regions in Sweden, as well as in many countries in the world, since it is 
superior to cytology as primary screening routine. Still, important work has 
to be done continuously to secure the coverage rate of women attending the 
screening programme. The benefits from a screening programme are only 
achieved if every step of the process is optimized, such as information, 
invitations, sampling as well as performance of the test, follow-up, and if 
necessary, treatment procedures. The programme only protects women 
attending, and when they participate, the screening programme gives the 
women nearly 90% protection from cervical cancer. In addition, for women 
diagnosed with a cervical cancer in the screening programme, the survival 
rate is higher (92% vs 66%) (35).  The primary aim of cervical screening is 
to find precancerous lesions. The secondary aim is to find and downstage 
invasive cancers, meaning finding cancer at the earliest stage possible, rather 
than when the woman seeks health-care due to symptoms.   

Cytology-based cervical screening 
Organized cervical screening has led to a well-documented effect on 
morbidity and mortality in Sweden (36), as well as worldwide (37). It is well 
known that cervical cancer of squamous epithelial origin evolves with a 
progression from LSIL to HSIL and further on to established cancer, and 
adenocarcinomas have precancerous stages with atypical glandular cells 
(AGC) and adenocarcinoma in situ (AIS). This makes it possible to intervene 
in an early phase of dysplasia by surgical removal, to prohibit the 
evolvement of manifest cervical cancer. The screening programme is based 
on the possibility to take a sample from the cervix with a small brush from 
the cervical canal and a spatula from the portio. The sample is then analysed 
with cytology to discover early stages of cervical abnormalities, prior to 
established cervical cancer.  

Initially, women up to 69 years of age were included in the screening 
programme in the Region of Örebro County, but this changed during the 
1990s to include women aged between 23 and 60 years, since evaluations 
argued for lack of cost-effectiveness for the older women at that time (38). 
Even though cervical screening has been in place in Sweden since the 1960s, 
and it has become evident that the incidence of the disease has declined (39),  
there have still been around 460 cervical cancers diagnosed in Sweden yearly 
for several years (14). National audits show that women not attending 
screening are more likely to be diagnosed with cervical cancer as well as 
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being diagnosed at a more advanced stage (1, 35, 40). For many years the 
incidence was stable, but in recent years cervical cancer cases have increased 
to approximately 550 per year in Sweden (14). With a rise in incidence being 
seen among participating women, concerns have been raised about reduced 
effectiveness of the cervical screening programme. Data report that the most 
significant increase is among women with a prior screening sample with 
normal cytology (2). However, no clear reason has been stated, and possible 
causes are being investigated. The screening programme with cytology has 
considerably lowered the incidence of cervical carcinomas but not to the 
same extent the incidence of adenocarcinomas (36, 41). 

HPV-based cervical screening 
Until recently, cytology-based screening has been the gold standard both in 
Sweden as well as internationally. In Sweden a new screening algorithm was 
adopted in 2015, where women’s screening samples are analysed for HPV, 
and only analysed with cytology as a triage if found to be HPV-positive. 
This is a recommended regime from the WHO, the EU and the Swedish 
National Board of Health and Welfare. The new recommendation in 
Sweden includes screening of women up to 70 years of age and recommends 
screening tests every third year for ages 23–49 years, and every seventh year 
from 50 years and a last sample after turning 64 years of age. Primarily 
HPV screening is recommended from age 30 years, whereas cytology as 
primary screening continues between ages 23 and 29 years (13) due to the 
high prevalence of transient infections in younger women (42-44).  

To ensure that HPV as a screening method is as accurate as cytology, the 
15 screening criteria were evaluated by the Swedish National Board of 
Health and Welfare. Not sufficiently fulfilled criteria were the HPV test 
acceptability to the population, how the attendance rate would be affected 
with a new screening method and how to monitor HPV-positive women in 
case of no sign of dysplasia. Thus, the screening programme must be 
monitored carefully. Currently, around half of the Swedish counties have 
transitioned from cytology-based screening to HPV as primary screening 
method, and the Region of Örebro County was the first to make the 
transition.  

The evidence shows that the benefits of primary HPV screening are 
earlier detection of precancerous lesions and decreased risk of cervical 
cancer (9, 10). Evidence also supports a finding that adenocarcinomas are 
derived from HPV as well (45) and that HPV as the primary screening tool 
would detect these more efficiently (46, 47). Other advantages of HPV 



LOVISA BERGENGREN Cervical screening with primary HPV  
 

19 
  

screening are that it is automated, objective and not reliant on manual 
evaluation, as is cytology assessment. However, although HPV tests are very 
sensitive compared to former cytology screening, they are less specific (7, 
47, 48). In Sweden, this has led to recommendations for HPV screening 
followed by triage with cytology assessment on HPV-positive samples, to 
reach a higher specificity in the screening programme (49, 50). Also, HPV 
screening needs to be repeated at set intervals, both because a woman can 
get new infections during her lifetime and because of the fact that an HPV 
infection is not always detected (18) (see section on latency). Widely 
accepted for HPV screening are the 14 high-risk HPV (hrHPV) types: HPV 
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68 (51), but test assays 
differ. Currently there is limited data on optimal triage strategies for HPV-
positive women, which is a critical component of an HPV-based screening 
programme.   

Self-sampling 
When HPV testing is the recommended screening method, the possibility of 
self-collected samples is appealing, considering that many reports have 
shown that this increases participation (52-58). Self-sampling is when the 
woman samples herself using a vaginal device, possible for analysing for 
HPV but not for cytological evaluation. Studies with self-sampling report, 
for example, less discomfort, less shame and more privacy (59). Still, many 
studies show that women are concerned with the accuracy of self-sampling 
and that the confidence is higher with professional sampling; nonetheless, a 
preference for future screening with self-sampling is reported by 66%-88% 
of participants (59-61). Many countries also now recommend self-sampling 
for screening non-attenders, and some advocate self-sampling for primary 
screening. However, data on the accuracy of HPV testing comparing self-
collected samples to professionally collected samples have been missing. 
Not least in postmenopausal women this is of great interest, since 
hypothetically many factors can hamper the test quality in this group, such 
as atrophy and anatomical changes with retracted TZ, as well as the 
capacity to perform the test accurately (62, 63).  

Negative effects of screening 
The benefits of screening must outweigh the harms, which need special 
attention when testing a large population of healthy women to prevent 
disease in a few. The negative effects may be of psychological character as 
a consequence of a positive test result (abnormal smear), which is discussed 
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even more with HPV screening due to its nature of transmission by sex. 
With a negative test, women might well neglect symptoms further on, due 
to a misinterpretation of a negative test to mean no risk of cancer as 
compared to low risk. A positive screening sample, also discussed especially 
with HPV screening due to lower specificity, may lead to unnecessary 
investigations with colposcopy, treatments and costs, since most HPV-
positive women have not developed dysplasia. Excision procedures can lead 
to infections, bleeding and cervical stenosis, hampering adequate sampling 
as follow-up (64), though one should bear in mind that these side effects are 
moderate compared to the potentially fatal cancer. Also discussed is 
whether cervical stenosis in postmenopausal women could lead to a delay 
of endometrial cancer diagnosis, if the symptom of bleeding were not 
discovered. However, there are no studies to our knowledge to support this. 
Furthermore, overtreatment of non-progressive precancerous lesions, 
especially in women <35 years of age, can lead to further risk of negative 
obstetric outcome with preterm birth, depending on depths and repeated 
excisions (10, 65). When making screening recommendations for further 
HPV testing, data on potential harms need to be monitored. This includes 
both the number of cell samples taken, referral rate for colposcopy, biopsies 
and treatments, and adverse effects of these interventions, as well as health 
issues due to a positive or negative test result, regardless whether true or 
false (64).  

Cervix 
To analyse cervical smears for cytology the samples need to be accurate, 
with cells representative of the TZ of the cervix where the cellular dysplasia 
occurs and where the transition to cancer takes place (15, 66, 67) (Fig. 1). 
The TZ is an anatomical site of partially squamous, partially columnar and 
partially metaplastic epithelium, which lies between the original and the 
new squamocolumnar junction (SCJ). The SCJ on cervix is the anatomical 
site where the squamous epithelium that covers the outer part of cervix 
meets the glandular epithelium that is situated from this site and up in the 
uterine cavity. Before puberty, the original SCJ is located far up in the 
cervical canal and is not so accessible for collecting smears, but during the 
fertile period of a woman’s life, due to the amount of oestrogen, the 
columnar epithelium is everted. The SCJ is exposed to the acidic vaginal 
environment, metaplasia of the columnar epithelium takes place, and a new 
SCJ is established. When the TZ is exposed during this fertile time period, 
infections can take place. During menopause, SCJ and TZ are retracted and 
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the risk for infection with HPV is discussed to be lower, but the TZ also 
becomes more inaccessible for sample taking (67, 68). During this period 
the epithelium also becomes more atrophic (62), which affects the 
possibility to correctly diagnose, due to fewer epithelial cells and with the 
risk of difficulties in analysing the cells correctly (63, 69). Infection with 
HPV is also very common at other genital sites, but HPV-related cancers 
are less prevalent due to the lack of TZ at these sites.  

 

Figure 1. Anatomy of the cervix with retracted TZ. 

Cytology 
The traditional screening method in use has been cell sampling from the 
cervix with analysis by a cytotechnician of Papanicolaou stained cytology 
(Pap smear) on glass slides (70). With this method, sensitivity has been 
around 50% and specificity just over 90%, but numbers have varied in 
different studies published (71). In Sweden, the cervical screening 
programme has reduced the incidence of cervical cancer, even though the 
test method with cytology has a low sensitivity, by repeating the test at 
relatively frequent intervals.  

The screening techniques in the laboratories have developed, and in 
recent years, the cervical samples are deposited in a preservative liquid, 
called liquid-based cytology (LBC). This technique was implemented after 
the screening programme started and has made it easier to analyse cytology 
samples more adequately due to better samples with more preserved cell 
material, not least among the older cohort (72) according to some, while 
others still report limited performance in this group (73). LBC is reported 
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to improve detection of glandular disease (74). Some studies also find the 
LBC to be more sensitive in finding dysplasia but not higher than 
approximately 70% (71, 75). However, there are varying results reported 
from different resource settings and regions with different incidence 
numbers of cervical dysplasia, some also stating no difference in sensitivity 
between the two methods (76).  There is a big advantage in the LBC 
technique, as it enables HPV testing, thus making it possible to analyse 
hrHPV, and if positive in this test, use the same sample to analyse the cells 
for atypia as a triage and thus increase the specificity of the HPV screening 
method. The LBC technique is the recommended method for both cytology 
and HPV screening by the Swedish National Board of Health and Welfare. 
In addition to the possibility of taking one cell sample that can be analysed 
with different techniques, yet another great advantage is the opportunity to 
store what remains of the cell sample, in the Swedish Cervical Cytology 
Biobank (SCCB) for further analysis and possible research (77).  

