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Abstract

We studied harms related to cervical cancer screening and management of screen-positive women 

in the United States (US) and the Netherlands. We utilised data from four US integrated health 

care systems (SEARCH), the US National Health Interview Survey, New Mexico state, the 

Netherlands national histopathology registry, and included studies on adverse health effects of 

cervical screening. We compared the number of Papanicolaou (Pap) smear tests, abnormal test 

results, punch biopsies, treatments, health problems (anxiety, pain, bleeding, and discharge), and 

preterm births associated with excisional treatments. Results were age-standardized to the 2007 

US population. Based on SEARCH, an estimated 36 million Pap tests were performed in 2007 for 

91 million US women aged 21–65 years, leading to 2.3 million abnormal Pap tests, 1.5 million 

punch biopsies, 0.3 million treatments for precancerous lesions, 5 thousand preterm births, and 

over 8 million health problems. Under Netherlands screening practice, fewer Pap tests (58%), 

abnormal test results (64%), punch biopsies (75%), treatment procedures (40%), preterm births 

(60%), and health problems (63%) would have occurred. The SEARCH data did not differ much 

from other US data for 2007 or from more recent data up to 2013. Thus compared with the less 

intensive screening practice in the Netherlands, US practice of cervical cancer screening may have 

resulted in two- to three-fold higher harms, while the effects on cervical cancer incidence and 

mortality are similar. The results are also of high relevance in making recommendations for HPV 

screening. Systematic collection of harms data is needed for monitoring and for better 

incorporation of harms in making screening recommendations.
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INTRODUCTION

Reduced cervical cancer incidence and mortality are well-known benefits of cervical cancer 

screening (1,2). However, screening can also produce harms. Screening-driven diagnostic 

and therapeutic events - including the cytological Papanicolaou (Pap) test, abnormal 

cytology test results, punch biopsies, and treatment procedures - can cause physical and 

psychological problems (3–5). Treatment of pre-cancerous cervical lesions can lead to 

Adress of corresponding author: Dik Habbema: Dep. of Public Health, Erasmus MC University Medical Center Rotterdam, PO box 
2040, 3000 CA Rotterdam, the Netherlands, j.d.f.habbema@erasmusmc.nl. 

HHS Public Access
Author manuscript
Int J Cancer. Author manuscript; available in PMC 2018 March 01.

Published in final edited form as:
Int J Cancer. 2017 March 01; 140(5): 1215–1222. doi:10.1002/ijc.30524.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adverse pregnancy outcomes, such as preterm birth (6,7). A variety of reviews have 

concluded that harms have been understudied in screening trials (8) and in other studies 

(9,10), that estimates of studied harms can be biased (11), and that potential harms are 

underestimated by patients (12). Moreover, harms resulting from possible overdiagnosis and 

overtreatment in screening are relevant to the discussion of “too much medicine.” (13, 

www.bmj.com/too-much-medicine).

Because approaches to delivering preventive health care differ across countries, cross-

national comparisons of harms of preventive practices may be informative. We previously 

compared the benefits of cervical cancer screening practices in the United States (US) and 

the Netherlands (NL) by using the number of Pap tests as a measure of screening intensity 

and cervical cancer mortality and incidence rates and trends as a measure of screening 

benefit. We observed that mortality and incidence trends were similar in the two countries, 

despite a much greater screening intensity in the US which is no surprise in view of the 

difference in screening recommendations between the US and the NL, with many more life-

time screenings advised in the US (14).

The current study intends to enrich the medical harms literature with an empirical study of 

the harms related to screening and management of screen-positive women in the US and NL. 

Although we expected beforehand that the US, which screens more intensively than the NL 

does, would accrue more harms, we were very uncertain about the possible magnitude of the 

difference.

METHODS

screening data

United States—To estimate harms of cervical cancer screening, the Screening 

Effectiveness and Research in Community-based Healthcare (SEARCH) database is used. 

SEARCH was created by a National Cancer Institute-funded research project conducted in 

four integrated health care systems in the states of Hawaii, Massachusetts, Oregon and 

Washington affiliated with the Health Care Systems Research Network. The SEARCH 

database links cytology, biopsy, histology, treatment, and health plan membership data 

(15,16). Since it is the most comprehensive US population-based database on cervical cancer 

screening and follow-up, we used it as a baseline for our analysis. Data quality was assessed 

with tests for missing data, temporal stability, logical consistency, and value range 

plausibility. Patient-level inclusion criteria were female gender, age 21–65 years during any 

study year, and no known history of a gynaecologic cancer or total hysterectomy at cohort 

entry. As one of the SEARCH sites had incomplete cervical histology information, we used 

histology data from the three other sites only.

The Netherlands—We used data from the NL Pathological Anatomical National 

Automated Archive (PALGA), a nationwide histopathology and cytopathology network-

based archive that encompasses all pathology laboratories in the country (17). PALGA 

includes a cervical cancer screening database complete for all cytology and histology 

testing, regardless of the technique, setting, and reason. For every test registered in PALGA, 

the woman’s (coded) identification, the date, and the topographic and morphologic codes 
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(18) are also recorded, making screening and diagnostic histories available for all women. 

PALGA has instructions and structured data entry for pathology and cytology reports. Labs 

are notified on missing or paradoxical data. See (17) and www.palga.nl. PALGA does not 

include treatment, and there are no other treatment data for NL.

screening-related events

Pap Test—We included all Pap tests (conventional or liquid based) in the SEARCH and 

PALGA registries, including primary screening tests, follow-up tests, and Pap tests done for 

other reasons. SEARCH results were considered abnormal unless they were defined as 

“normal” or “unsatisfactory/inadequate/rejected.” PALGA results were considered abnormal 

unless they were classified as either “normal” or “inadequate.”

Punch Biopsy—For SEARCH, histological records that could not be matched to CPT 

codes for cervical treatment were considered punch biopsies. For NL we estimated the 

number of punch biopsies by subtracting the number of treatments from the total number of 

histological exams, under the plausible assumption of an average of one histological exam 

per treatment. Both