In the Region of Örebro County the LBC method used is ThinPrep 
(Hologic, Marlborough, MA, USA) cytology, and slides made are assessed 
by experienced cytotechnicians certified by the international academy of 
cytology (IAC). Slides are classified according to the international Bethesda 
classification system with atypical squamous cells of undetermined 
significance (ASCUS); atypical squamous cells, cannot exclude high-grade 
lesion (ASC-H); LSIL, HSIL, squamous cell carcinoma, AGC, AIS, or 
adenocarcinoma (11, 78). The Region of Örebro County is one of the nodes 
in Swedish biobanking, with biobanked screening samples since 2012.  

Histology 
A histological biopsy from the cervix is to ensure that actual dysplasia is 
present and to determine the grade of intraepithelial neoplasia. Former 
classification of cervical intraepithelial neoplasia (CIN) grades 1-3, 
corresponding to mild, moderate and severe dysplasia, has been replaced 
nationally by the Bethesda classification system both in histological and 
cytological nomenclature. Still, some HSILs are specified as CIN 2 or CIN 
3 to differentiate the lesions one can refrain from treatment immediately. 
Most CIN 2 regress spontaneously, especially in women under age 30 (16, 
79). CIN 2 is discussed as subjective, poorly defined lesions with a mixture 
of regressing, persistent and progressing lesions, which are being over-
treated, and in need of standardization (16). Both cytology and histology 
assessments show, to some extent, existence of disagreement with both 
inter- and intra-observer differences (80).  
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Virological, molecular and clinical evidence demonstrates LSIL as 
generally being a transient infection with HPV, also called productive 
infection (18), while HSIL is more often associated with viral persistence 
and higher risk for progression, also known as transforming infection (16, 
78). The histopathological changes in precancerous lesions are 
characterized by abnormal cellular proliferation and maturation, together 
with nuclear atypia. In LSIL, koilocytosis (cytopathic effects of HPV) is 
often seen, and the changes are present in the lower third of the epithelium. 
HSIL is perceived as a denser structure and has more irregular nuclei in the 
cells, has changes occupying the epithelium to a greater extent and can be 
present through the full thickness of the epithelium. A distinction between 
histological HSIL and cervical cancer is the invasion of the basement 
membrane when a cancer has developed.  

The cervical cancers consist of mainly epithelial tumours, where 70%–
90% are squamous cell carcinoma typically evolved in the TZ, around 
10%–20% are adenocarcinoma derived from the endocervix and the rest 
are adenosquamous carcinomas and other epithelial carcinomas (11).  

Colposcopy, biopsy and treatment of precancerous lesions 
Colposcopy provides illuminated magnification of the cervix and is the 
standard method for further investigation when findings show abnormal 
screening results, either with a positive hrHPV and/or atypical cytology. The 
aims of a colposcopic examination are to define the TZ and localize lesions 
in tissue to target for the punch biopsy sampling for further 
histopathological diagnosis that can confirm or reject suspicion of 
precancerous lesions and monitor regression or progression of these. 
Colposcopy is also used when treatment of a precancerous lesion is needed 
and a cervical excision biopsy is carried out, most often by loop 
electrosurgical excision procedure (LEEP). LEEP is a procedure whereby a 
small electrical loop is used to remove the precancerous lesion, a cervical 
excision biopsy, with the aim of preventing further disease development 
(11). This is also referred to as a cone biopsy, or conization. The 
standardized screening score for evaluation of colposcopy findings in use in 
Sweden is the Swede score system, to increase the accuracy of where biopsies 
are taken (81, 82). During menopause the TZ and the SCJ are often 
retracted, and assessment of the TZ is not possible, leading to difficulties in 
biopsy sampling. This is why national recommendations sometimes 
advocate for diagnostic LEEP.  
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Human papillomavirus 

HPV genome organization 
Papilloma virus (PV) is a small virus consisting of a circular double-stranded 
deoxyribonucleic acid (DNA) structure with only eight genes that is highly 
specific for its host species. The DNA is wrapped in a protein composed of 
two capsid proteins, L1 and L2 (L = late). The L regions express structural 
proteins and are responsible for maturation and assembly of the virus 
particle. The virus also consists of early (E) genes known as E1, E2 and E4–
7, which are responsible for viral DNA replication, transcription and 
transformation. The third region of the virus is the long control region 
(LCR) that regulates viral gene expression and replication (Fig. 2).  

PVs are found in mammals, birds and humans. Papillomavirus types 
found in humans are the HPV, which are divided into five genera: α-, β-, γ-, 
μ- and n-papillomavirus based on DNA sequence analysis in the viral L1 
gene (83). The International HPV Reference Center controls potential novel 
HPV types to classify and assign numbers. HPV types belonging to different 
genera share less than 60% sequential similarity, while different HPV 
species within a genus share between 60% and 70% similarity, and a 
specific HPV genotype has less than 90% sequential similarity to any other 
HPV genotype (84). On the International HPV Reference Center’s webpage, 
one can see that 227 human HPV types have been confirmed as of 2019, of 
which about 40 infect the anogenital region. The HPV genotypes infecting 
mucosa belong to the α-genera. These HPVs can be further subdivided into 
high- and low-risk types, depending upon the degree of association to 
human malignancy, in this thesis, cervical cancer (85). HPV can also cause 
cancer in other anogenital tracts (vagina, vulva, penis and anus) and in the 
oropharynx (4, 19).  
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Figure 2. A schematic presentation of the HPV-16 genome. 

HPV genotypes 
The International Agency for Research on Cancer (IARC) have classified 12 
HPV genotypes (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59) as 
carcinogenic in humans (Group 1), one (HPV 68) as probably carcinogenic 
(Group 2A) and seven (HPV 26, 53, 66, 67, 70, 73 and 82) as possibly 
carcinogenic (Group 2B) (85). This is a re-evaluation where HPV 66 not 
long ago, by the IARC, was classified as carcinogenic. HPV that is 
associated with cancer development is referred to as hr-HPV, while low-risk 
HPV (lr-HPV), which may cause genital warts, normally is not found in 
cervical cancer (85). Different HPV types have different characteristics in 
prevalence and persistence as well as carcinogenic potential. The two types 
that together cause 70% of cervical cancers in the world are HPV 16 and 
HPV 18 (86-89). HPV 16 is most frequently connected to squamous cervical 
cancer (87, 88), and HPV 18 with adenocarcinoma (45). Data indicate that 
HPV genotypes differ between different age cohorts (90), among 
precancerous lesions as well as manifest cancers (91).  
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HPV prevalence 
Most sexually active individuals will acquire at least one genotype of 
anogenital HPV infection in their lifetime, and both men and women can 
be asymptomatic carriers of an HPV infection. A global estimate of HPV 
indicates that prevalence among women in the general population is 
approximately 10%, even though it varies between continents, populations 
and age groups (86, 92). HPV prevalence rises rapidly in the years following 
sexual debut, with the highest prevalence in the young age group, followed 
by a decrease in middle age, probably reflecting reduced risk of exposure as 
well as the addition of developed natural immunity after an infection, viral 
clearance or inactivation. In some populations, there is a bimodal 
distribution of prevalence of HPV infections, where an increase in sexual 
partners and new partnerships later in life may contribute to a second 
cervical HPV prevalence peak observed in middle ages (93), but may also 
be explained by reactivation of latent HPV infections (94). Prevalence 
numbers also differ between different genotypes and the most important 
genotype for cervical cancer development, HPV 16, is responsible for only 
20% of the infections, but causes 40% of the HSILs and approximately 
50% of the cervical cancers (18). The prevalence of infection with HPV 
types among older women has not been extensively studied. Studies on HPV 
prevalence including older women include mostly women between the ages 
of 55 and 65 years, and results vary from just below 5% to just over 10% 
(90, 95-100).  

HPV infection 

Transmission and transformation 
HPV transmission requires intimate contact between skin and skin, skin and 
mucosa, or mucosa and mucosa. Transmission is primarily by sexual 
intercourse, vaginal, oral and anal, as well as by autoinoculation 
anogenitally, but unlikely by hand to genital contact (101, 102). Thus the 
whole anogenital epithelium can be affected, but the TZ are especially 
susceptible to carcinogens (16). HPV is highly infectious, with an incubation 
period of 3 weeks to 8 months, or even more.  

Spontaneous regression occurs in 80%–90% of the infections and hrHPV 
infection clears most often between 12 and18 months (103-105). HPV 
transmission is higher from female to males than vice versa (106). Risk for 
HPV transmission increases with frequency of sexual intercourse, HPV viral 
load and lack of condom use (risk decreases when a condom is used) (16, 
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107). Estimations show that 14% of genital HPV infections are from recent 
unprotected sex (108). HPV transmission is very complex, though, and it is 
difficult to know when and how one gets infected; studies have also shown 
vertical transmission from mother to child during and after pregnancy (102).  

Time between transmission and transformation to cervical cancer takes 
at least 10-20 years (16), with few exceptions. Most cervical cancers arise 
at the TZ, and this process is argued to start in the cervical reserve cells or 
in the cuboidal cells, target cells for HPV (15). Infection can take place when 
microscopic damage in the preferred epithelium occurs, which gives the 
HPV access to the basal layer, and by means of L1 and L2 the virus enters 
the basal cells and is internalized into the host cell. The virus DNA then 
divides within the cellular DNA, where E1 and E2 promote replication using 
the host replication system, and migrate upwards to the epithelial superficial 
layer and increase in numbers. At the same time, the epithelial cell 
differentiation is delayed and less complete, since the HPV virus, by means 
of E6 and E7, stimulate the host cell to re-enter the cell cycle, which enables 
the virus DNA to replicate increasingly by using the host cell’s replication 
system. These are present when an lrHPV self-limiting productive infection 
is established, but also in hrHPV infections, since the key function in all 
HPV infections is to stimulate cell cycle re-entry in the epithelial layers to 
allow amplification of the genome, rather than promote basal cell 
proliferation.  

When an hrHPV is integrated into the host cell, the HPV genome loses a 
part of the E2 gene, which results in even higher expression of E6 and E7 
with subsequent increase in viral copy number, and increased risk of 
developing neoplasia. This occurs by means of E6 proteins that inhibit the 
p53- mediated apoptotic response and DNA repair and E7 proteins that 
inactivate pRb with further uninhibited cell cycle progression as a result. 
Both mechanisms result in tumour progression and carcinogenesis. E6 and 
E7 proteins are involved in lesion formations in lrHPV infections as well, 
but do not drive cell proliferation to the same extent; rather, they regulate 
cell cycle entry in the upper epithelial layers. In the upper layers of the 
epithelium, L1 and L2 are produced and viral particles are formed and can 
be released, and further transmission can take place (83, 85, 109). Infection 
with hrHPV is necessary for developing HSIL, whereas LSIL may also be 
caused by lrHPV (5, 109, 110). 

A paper published in 2019 by Doorbar and Griffin describes, in contrast 
to earlier beliefs, the transformation into cancer by three different routes in 
the cervix (Fig. 3). Still, persistent hrHPV and the deregulation of viral gene 
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expression are the risks in common, but not all cancers progress from LSIL. 
Persistent hrHPV in the ectocervix is suggested to be slow to progress from 
LSIL to HSIL and then cancer, while infection of the columnar epithelia 
adjacent to the SCJ, where metaplasia can occur, has a faster process and 
higher cancer risk but not necessarily a progression step with LSIL before 
HSIL and cancer. A third way of cancer progression occurs where hrHPV 
infects columnar cells of the endocervix, where only a single layer of 
columnar epithelia exist with no capacity to support productive LSIL (15).  
 

Figure 3. HPV infection’s various sites in the cervix and its consequences. 

Reproduced with permission from Elsevier Ltd.  (15) 

Persistence 
Most genital infections with HPV are transient, with highest clearance 
among younger women (42-44), but some data support a finding that 
regardless of the women’s age, a newly acquired infection was associated 
with low absolute risk of persistence and of HSIL+ disease (105, 111).  
Relatively new, although small studies, on women >60 years of age have 
shown just over 60% HPV persistence after 3.5 months (112) and about 
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55% HPV persistence after 5.5 months (113), indicating the continuing 
clearance even in elderly women. The longer an infection lasts, the higher is 
the likelihood that it will continue to persist (105). The definition of 
persistence varies both between studies and also between oncogenic types 
and nononcogenic types, but noticeable is that many researchers count 12 
months of the same detectable HPV genotype as persistence. A large meta-
analysis concluded that median duration of any HPV was less than 12 
months among women with normal cytology (114). Long-time persistence 
is seen in approximately 10% of all cases (18, 20). Individuals with 
persistent type-specific hrHPV infection are at a substantial risk of 
developing precancerous lesions, and all women with persistent hrHPV 
developed CIN 2+ in a study with 7-year follow-up (115). HPV 16 is the 
most likely to become persistent (114, 116), which partly explains why 
around 50% of cervical cancers are due to HPV 16.  

Persistence can proceed because the virus expresses low levels of antigens 
in the basal epithelial cells, especially in productive low-grade disease, which 
makes it harder for the immune system to detect, and the long-term 
shedding of virus particles from the epithelium can proceed (19). HPV-
induced cancers are caused by persistent deregulated viral gene expression. 

Latency 
Discussions internationally are ongoing concerning transient HPV 
infections and the persistence, latency and clearance of the infection (117). 
There is evidence that what are believed to be new infections among older 
women may be reappearance of past infections, so-called latent infections 
not detected in the laboratories. The reactivation of the virus may be due to 
weakened immune response (16, 94, 118). These infections could, of course, 
also be acquired through new sexual activity by the woman or the woman’s 
partner (16, 94, 118). Findings support the idea that HPV can establish 
latency in the human cervix, and further discussed is the risk associated with 
a latent HPV infection, which so far remains rather uncertain (119). Some 
studies show that when lesions of HPV infections are cleared, there is 
genome maintenance in the absence of viral antigen expression, which 
means the infection has become latent. A change in immune status would 
allow viral copy numbers to increase and the latent infection to be 
reactivated (Fig. 4) (19).  
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Figure 4. A model of papillomavirus latency following immune regression. 

Reproduced with permission from Elsevier Ltd. (19) 

Immune response 
Most HPV infections do not persist long enough for deregulated viral gene 
expression to take place or for secondary genetic errors to occur, due to cell-
mediated immune response. However, the characteristic of an HPV 
infection is its ability to evade innate immune response. This is done when 
the viral productive life cycle takes place intraepithelially, thus without 
viraemia, or viral-induced cytolysis or associated inflammation, and the 
productively infected cells are shed from the epithelial surface (83). As a 
result of the low virus titres the infections require at the basal lamina and 
also because the virions are produced in the upper epithelial level, the 
humoral immune response is lower during a natural infection than when 
vaccination with VLP induces antibody response (19).  

Test for the detection of HPV 
An HPV test suitable for HPV primary screening should have high clinical 
sensitivity, but also other fundamental characteristics are favourable, such 
as high throughput capacity, costs, applicability on self-samples and the 
possibility of triage testing with genotyping (51, 120). HPV tests are very 
sensitive compared to former cytology screening, but are less specific (7, 47, 
48). The methods to detect HPV are assays to detect either hrHPV DNA or 
messenger ribonucleic acid (mRNA). Initially DNA methods were the 
preferred screening test, with many DNA tests on the market that fulfilled 
the criteria for being used in primary HPV screening, but results now show 
that one mRNA test, HPV Aptima, is as accurate (121). Studies show that 
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mRNA-based methods even seem to be more specific than DNA-based 
assays (122). This is due to mRNA tests’ ability to detect E6/E7 expression 
that only occurs in actively infected cells and that DNA tests only 
discriminate between presence and absence of HPV infection and lack the 
possibility to distinguish whether the infection is active or potentially 
transforming. Included in the HPV assays available at the market are most 
often the 12 cited Group 1 hrHPV by IARC (HPV 16, 18, 31, 33, 35, 39, 
45, 51, 52, 56, 58 and 59). In addition to mentioned genotypes, other 
hrHPV may be included to varying extents in other tests on the market. For 
the primary screening in the Region of Örebro County, the mRNA test 
Aptima is used, an assay that also includes HPV 68 from Group 2A and 
HPV 66 from Group 2B.  

Screening triage  
HPV screening has a very high negative predictive value (NPV), but even 
when screening with mRNA test, the specificity needs to be improved. At 
this point secondary prevention relies on subjective interpretations of 
cytology, colposcopy and biopsy. A greater colposcopy referral rate is 
assumed in models for HPV as primary screening, even if cytology triage on 
positive samples increases the specificity of a positive test to some extent 
(10). It is critical to avoid unnecessary colposcopy referral and associated 
harms while maintaining high sensitivity for cervical precancerous lesions. 
Biopsy interpretation of CIN 2 is subjective, with inter- and intraobserver 
disagreement as mentioned, and the threshold for treatment of HSIL, CIN 
2+, is set conservatively to avoid not treating possibly progressive lesions; 
therefor risk for overtreatment also exists (79). How to manage hrHPV 
positivity with negative cytology is also still a challenge, not the least among 
older women where cytology has shown limited value (123).  

So biomarkers are needed to reliably distinguish infections as transient 
productive or persistent progressive. HPV genotyping and, for example, 
classifying the resulting genotypes into risk groups, regarding how to 
clinically follow the hrHPV-positive women, are debated thoroughly. 
Different genotypes are held as most important, such as 16, 31 and 33, by 
Cuzick et al. (124, 125), 16, 18, 31 and 33 by Bonde et al (126), and a 
multicentre randomized controlled trial found HPV 33, 16 and 35 to be the 
genotypes most strongly associated with HSIL (127). Genotyping specifying 
HPV 16 and 18 separately is the most discussed strategy, due to their higher 
risk of cancer development, and is recommended in the updated Swedish 
national programme (128).  
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Further options for triage that are used, or are studied, alone or in 
combination are: observation, repeat HPV testing, cytology, genotyping for 
16/18, p16/Ki-67 dual-stain- on cytology, genotyping beyond 16/18, viral 
load and methylation - both viral and host. Methylation of human genes is 
strongly associated with precancerous lesions and cancer (129), but is not 
implemented in any screening programme at present. Triage with p16/Ki67 
dual-stain shows significantly higher cumulative 5-year risk of HSIL+ 
compared with abnormal cytology results. Also with dual-staine negative 
results the 5-year risk of HSIL+ was significantly lower (130-132), and it is 
a method that can be used on cytology and histology samples. Substituting 
cytology with a dual-stain triage approach improved disease detection as 
well as the colposcopy detection rate, whereas extending genotyping beyond 
16/18 resulted in increased disease detection, but at the expense of higher 
colposcopy ratios (133). Since the population entering the screening age will 
now be more vaccinated, a study has showed that screening in these cohorts 
mostly will lead to overdiagnosis (134), which puts the need of effective 
triage strategies even higher on the agenda.  

Health economics 
Health economics is the use of economic theory, models and empirical 
methods for analysing the costs and consequences for individuals, health 
care providers and governments following from alternative decisions with 
regard to health and health care. In screening, all costs associated with 
detection and treatment of the disease at a latent or early phase should be 
less than if no screening was carried out (33), or, if not, the health gain from 
screening should be considered to be worth the increase in costs. The cost-
effectiveness analyses (CEA) allow for estimating costs and effects (i.e. 
benefits and harms) of one intervention compared to another intervention 
or the status quo. CEA results are commonly presented in terms of an 
incremental cost-effectiveness ratio (ICER). The ICER estimates the 
differences in cost divided by differences in effect between the two 
programmes being compared (135). While costs are described in monetary 
units, effects can be described in terms of either a composite health metric 
(commonly quality-adjusted life years, QALYs) or an intermediate outcome 
of interest, related to health, in this case the detection of HSIL+. When the 
outcome measure is presented in, for example, QALYs, the analysis is often 
referred to as cost-utility analysis (CUA). The ICER presents the results in 
costs per QALY, and cost-effectiveness can be compared across different 
health areas when setting priorities. When effects are expressed as an 
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intermediate outcome, the costs of achieving this specific effect is compared 
between strategies aiming at the same effect. This means that the resulting 
ICER can only be used to estimate the relative cost-effectiveness in achieving 
that specific effect for the strategies included in the analysis. In this thesis, 
the focus is to compare a cytology-based screening programme to HPV as 
primary screening method from a health care perspective. Costs for 
screening tests and clinical examinations are estimated for each programme, 
and the primary outcome is the number of HSIL+ cases identified. 

The screening programme was introduced in an era when cytology was 
the gold standard and HPV screening was still in the future. Data on the 
cost-effectiveness of implemented HPV screening programmes are not well 
explored, and most data are derived from models with different methodologies 
than those in clinical practice in Sweden (136-138), but support cost-
effectiveness of HPV screening. In Australia an effectiveness modelling and 
economic assessment study on cervical screening predicts that primary HPV 
testing with partial genotyping for HPV 16/18 every five years would be a more 
cost-effective strategy compared to cytology screening every two years as 
stipulated in the prior screening strategy (139). The cervical screening 
programme with HPV as primary method implemented in parts of Sweden now 
needs to be evaluated when implemented in organized screening programmes 
concerning clinical effectiveness and health economics. Since countries around 
the world have different screening strategies, their own economic aspects and 
different coverage as well as varying cervical cancer incidence, the cost-
effectiveness needs to be assessed in every country where a new screening 
strategy, as well as changes in a screening strategy, is implemented.  

Summary 
Cervical screening with HPV was implemented in the Region of Örebro 
County in 2016 after persuasive international evidence of its superior 
effectiveness in clinical trials and after the Swedish National Board of 
Health and Welfare issued the recommendations for HPV as primary 
screening tool. This thesis has been carried out to study different obstacles 
in cervical screening seen in clinical practice among older women and where 
international evidence was missing, to possibly influence, even if so little, 
decisions in cervical screening strategies for the future. When HPV cervical 
screening was started in the region, the possibility to study true effectiveness 
with real world data was also possible, since to our knowledge, no study 
from an implemented programme includes both clinical and health 
economical aspects.  
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Aims 
The overall aim of this thesis was to study different strategies to improve 
cervical screening with HPV analysis, as well as to evaluate the effectiveness 
of implemented cervical screening with primary HPV.  

 
The specific aims of each study were 

I. To investigate whether self-sampled HPV tests are as reliable as 
HPV tests in professionally taken samples for HPV detection 
among post-menopausal women. 

II. To study the prevalence of HPV and the distribution of genotypes 
in an age-specific cohort, women aged 55–59 years, with normal 
cytology when exiting the screening programme, and as well, to 
investigate whether certain HPV genotypes and/or cytology could 
predict cervical histological changes in this particular age group. 

III. To distinguish the prevalence of HPV and the relations to 
histological findings among women 70 years of age, at least 10 
years after exclusion from the cervical screening programme.  

IV. To evaluate the effectiveness of an implemented primary HPV 
cervical screening programme, concerning both detection of high-
grade cervical lesions and costs. 
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Materials and methods 

Study population papers I and II 
All women (n=2973) in Örebro County, Sweden, who exited the cervical 
screening programme with normal cytology according to the current 
national guidelines, between January 1, 2012, and December 31, 2014, 
were invited to participate in studies I and II (Fig. 5). 

Study population paper III 
All women in Örebro County born in 1946 (n=1968) were invited to study 
III, with the exclusion of women who had had a hysterectomy (Fig. 5). 

Study population paper IV 
All women residing in the Region of Örebro County, Sweden, who were 
invited to the organized cervical screening and had their samples taken 
between the years 2013 and 2018 constitute the study population in paper 
IV (Fig. 5). Excluded were women deregistered from the screening due to 
prior hysterectomy or own request, as well as women with a history of 
invasive cervical cancer at inclusion.  

Study design papers I and II 
In studies I and II all women (n=2973) who had exited the screening 
programme with normal cytology in the years 2012-2014 were invited to 
participate in the study, and study I comprised only the women with consent 
to participate in the study and with a positive hrHPV test as exit test. In 
study II all samples were analysed for HPV, both in the group that gave 
consent to participate and in the non-consent group. The samples were 
analysed with a broad-spectrum assay to make it possible to detect both 
hrHPV, (IARC groups 1, 2A and 2B) and lrHPV in order to investigate the 
distribution of genotypes in this age group. All women with hrHPV in the 
exit sample were invited for a follow-up test 7–39 months later and offered 
the option to have a cervical cone biopsy (LEEP) performed to get 
histological confirmation from the cervix. The last follow-up in study II was 
6 months after histological sampling (post cone HPV test). 

In study I all women with hrHPV detected in the biobanked cell sample 
from 2012-2014 (n = 143) were included. They were invited to follow-up 
screening that included professional sampling and self-sampling. HPV 
genotypes were identified by a DNA-based assay that could detect 35 HPV 
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genotypes (CLART ®, Genomica, Madrid, Spain), both hrHPV and lrHPV. 
Findings between the different sampling methods were compared both with 
extended genotyping analysing all 35 genotypes, and also focusing on the 
14 hrHPV types that the Region of Örebro County analyses routinely in 
cervical screening and which internationally are included in many screening 
assays.  

Study design paper III 
All women in Örebro County, born 1946 (n=1968), who had been excluded 
from the cervical screening for at least 10 years, were invited to provide a 
liquid based cell sample with primary HPV screening. Samples were taken 
with cytobrush by midwives and were analysed with HPV Aptima, an assay 
detecting mRNA from 14 hrHPV genotypes. All samples positive for any of 
the included 14 hrHPV were further genotyped with multiplex real time 
PCR test AnyplexTMII HPV28 (Seegene, Seoul, Korea), since the mRNA test 
does not discriminate between genotypes. All hrHPV-positive LBC 
specimens were assessed cytologically by one certified cytotechnician. The 
assessment followed the international Bethesda classification system. 
HrHPV-positive women were offered the option to do a cervical cone 
biopsy (LEEP), for histological verification. Excluded from the study were 
women with prior hysterectomy.  

Study design paper IV 
By using registers from the National Cervical Screening Register (NKCx) 
and Swedish Population Register, women participating in the screening 
programme in the Region of Örebro County at any time in 2013-2018 were 
identified and included in study IV. Evaluation of the new cervical screening 
strategy (September 1, 2016-December 31, 2018) with primary HPV was 
done by comparison with the old screening programme based on cytology 
(January 1, 2013-August 31, 2016) (Fig. 6), by means of comparing the 
outcome of HSIL or invasive cervical cancer detected in histopathological 
examinations (cervical punch biopsies, cervical cell scrape and cervical cone 
biopsies) within 12 months after a screening test. The study also evaluated 
the number of clinical examinations as well as cost implications, and 
compared the two programmes.  
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Figure 6. Flowchart of the old and the new screening algorithms. 

Methodological considerations papers I–IV 
The following section describes briefly the choice of methods in papers I–
IV. Detailed information is found in each research paper.

Professional samples  
All professional samples in papers I–III were liquid based (ThinPrep, 
Hologic, Marlborough, MA, USA), and performed by midwives. In all 
follow-up samples in studies I and II, one experienced midwife took the 
samples.  

Self-sampling  
Concerning the self-sampling device in paper I, a dry brush (Evalyn, Rover, 
Oss, Netherlands), was chosen (140) based on earlier studies that combined 
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this dry brush with broad-spectrum assay with valid results. The self-
sampling kits were given to the women at the follow-up visit with no further 
instructions than the written and illustrated instructions included in the kit 
from the manufacturer.  

DNA extraction 
Papers I–III in this thesis are based on cervical samples, either obtained from 
the biobank in Örebro or collected in the study. The study population in 
study II was initially based on samples from the biobank in Örebro, Sweden, 
and automated DNA extraction with QiaAmp DNA kit (Qiagen, Hilden, 
Germany) was used. For follow-up professional samples in studies I and II 
and samples collected in study III, LBC samples (ThinPrep) were used, as in 
the organized screening in the region.   

Genotyping 
CLART® HPV2 (Genomica, Madrid, Spain) was used for genotype 
determination in studies I and II. This test was chosen because the intention 
was to detect HPV IARC classification high-risk groups 1, 2A and 2B, and 
several lrHPV. The assay targets the L1-region of the virus of 35 different 
genotypes. The assay was carried out in accordance with the manufacturer’s 
protocol. 

In study III Aptima HPV assay (Hologic, Marlborough, MA, USA) was 
used for HPV detection. The test does not discriminate between genotypes, 
but only demonstrates negative or positive results concerning presence of 
any hrHPV genotype. Therefore after a positive mRNA test with Aptima, 
the hrHPV-positive samples were further assessed by genotyping with 
multiplex real time PCR test AnyplexTMII HPV28 (Seegene, Seoul, Korea), 
targeting viral DNA (L1 gene) in 28 different HPV genotypes.  

Morphological assessment 
From the LBC ThinPrep cytology slides were made in studies I–III and 
assessed by an experienced and IAC certified cytotechnician and classified 
according to the international Bethesda classification system. The cervical 
cone biopsies were formalin fixed, paraffin embedded and cut into 4µm 
slides, and thereafter stained with haematoxylin and eosin. The 
histopathology was assessed by either of two senior pathologists in both 
study II and study III, and as well classified following the Bethesda 
classification with LSIL and HSIL and the WHO classification system.  



40 LOVISA BERGENGREN Cervical screening with primary HPV 

Cone biopsy 
Cervical cone biopsies were done by LEEP in studies II and III, and were 
carried out by one senior gynaecologist (author Lovisa Bergengren). The 
procedure was carried out in an outpatient clinic under local anaesthesia, as 
is clinical practice at the Department of Obstetrics and Gynaecology at the 
University Hospital of Örebro.  

Register 
Paper IV is a register study in which the Swedish Population Register and 
the register from NKCx were used. The NKCx register includes screening 
information on all women in the Region of Örebro County, with 100% 
completeness, since the laboratory sends a copy of every sample they analyse 
to the registry. This includes invitations, dates of sampling, results on all 
cell samples with cytological diagnosis and/or HPV status depending on 
analysis performed, as well as all histological diagnosis on all tissue samples 
taken. Data extracted from NKCx were invitations, samples taken and 
results between the years 2013 and 2018. To define the women living in the 
region the data were match by personal identification number to the 
Swedish Population Register. 

Health economic method 
Costs of the new and old screening programmes were estimated based on 
the actual frequency of screening tests and clinical examinations performed 
for diagnosing HSIL+ for each programme respectively, multiplied by the 
2018 unit costs. Unit costs were collected from administrative sources in the 
region. The effects considered were the number of HSIL+ diagnosed and the 
number of direct referrals to colposcopy in each programme. Results 
presented are total costs, average cost per woman and the cost-effectiveness 
of the new programme compared to the old expressed as an incremental 
cost effectiveness ratio (ICER). 

Statistical methods 
In paper I results between self-sampling and professionally collected 
samples were compared by means of McNemar’s test; a p-value <0.05 was 
interpreted as significant, and Cohen’s kappa values. Considering the 
professional sampling as the gold standard, sensitivity and specificity with 
95% confidence intervals (CI) were calculated for each sampling method. 
Moreover, the positive predictive value (PPV) and negative predictive value 
(NPV) were determined.  
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In study II chi square test was used for calculations of statistical 
differences between groups, a p-value <0.05 was considered statistically 
significant. PPV and NPV were calculated for the correlation of HPV testing 
and histological outcome. Further, the false negative rate (FNR) was 
calculated for comparing test results between different methods concerning 
improperly indicating no presence of dysplasia, even when histological 
dysplasia is diagnosed. 

Paper III is a prevalence study and results are presented in percentages or 
actual numbers.  

Paper IV is a register study, and data are shown in absolute numbers and 
percentages. Comparison of the screening programmes was also done for 
the main outcome of HSIL+ by Pearson’s chi square test and two-sided 
significance test, with a p-value <0.05 as significant. 

Ethical approval 
All studies were conducted in accordance with the ethical guidelines of the 
Declaration of Helsinki.  

The studies were approved by the regional ethics committee in Uppsala, 
papers I and II (Dnr 2014/122), paper III (Dnr 2014/121) and paper IV (Dnr 
2017/297). The ethical approval for papers I and II contained an agreement 
to analyse all samples for HPV regardless of consent or not from the invited 
woman. The samples in the non-consent group were analysed anonymously. 
All women who agreed to participate in the study signed an informed 
consent before the exit sample was analysed and the invitations for further 
follow-up were sent out. Study IV included the possibility to study the effect 
of the old and new cervical screening programme in the region and included 
ethical approval to get screening data from NKCx concerning women who 
were invited and participated in cervical screening between the years 2013 
and 2018, as well as data from local registers for the same period. All data 
were analysed anonymously by the researchers. 
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Results 
Studies I and II invited the same original study population, women with 
normal cytology in their exit cervical screening sample 2012-2014 in the 
biobank in the Region of Örebro County. Study II aimed to study the 
prevalence of HPV in these samples, re-invite all women with hrHPV 
according to IARC groups 1, 2A and 2B and correlate the findings to 
histological outcome. The group of women with a positive hrHPV were also 
asked to perform a self-sample and were then the population for study I, 
which aimed to compare professionally performed cell samples with self-
sampling for HPV (Fig. 5).  

Results papers I and II 
Among the study population in paper II, the overall prevalence with all 
hrHPV including IARC groups 1, 2A and 2B was 7.4%, and if only 
analysing the 14 genotypes most used in clinical assays, a prevalence of 
5.5% was calculated. The most common hrHPV genotypes were HPV 53 
from group 2B (11.5%), followed by HPV 51 (7.5%) and HPV 16 (7.5%), 
both from group 1. Of the women who had given consent to participate in 
the study, 143 with hrHPV in the exit sample, 126 came for the follow-up 
test. Among the follow-up samples, 75/126 (59.5%) were repeatedly 
positive for hrHPV, of which 71/75 were with the same, or partially the 
same, genotype, thus a persistence of 56%. If focusing only on women with 
a follow-up after 12 months or more and with HPV genotypes of the 14 
hrHPV types included in organized cervical screening in the region, 57% 
had persistent type specific HPV infection. Of the 126 women with follow-
up samples, 101 had infection with a single hrHPV genotype. When 
comparing single infection with multiple infections no statistical difference 
concerning clearance was seen (chi2 0.93, P=0.335). Analysing data for type-
specific clearance, the clearance rate is similar for HPV16/18 and non-HPV 
16/18, with no statistical difference (chi2 0.004, P=0.95). 

Cervical cone biopsies with LEEP were performed on 64/75 of the 
hrHPV-positive women, as well as on 35/51 of the hrHPV-negative. 
Histological dysplasia was detected in 19/99 (19%) cone biopsies, 11 had 
LSIL and 8 HSIL. When analysing genotypes in the follow-up sample among 
the patients with dysplasia including both LSIL and HSIL, HPV 31, 51 and 
53 were the most common genotypes (Fig. 7). 
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Figure 7. Distribution of genotypes in the follow-up test (HPV test 2) in paper II 
among patients with cervical cone biopsies with LSIL and HSIL.  

A negative hrHPV test in this study had an NPV for LSIL+ of 91%, and 
for HSIL+ 100%. A positive hrHPV result showed a PPV of LSIL+ of 25% 
and of HSIL+ 12.5%. When considering positive test results of only HPV 
16 and 18 as another triage of hrHPV, the FNR was 87.5% for HSIL+. All 
LBC samples were also analysed with cytology, and 13 samples in total were 
classified as pathological cytology. Of these, five had histological dysplasia 
verified. FNR for cytology triage was 37.5% (Table 1). 
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Table 1. Results of hrHPV analysis at follow-up testing in paper II. Including 
genotyping and cytology triage in hrHPV positive group. 

(hrHPV= high-risk human papillomavirus, LSIL=low-grade squamous intraepithelial lesion, 
HSIL=high-grade squamous intraepithelial lesion) 

Of the 99 women with cervical cone biopsies performed, 33 (33%) were 
still hrHPV-positive at follow-up at 6 months. The same hrHPV were seen 
in 21/33, and five of them were only positive at the exit sample (HPV test 
1) and follow-up sample (HPV test 3). Of these five with negative HPV test
at follow-up, none had histology samples showing dysplasia.

Among the 143 women invited for paper I, 126 attended a follow-up, 
and 119 returned a self-sample for comparison to the professionally 
collected sample (Fig. 8). The results of HPV genotypes were compared and 
completely concordant results were observed in 67/119 (56.3%) of the 
samples, including both negative test results in either test or exactly the same 
HPV genotypes, including lr- and hr-HPV, in the two sampling methods. 
The total numbers of positive test results among the different test methods 
were approximately equal, with 78 in professional and 77 in self-sample. 
No significant difference was detected by McNemar test (P = 0.827). In the 
analysis, no genotype was more commonly detected by either of the two 
sampling methods; even though the total number of genotypes was higher 
among self-samples, 128 vs 133, there was no statistical significance 
(Wilcoxon signed rank test P = 0.152). 

When focusing on the 14 genotypes, 99 (83.2%) of the women had the 
same findings in both sampling methods. Twenty women had discordant 
hrHPV results, 10 hrHPV infections were discovered only in self-samples 
and 10 only in professionally collected samples (Cohen κ 0.66, 95% CI 
0.53-0.80). There was no significant difference with McNemar test between 
the two sampling methods for clinically significant infections (P > 0.99) or 

N Triage test for
hrHPV+

Triage
test, n

Normal
histo

LSIL
histo

NPV �LSIL
(%)

PPV �LSIL
(%)

FNR �LSIL
(%)

HSIL
histo

NPV
�HSIL(%)

PPV �HSIL
(%)

FNR �HSIL
(%)

hrHPV
neg

35 32 3 91 25 16 0 100 12.5 0

hrHPV
pos

64 48 8 8

HPV 16/18+ 9 8 0 73 11 94 1 87 11 87.5

Aberrant
cytology

13 8 0 78 38.5 69 5 94 38.5 37.5

ASCUS 6 5 0 1

LSIL 3 2 0 1

HSIL 3 1 0 2

AGC 1 0 0 1

�NPV = negative predictive value, PPV = positive predictive value, FNR = false negative rate
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extended genotyping (P = 0.827) (Table 2). Of the women with hrHPV in 
both sampling methods (44/99), 10 (23%) had concordant results 
concerning the clinical outcome but were positive with at least one other 
HPV genotype. In this study a few more genotypes were detected among 
self-samples, 65 compared to 60, when analysing only the 14 hrHPV types 
considered clinically important. The most common genotype overall was 
HPV 51. 

Table 2. Summary of HPV testing of professionally and self-collected samples in 
paper I. 

When looking at the women with an outcome of HSIL in study II, 8/99, a 
self-sample was performed by 96 women in study I. In all of these eight 
samples with HSIL, the follow-up tests were positive for hrHPV in both 
professionally collected samples and self-collected samples (Fig. 8).  

HPV testing

No. of samples (n=119)

Agreementa
Cohen κ  
(95% CI)

Sensitivity  
(95% CI)

Specificity  
(95% CI)

PPV  
(95% CI)

NPV  
(95% CI)

P 
valueb

Both 
+ve

Both 
−ve

Prof 
+ve

Self 
+ve

Clinically	significant	
infections	(hrHPV)

44 55 10 10 99	(83.2) 0.66  
(0.53–0.80)

0.81  
(0.69–0.91)

0.85  
(0.74–0.92)

0.81  
(0.69–0.90)

0.85  
(0.74–0.92)

>0.99

Extended	genotyping	 67 31 11 10 98	(82.4) 0.61  
(0.46–0.76)

0.87	 
(0.77–0.94)

0.74	 
(0.58–0.86)

0.86  
(0.76–0.93)

0.76	 
(0.60–0.88)

0.827

Abbreviations:	CI,	confidence	interval;	hrHPV,	high-	risk	HPV;	NPV,	negative	predictive	value;	PPV,	positive	predictive	value;	Prof,	professionally	collected	
sample;	Self,	self-	sample.
aValues	given	as	number	(percentage).
bMcNemar	test.
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Figure 8. Flowchart of main results from papers I and II. 

Results paper III 
All women in Örebro County born in 1946 (n = 1968) were invited to this 
study for cervical screening with professional sampling. The samples were 
analysed for hrHPV mRNA and all positive samples were further 
genotyped. All hrHPV-positive women were offered the option to have a 
cone biopsy performed for cervical histological verification. Of the 809 
women who participated in the study, 31 (3.8%) were hrHPV-positive (Fig. 
9). Twenty-two women continued with histological sampling, and of these, 
10/22 (45.5%) had dysplasia, 5 (22.7%) LSIL and 5 (22.7%) HSIL. The 
most prevalent genotypes in this study were HPV 16, 33 and 68. Of the 
women with HSIL, one case of cervical cancer was diagnosed in a repeat 
cone biopsy after 4 months. 
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Figure 9. Flowchart of main results from paper III. (hrHPV= high-risk human 
papillomavirus, ASCUS= atypical squamous cells of undetermined significance, 

LSIL=low-grade squamous intraepithelial lesion, HSIL=high-grade squamous 
intraepithelial lesion) 

Results paper IV 
In study IV, the old screening programme with primary cytology between 
January 1, 2013, and August 31, 2016, was compared with the new 
screening programme based on HPV from September 1, 2016, to December 
31, 2018. Women ≥30 years of age were screened with HPV in the new 
programme whereas cytology as screening method still continued for 
women <30 (Fig 6). A 75% participation rate within 1.5 years from 
invitation was seen in both programmes.  

Among women <30 years of age, the yearly detection of HSIL+ cases was 
80 in the old programme, compared to 56 in the new programme (Table 3). 
The number of colposcopies was higher in the old programme, 200 vs 148 
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per year, and the yearly cost was also higher in the old programme, SEK 4.3 
million compared to SEK 3.7 million in the new programme.  

Table 3. Comparison of the old and new screening programmes in the Region of 
Örebro County among women <30 years of age. Numbers presented are samples 
or examinations per year.   

*2013-01-08 to 2016-12-28
**2016-09-02 to 2018-12-28

In the age group ≥30 the direct colposcopy referral rate, that is, positive 
samples in the screening programme that result in colposcopy without 
further retest, was 2.3 times higher per year in the new programme. Among 
these examinations, HSIL+ was detected in 25% of the examinations in the 
new programme compared to a 41% HSIL+ detection rate in the old 
programme. The total number of colposcopies was also higher in the new 
programme compared to the old (Table 4).  

Total 
number 
samples 
at first 
visit 

n 

Cytology 
samples 

n 

HPV 
samples 

n 
(%) 

Direct 
colposcopy 

rate 

n 
(%) 

Total 
colposcopy 

rate 

n 
(%) 

Cervical 
punch 
biopsy 

n 
(%) 

Cervical 
cone 

biopsy 

n 
(%) 

Histology 

n 
(%) 

Benign LSIL HSIL+ 

Old 
programme* 

3274 3527  NA 49 
(1.5) 

200 
(6.1) 

115 
(3.5) 

83 
(2.5) 

29 
(0.9) 

26 
(0.8) 

80 
(2.4) 

New 
programme** 

3286 3422 236 
(7.2) 

49 
(1.5) 

148 
(4.5) 

107 
(3.2) 

40 
(1.2) 

14 
(0.4) 

30 
(0.9) 

56 
(1.7) 
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Table 4. Comparison of the old and new screening programmes in the Region of 
Örebro County among women ≥30 years of age. Numbers presented are samples 
or examinations per year. 

*2013-01-08 to 2016-12-28 
**2016-09-02 to 2018-12-28

As endpoint, the highest ranked histopathological sample within 12 
months after screening test was used. Histology with benign or LSIL 
samples was seen in 45% of the endpoints in the old programme, compared 
to 62% in the new programme. When comparing the whole group of 
women ≥30 years of age, it was no significant difference in detection of 
HSIL+ per year between the old and the new programme (P = 0.70). 

The cost for the new programme among women ≥30 years of age was 
40% higher than that of the old programme; still, the cost per 1000 women 
was lower for the new programme (Table 5). The average cost per HSIL+ 
identified was SEK 106,000 for the old programme, compared to SEK 
117,000 for the new programme among women ≥30. The old programme 
had a yearly cost of SEK 9.4 million compared to SEK 13.3 in the old 
programme. The new programme had also increased the number of detected 
HSIL+ yearly from 89 to 113. This yielded an ICER of about SEK 160,000 
per additional HSIL+ identified in women 30 years or above.   

Total 
number 
samples 
at first 
visit 

n 

Cytology 
Samples 

n 

HPV 
samples 

n 
(%) 

Direct 
colposcopy 

rate 

n 
(%) 

Total 
colposcopy 

rate 

n 
(%) 

Cervical 
punch 
biopsy 

n 
(%) 

Cervical 
cone 

biopsy 

n 
(%) 

Histology 

n 
(%) 
Benign LSIL HSIL+ 

Old 
programme* 

10,096 10,177  330
(3.3) 

195 
(1.9) 

249 
(2.5) 

124 
(1.2) 

119 
(1.2) 

42 
(0.4) 

32 
(0.3) 

89 
(0.9) 

New 
programme** 

13,532 934 13,532 
(100) 

444 
(3.3) 

407 
(3.0) 

283 
(2.1) 

117 
(0.9) 

71 
(0.5) 

111 
(0.8) 

113 
(0.8) 
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Table 5. Comparisons of estimations of costs of the old and new screening 
programmes in the Region of Örebro County among women ≥30 years of age. 
Costs are presented as average costs in SEK (SEK 10 = approx.EUR 1)  

*2013-01-08 to 2016-12-28
**2016-09-02 to 2018-12-28

The total yearly cost of the new screening programme, all ages, was SEK 
17 million to be compared with SEK 13.7 million for the old programme. 
Screening visits represent two thirds of the total costs. The cost per 1000 
women was approximately SEK 1 million in the new programme and SEK 
1.1 million in the old programme, where the new programme included more 
women entering the programme yearly, 16,818 compared to 13,370 in the 
old programme.  

Total cost Screening 
visits 
(including 
retests) 

Triage 
analysis 

Colposcopy Cervical 
punch 
biopsy 

Cervical 
cone 
biopsy 

Cervical 
cell 
scrape 

Unit cost 
(SEK 2018) 

673 376 4131 4270 6651 12,781 

Cost per year, 
old 
programme* 

9,395,226 6,848,999 124,183 1,028,619 531,033 792,678 69,715 

Cost per year, 
new 
programme** 

13,260,945 9,158,761 345,813 1,680,137 1,207,800 775,317 93,119 

Cost per 
1000 women, 
old 
programme* 

1,022,079 745,082 13,509 111,900 57,769 86,233 7584 

Cost per 
1000 women, 
new 
programme** 

982,105 678,298 25,611 124,431 89,450 57,420 6896 
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Brief summary of main findings in papers I-IV 
In paper I, concordance between self-sampling and professionally collected 
samples detecting clinically important infections was seen in 83.2% of the 
samples. The specimens contained enough material to confirm that 
postmenopausal women are able to perform self-sampling. The non-
concordant samples showed no specific HPV missed by either test. 

A prevalence of hrHPV of 5.5% among the cohort of screened women 
55–60 years of age in the Region of Örebro County was found in paper II. 
The most common genotype was HPV 53 (IARC group 2B) 11.5%, while 
HPV 16 constituted 7.4% of the hrHPV genotype findings. Non-HPV 16/18 
genotypes constituted 87.5% of histologically verified HSIL. Cytology had 
a PPV for HSIL+ of 38.5%. When combining the results from both papers 
I and II, the sampling methods were equally reliable in predicting HSIL in 
this age cohort of women.   

In paper III, a prevalence of hrHPV of 3.8% was seen among women age 
70, at least 10 years after exclusion from the screening programme. 
Histological abnormal findings among the hrHPV-positive women in this 
group were detected in 45.5% of the cervical cone biopsies, with equal 
distribution of LSIL and HSIL cases. The most common genotypes seen in 
this age cohort were 16, 33 and 68. 

Paper IV evaluated the clinical effectiveness and cost implications of an 
implemented HPV screening programme, and compared these with cytology 
screening. The participation rate of 75% was equal between the 
programmes. An hrHPV prevalence of 6.9% was seen for women between 
23 and 70 years of age. Cost-effectiveness among women below 30 years of 
age demonstrated that the new screening programme came at a lower cost, 
but did not identify as many HSIL+ as the old programme. The detection 
rate of HSIL+ among women aged ≥30 years was 1.3 times higher with HPV 
screening, but per 1000 women screened the detection rate was higher with 
the screening programme based on cytology. Data revealed an increase in 
direct colposcopy referral rate of 74% in the HPV screening programme 
and a higher percentage of irrelevant findings. The screening programme 
based on HPV for women aged ≥30 years has increased yearly costs from 
SEK 9.4 to SEK 13.3 million, with an ICER of about SEK 160,000 per 
additional HSIL+ identified.  
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Discussion 
This thesis is based on four papers, all with a general aim to improve cervical 
screening. The first three papers focus on postmenopausal women, whereas 
the last paper scientifically evaluates the clinical effectiveness as well as cost 
implications of the HPV based cervical screening programme implemented 
in the region and compares this to the old cytology-based screening 
programme.  

Prediction of HSIL+  
The group of women, 55–59 years of age, who had been excluded from the 
cytology-based screening with normal results, were appropriate cohort of 
women to include in a study on postmenopausal women for HPV 
prevalence, genotypes linked to histological changes and concordance of 
results in professional and self-collected samples, as well as persistent 
infections in papers I and II. From the biobanked samples HPV prevalence 
was calculated on all samples in paper II, resulting in a prevalence of 7.4% 
if including all 20 hrHPV types included in the broad-spectrum assay used, 
and 5.5% when considering the 14 hrHPV types included in the HPV assay 
in the ongoing screening programme. The latter percentage is in 
concordance with other recently published Swedish studies (90, 98). The 
most common genotype in paper II was HPV 53, IARC group 2B, 11.5%, 
while HPV 16 constituted only 7.5% of the hrHPV genotype findings. Even 
though these data are from a group with normal cytological finding in the 
exit sample, the large contribution of hrHPV of non-HPV 16/18 both in 
initial “exit sampling” and at follow-up is noteworthy.  

The majority (7 out of 8) of histological HSILs found in paper II were 
not a result of an HPV infection with HPV 16/18. Most prominent was 
HPV 31, which is one of the HPV types discussed to be most cancerogenic 
after HPV 16 (124-126). At the same time, results in one study including 
data from Sweden show that HPV 31 constitutes a larger proportion of 
HSILs (CIN 3) compared to the proportion in cancer, when including all 
age groups (141). Still, there is no established way to know which HSILs 
will develop into cancer although there is knowledge supporting regression 
of at least 40% of CIN 2 lesions, particularly in younger age groups (79, 
142-144). There are studies on methylation, biomarkers for prediction of 
higher risk for HSIL development, used on HPV-positive samples showing 
promising results with better prediction than the cytology triage mostly used 
as of today (145). Accordingly, treatment of HSIL in older women is still 
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recommended, regardless of CIN 2 or CIN 3. Data have at the same time 
shown that the longer an hrHPV infection persists, the higher the risk of a 
continuous persistent infection, and accordingly, development of dysplasia. 
Non-HPV 16/18 HSIL constitutes 87.5% of histologically verified HSIL in 
paper II, even if this cohort is limited, and can subsequently not support the 
proposition to focus only on HPV 16/18 to select women with higher risk 
in this age group. The results also show that several histological HSILs also 
would be missed by triage with cytology.  

In the thesis, in both paper II and paper III, it is shown that most of the 
women with hrHPV positivity had infection with a single genotype. In paper 
II, when focusing at clearance at a median time of 26 months from HPV 
tests 1 and 2, there was no significant difference of clearance between single 
or multi infections. This is consistent with data just published in November 
2019 supporting high viral load and HPV genotype, but not multiplicity of 
HPV infections as important predictors of HSIL (146). There is a difference 
between papers II and III in genotypes detected but here it is important to 
remember that different methods for detection and genotyping were used. 
In paper II a broad-spectrum DNA assay was used, and in paper III an 
mRNA method detecting 14 hrHPV types was used. In studies mRNA tests 
are documented as detecting more active infections compared to DNA 
assays (122); thus the number of infections detected is lower. The results of 
both study I and study II, as well as other research papers now published, 
confirm that an assay that identifies the 14 most commonly used hrHPV in 
screening definitely seems adequate and safe for postmenopausal women 
and when exiting the screening programme. 

Self-sampling  
The concordance of 83% between the self-samples and the professionally 
collected samples in the population in paper I is a bit lower than other 
studies, but the age cohorts in those studies were younger (140, 147). The 
specimens contained enough material to confirm that postmenopausal 
women are able to perform self-sampling. The non-concordant samples 
showed no specific HPV missed by either test. This study indicates that 
postmenopausal women, the group with the lowest participation rate in the 
Region of Örebro County, can be offered self-sampling devices in order to 
increase screening programme coverage while still maintaining test quality. 
When combining the results from papers I and II, the sampling methods 
were exactly as reliable in predicting HSIL in this age cohort of women. A 
Dutch study from 2019 also presented positive results from a randomized 
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trial in an ongoing screening programme among all women 29–61 years of 
age, comparing the accuracy on self-collected samples and clinician-
collected samples in terms of the detection of HSIL (148). 

Exiting the cervical screening programme 
The HPV prevalence of 3.8% among women 70 years of age in paper III 
was lower than in paper II, but in line with another Swedish study (4.1%) 
(112) with a little higher prevalence, probably due to DNA-based method. 
Other studies reporting data specifically from this age group were sparse, 
especially when the study was conducted. Nevertheless, as with all 
prevalence studies, the numbers vary some around the world.  

Study III was conducted before the national guidelines on HPV screening 
were carried out, and inclusion of women up to the age of 70 (with a last 
sample after 64) was implemented. Paper III demonstrated a considerable 
prevalence of histologically confirmed LSIL/HSIL among women with a 
positive HPV test after exclusion from the cervical screening programme for 
at least 10 years. Data from other studies prove the importance of screening 
up to older ages among women with earlier abnormal screening history as 
well as women who have not been screened with either HPV or cytology 
(149). Together this stresses the importance that women leaving the 
screening programme at age 70 should be hrHPV-negative and that all 
women up to at least 70 years of age should be included in a primary HPV 
screening strategy regardless of earlier screening history. In addition, this 
advice is in line with several papers reporting that a substantial part of 
deaths in cervical cancer among postmenopausal women (aged 55–79 years) 
could be avoided through recent screening (35, 150-152).  

The data from paper III also support the liberal use of cervical cone 
biopsies on women with hrHPV-positive tests in this age group if the 
woman has not attended screening for a long time, due to a high proportion 
of HSIL among the hrHPV-positive women. This is in line with data that 
clearance of hrHPV infection is more common among younger and that the 
longer an infection persists the greater is the risk of developing dysplasia. 
Many women in these two cohorts had TZ retracted, and thus inconclusive 
colposcopies, which is in line with data by, for instance Sahlgren et al. (153), 
with difficulties in adequate biopsy sampling from the right location in the 
canal. Local oestrogen can be useful (153), but in many cases, especially in 
the older cohort, the only way to handle these women is with a cervical cone 
biopsy for histological verification, to decrease the risk of underestimating 
the rates of HSIL. Data from paper III, where a high percentage of HSILs 
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were found, led us to initiate a catch-up screening for women between 64 
and 70 years of age in the study region in parallel with the implementation 
of the new screening algorithm.  

Clearance or latency 
In paper II the follow-up sample detected a type-specific persistence of 
hrHPV of 56% after 12 months, and thus a clearance of 44%, with no 
statistical difference between genotypes. Whether the results are due to 
clearance or latency is not possible to determine in this study, but the 
numbers are in line with another Swedish study (113). Interestingly, even 
though small numbers, 5 women of the 99 in study II had a follow-up 
sample (HPV test 3) after cone biopsy procedure that detected the same 
hrHPV genotype as HPV test 1, whereas the follow-up sample, HPV test 2, 
just before cone biopsy was negative. The same procedure was undertaken 
to analyse the samples; therefore, the results indicate latency. Guidelines 
stipulate that one negative hrHPV sample would be enough for exiting the 
screening programme, but this is debated among researchers. Whether it is 
sufficient probably depends on earlier HPV results and at what age, since 
latent infection can be reactivated. As of yet, it has not been established 
whether there is a difference in risk of a new infection or reactivation of a 
latent infection in older women. Other questions still to be answered are 
whether naturally acquired antibodies protect against re-infection. And if 
the woman develops antibodies, whether the protection wanes over time?  

Health economics and clinical effectiveness of primary HPV 
screening 
In paper IV the old screening programme with primary cytology was 
compared with the new screening method with primary HPV. The screening 
programmes were compared for the overall screened population but also 
separately for women <30 and ≥30 years of age, since the major changes in 
the screening algorithms were among women aged 30 and above, where 
HPV as primary analysis was implemented in the new programme (Fig. 6).  

In the results when comparing the women <30 years of age, the new 
programme came in at a lower cost but did not seem to identify as many 
HSIL+ as the old programme. The data with 10.1 HSIL cases per 1000 
women in the new programme compared to 13.8 per 1000 women in the 
old programme included over the study period nine cancers among the 
younger women in the old programme and only one cancer case in the new 
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programme. It is surprising to find this difference in effectiveness, as both 
programmes are cytology-based with just minor triage and retest changes. 
Further and immediate analysis is needed to establish whether the results 
are a coincidence or not, and if there have been any other changes not 
obvious in this study.  

Among women ≥30 years of age, an increase of direct colposcopy rate as 
well as the total number of colposcopies was seen, but the percentage of 
HSIL+ detected in histology samples collected decreased. Still, the new 
screening programme in women ≥30 years old detected 113 compared to 
89 HSIL+ in the old programme. Exploring this in terms of yearly cost and 
number of HSIL+ identified in this age group, an increase of programme 
costs from SEK 9.4 to SEK 13.3 million was seen, yielding an ICER of about 
SEK 160,000 per additional HSIL+ identified. During the time period 
compared, the cancer detection rate was 0.35/1000 in the new programme 
compared to 0.27/1000 in the old programme, thus not like the results 
among the younger women.  

The study can be compared to trials, but it would be more relevant to 
compare the study to other real world data. At least one Dutch study 
showed an increased detection rate per 1000 women in implemented HPV 
screening, which in paper IV was not the case. Thus, the increase in number 
of detected HSIL+ was a result of more women being screened. Data from 
other studies support longer screening intervals for HPV-negative women 
(154), and since more women were screened and fewer HSIL+/1000 women 
were identified in paper IV, and since two thirds of the screening costs in 
the study were from the visits for screening samples, a screening with a 5-
year interval for negative cases needs to be considered. The high colposcopy 
rate confirmed in the study is in line with earlier evidence of the result of 
HPV screening with increase in colposcopies (155) and is yet another 
challenge, to focus resources on women at highest risk.  

Strengths and limitations 
In papers I and II, biobanked material from a cohort of women exiting the 
screening programme with normal cytology was used. The number of 
HSIL+ as endpoint was few, even though a large cohort was invited. Even 
so, the research team considered the study of value, since a prevalence study 
on such a group was not in place at the time the study was carried out. The 
study with self-sampling shows promising results concerning accuracy of 
test results for women in older age groups not attending organized 
screening. However, this study also has few histological HSIL cases at 
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endpoint, and might be considered to be a pilot study.  In paper III, no 
follow-up sample with HPV was assessed after the first invitation, which is 
a limitation as well. Even so, the result was valuable for decisions made in 
the region’s local screening organization for inclusion of all women up to 
70 years of age. The two last stated limitations are handled in an ongoing 
larger study, where self-sampling is compared to professionally collected 
samples, including all women in the catch-up screening strategy (women 
between 64 and 70 years of age) in the region, when switching screening 
programmes.  

In paper IV, we used the NKCx register that encompasses an export of 
all data from the laboratory in the Region of Örebro County, with all data 
files from all cytology and histopathology samples, thus containing 100% 
of all cervical smears and histology samples (both organized and non-
organized testing). This is an internationally unique dataset. At the same 
time, regional registers with data on clinical visits were insufficient to use 
for follow-up as planned, since data between the national register and local 
registers did not match in the sense that many histological samples would 
have been sampled without a clinical examination with colposcopy. This 
can be assumed to be rare. Instead, the colposcopy numbers must be higher 
in both programmes, and a conclusion is that a considerable proportion of 
the clinical follow-ups were poorly registered. Thus, assumptions have been 
made based on the number of histological samples taken, which, of course, 
is an underestimation, since some colposcopies will not lead to histology 
sampling, and this reflects the cost estimations made. Still, the limitations 
are present in both the old and the new screening programmes, which makes 
the comparison valuable, after all. Moreover, the limitations with important 
outcomes that are estimated are not unique for this cost-effectiveness 
analysis, since there are often limitations (156) in these kinds of studies.  

Additionally, paper IV still has the strength of being research done on 
routine clinical practice, meaning all providers do exactly what they do 
routinely, with different levels of training and with no extraordinary follow-
up, as in a study situation. When switching to the new screening programme 
with primary HPV, the region at the same time implemented an 
organizational change where two specially trained midwives manage the 
screening samples to ensure that the samples lead to the proper algorithm, 
which may then involve triage or re-test. Before this implementation, a 
larger number of health centres and caregivers, with variations in 
knowledge, handled the screening follow-up on women in their area. 
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Conclusions 
In conclusion, this thesis shows that it is possible to use self-sampling among 
postmenopausal women with equal results in detecting precancerous lesions 
important for cancer development. Also clearly demonstrated is the 
importance of including women at least to the age of 70 years in the new 
screening strategy with HPV, even those who have previously been screened 
with cytology. These data, together with the fact that postmenopausal 
women with persistent HPV need more efficient triage methods than 
cytology and HPV 16/18 genotyping for identifying who will need treatment 
for HSIL, are the main results of papers I–III.   

As seen in paper IV, the matter of triage methods needs to be in focus not 
only among the postmenopausal women but also throughout the screening 
cohort, women 23–70 years of age, since many follow-up visits are spent on 
women not at greatest risk, as shown by many histological endpoints after 
screening samples are classified as either benign or LSIL. Paper IV also 
presents data from an implemented HPV screening programme where the 
effect of the programme in detecting more HSIL+ has a higher cost than the 
old cytology-based programme, where the screening visits for sampling 
accounts for two thirds of the costs. Therefore, the study gives reason for 
adjustments of screening recommendations to follow international data on 
extended screening intervals for HPV-negative women as a start. 

Clinical implications and future perspectives 
According to the analysis in paper II of the genotypes inducing dysplasia, 
the results do not support HPV 16/18 genotyping as a sufficient triage test 
to accurately select women with higher risk in this age group. Even cytology 
would miss HSILs in both paper II and paper III. Together, this emphasizes 
the need for more accurate triage methods with biomarkers for guidance for 
the clinician. As a step in our research we are planning an additional study 
on the cohort used in study I and study II, investigating both a methylation 
assay (157) and detection of the E7 protein (158) in hrHPV-positive samples 
in HPV test 2 in study II.  

In paper I, data indicate that self-sampling among postmenopausal 
women can be offered to increase the coverage of non-attenders and still 
maintain the quality of the screening test. However, larger studies are 
needed to evaluate whether self-sampling can replace professionally 
collected samples with focus on the correlation with histopathological 
changes among older women. A larger study that aims to do so is ongoing 
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in our research group in the Region of Örebro County, with women 64–70 
years of age included in a catch-up for HPV screening introduced for women 
who were excluded from the former cytology screening programme 5–15 
years earlier. This catch-up was implemented after the data from paper III 
were analysed, showing a remarkable risk of dysplasia among women 70 
years of age and excluded from the screening programme for over 10 years.  

Still many screening organizations around the world discuss and 
investigate the possibilities of switching screening to self-sampling as the 
primary method, with many research articles published that show good 
results both in the number of HSIL+ detected and in decreased costs. 
However, there is no knowledge on whether self-testing as the only option 
would lead to a change in willingness to attend over the long term. In 
Sweden, the attendance rate is one of the highest worldwide, 82% in 2017 
(including samples within 3 years of the screening sample), when including 
women 23–60 years old.  

In paper IV the aim was to scientifically evaluate, from real world data, 
the effect of shifting screening programmes. Here, two thirds of the 
screening costs were shown to be a result of the screening visits with 
sampling, which underscores the necessity to focus on self-sampling and 
spending more money on the women that really need follow-up due to 
higher risk. Important as well, is to utilize the full potential of the HPV test, 
and screen test-negatives with intervals of 5 years (159, 160). Studies 
evaluating the screening programme, like paper IV, need to be done if major 
strategies like test intervals are changing, and if self-sample is implemented 
as the primary screening method, the attendance rate need to be monitored 
closely as well as effectiveness and costs. The new screening programme 
seems to find more HSIL+ in the group where HPV screening is 
implemented, but at a higher cost. To reduce the cost but still offer a safe 
screening programme with improvements, it is necessary to apply the 
extensive knowledge that exists about epidemiology and biology of HPV 
infections, by, for example, trying to understand more about why the HPV 
infection persists, and latency occurs, in some women.   

How to medically manage women with HPV-positive results and no signs 
of dysplasia is not fully established. Even more difficult clinically are women 
with HPV positivity and inconclusive colposcopy due to retraction of the 
TZ, which is common in women in the age of exclusion from screening. 
Thus, more than one HPV test, genotyping and liberal use of cervical 
excision biopsies, still need to be key components in follow-up regimes 
among postmenopausal women leaving the screening programme. 
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However, more importantly, further studies are needed on other strategies 
to identify women with the highest risk in this age cohort, to minimize the 
need of actions as stated above. And in the screening programme overall, 
there is a need to lower the colposcopy rate due to cost, resources and the 
potential risk of performing more treatments with the succeeding potential 
harms.  
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Populärvetenskaplig sammanfattning på svenska 
Cervixscreening för att hitta förstadier till livmoderhalscancer, 
cervixcancer, med cytologisk analys har funnits sedan 60-talet i Sverige, och 
incidensen av cervixcancer har då kraftigt reducerats. Fortfarande insjuknar 
dock ca 550 kvinnor årligen i denna cancerform. Ungefär en tredjedel av 
dessa är över den ålder där kvinnor inkluderas i screening. 
Screeningprogrammet har varit framgångsrikt då cervixcancer har en 
utvecklingsfas med förstadier till sjukdomen (dysplasier), som man med 
upprepade cellprov kan upptäcka och behandla. Att humant papillomvirus 
(HPV) är orsaken till cervixcancer har blivit välkänt efter att 
screeningprogrammet infördes. Många studier visar att man hittar fler 
höggradiga cellförändringar (HSIL) samt minskar risken att insjukna i 
cervixcancer om man screenar med HPV. Därför rekommenderas numera 
HPV som primär screeningmetod, liksom även vaccination mot HPV.  

Sverige har låg incidens av cervixcancer i jämförelse med många andra 
länder. En ökning av cancerfall från den tidigare incidensen på 450 fall per 
år ses dock, trots att Sverige har organiserad screening med förhållandevis 
gott deltagande. Ett nationellt vårdprogram med HPV som screeningmetod 
gäller sedan 2017. För att säkrare kunna detektera HSIL rekommenderar 
vårdprogrammet ett ytterligare test (triage-test) på HPV-positiva 
screeningprover. Detta utförs genom att särskilt undersöka vissa typer av 
HPV (HPV-genotyper), i detta fall HPV 16 och HPV 18, liksom genom 
cytologisk diagnostik. Region Örebro län har i många år haft ett lägre 
deltagande av kvinnor i den äldsta screeningkohorten, 51–60 år, samtidigt 
som kvinnor över 60 år utgör en stor del av dödsfallen i cervixcancer. HPV-
prevalensen och dess betydelse för kvinnor i denna åldersgrupp har inte 
varit lika välstuderad som för andra åldersgrupper.  

Studie I–III i avhandlingen undersöker förekomst av HPV hos äldre 
kvinnor i Region Örebro län. I studie II undersöktes cellprov, sparade i 
biobank från kvinnor som utgått från det gamla screeningprogrammet 
mellan åren 2012-2014 pga. ålder (55-60 år) (n=2973). Dessa hade då ett 
sista cellprov (exitprov) med normalt cytologiskt fynd. Proven undersöktes 
för förekomst av olika HPV-genotyper, så kallade högrisk-HPV (hrHPV), 
som kan vara cancerogena för människan. Prevalensen av hrHPV för de 
genotyper som ingår i regionens pågående screening var 5.5 %. Alla kvinnor 
med prov som innehöll hrHPV bjöds in till nytt barnmorsketaget cellprov 
(n=143). Kvarstående HPV-infektion med samma HPV-genotyp 
detekterades hos 56 % av kvinnorna vid denna provtagning. Alla kvinnor 
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som kom till uppföljande prov (n=126) erbjöds att operera bort yttersta 
delen av cervix, s.k. excisionsbehandling av cervix (konisering), för att 
därmed kunna korrelera HPV-fynd med eventuella förstadier till 
cervixcancer. Av de 99 kvinnor som genomgick excisionsbehandling hade 
19 någon form av dysplasi. Varken genotypning av HPV 16 och HPV 18 
eller cytologisk analys var effektiva för att identifiera de höggradiga 
cellförändringar som upptäcktes i den åldersgrupp som inkluderades i 
studie II. Studien stödjer således bredare genotypning för denna åldersgrupp 
samt effektivare metoder för att avgöra vilka kvinnor med HPV-positiva 
screeningprov som löper en ökad risk att utveckla HSIL.     

De 143 kvinnor som hade hrHPV i exitprovet i biobanken i studie II, 
erbjöds dessutom att själva provta sig vaginalt hemma, och därmed 
inkluderas i studie I. Studie I jämför utfall av HPV vid självprovtagning och 
vid professionellt taget prov. Tidigare studier visar framför allt att 
självprovtagning kan öka deltagandet hos uteblivare, samt undersöker även 
upplevelsen av självprovtaget HPV-test. Däremot saknades studier med 
fokus på överensstämmelsen mellan barnmorsketaget prov och själv-
provtagning hos äldre kvinnor, som i och med sköra slemhinnor, förändrad 
anatomi och möjliga svårigheter att ta provet kan skilja sig från andra 
åldersgrupper. Våra resultat visar 83 % samstämmighet mellan testen, samt 
att självprovtaget test innehöll tillräckligt mycket material för att fungera i 
denna åldersgrupp. Detta tyder således på att självprovtagning kan erbjudas 
till kvinnor som är över 55 år, utan inskränkning av testkvalitén. Dessutom 
ser vi i studierna att alla kvinnor med HSIL detekterades med självprov-
tagning, vilket också stödjer testets säkerhet. 

I studie III erbjöds kvinnor födda 1946 (n=1968), minst 10 år efter 
senaste organiserade cellprovet, att delta i en studie med cellprovtagning för 
HPV-analys. Studiedeltagarna (n=809) med positivt hrHPV-test erbjöds 
undersökning och histologisk verifiering genom excisionsbehandling av 
cervix. Av deltagarna var 3.8 % (n=31) hrHPV-positiva och av dessa 
genomgick 22 kvinnor excisionsbehandling. Dysplasi hittades hos 45.5 % 
(10/22), hälften av dessa var HSIL. Studien visar vikten av att kvinnor som 
pga. ålder inte längre ingår i cervixscreening har ett negativt HPV-resultat. 
Dessutom bör alla kvinnor som inte deltagit i det nya vårdprogrammet med 
HPV som primär testmetod erbjudas ett HPV-test, åtminstone upp till 70 
års ålder. Vidare stödjer studien liberal excisionsbehandling av cervix på 
kvinnor med hrHPV-positivt test i den högre åldersgruppen, i de fall man 
inte kan bedöma området av cervix där dysplasier utvecklas. Detta då hög 
förekomst av dysplasi sågs i denna grupp, och cytologiskt resultat inte var 
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tillräckligt säkert som triage-test för att identifiera dessa förändringar. I 
samband med att Region Örebro län implementerade cervixscreeningen 
med primär HPV, och med stöd av resultaten i studie III, infördes en så 
kallad catch-up-screening, där alla kvinnor mellan 64-70 års ålder kallas till 
HPV-testning, oavsett tidigare provtagning. Dessa kvinnor deltar också i en 
just nu pågående stor studie. Liksom i studie I undersöks där 
överensstämmelse mellan självprovtaget test med barnmorsketaget test. 

Genom data från nationella kvalitetsregistret för cervixscreening, NKCx, 
och lokala data från Region Örebro läns egna register, genomfördes en 
registerstudie som delarbete IV. Studiens syfte var att utvärdera det införda 
screeningprogrammet, baserat på HPV-analys, och jämföra detta med det 
gamla screeningprogrammet med cytologi. Den kliniska effektiviteten med 
antalet höggradiga dysplasier och cancer, identifierade hos de kvinnor som 
ingår i programmet, undersöktes och hälsoekonomisk kostnadsberäkning 
genomfördes. Det är av yttersta vikt att se hur HPV som primär 
screeningmetod fungerar i praktiken gällande dessa effektmått. Studier 
saknas, som inkluderar dessa båda parametrar från ett implementerat 
cervixscreeningprogram med HPV. 

Det nya screeningprogrammet med HPV för kvinnor ≥30 år hittade totalt 
sett fler HSIL. Det nya programmet inkluderade fler kvinnor, framförallt 
pga. höjd åldersgräns, och visade sig per 1000 kvinnor identifiera färre fall 
än det gamla screeningprogrammet. I studien ses också att en stor andel av 
de kvinnor som i screeningprogrammen bedöms behöva komma på 
uppföljande kontroller, var kvinnor utan höggradiga förändringar. Det nya 
programmet var 40 % dyrare i gruppen med kvinnor ≥30 år, med en årlig 
kostnad på 13.3 miljoner svenska kronor. Screeningbesöken hos 
barnmorska, som genomförs vart tredje år innan kvinnan fyller 50, därefter 
vart femte år, utgjorde två tredjedelar av screeningkostnaderna. I och med 
att kostnaderna framförallt visar sig komma från screeningbesöken, bör 
nationella rekommendationer utformas så att screening genomförs var 
femte år hos kvinnor som är negativa vid HPV-testningen. I internationella 
studier har detta visats vara medicinskt säkert. Dessutom bör överväganden 
att införa självprovtagning i större utsträckning göras, då detta skulle vara 
kostnadsbesparande. Vidare understryker avhandlingens studier att 
forskningen behöver fokusera på metoder för att bättre selektera de hrHPV-
positiva kvinnor, som bör undersökas för att de har högre risk för 
utveckling av höggradig dysplasi och cancer. Om dessa förändringar 
genomförs behöver ytterligare utvärderingar göras, för att säkerställa att det 
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höga deltagande vi har i screeningen inte försämras över tid, och att samma 
medicinska effekt uppnås.  

Denna avhandling har jag genomfört med förhoppning om att bidra till 
förbättringar i screeningverksamheten i regionen, samt att tillföra en liten 
pusselbit till nationella, likväl som internationella, data inom området.  Ett 
område med målet att sänka cervixcancerincidensen även hos den grupp 
kvinnor, som fortsatt under flera kommande år inte är en del av den 
framtida vaccinerade generationen.  
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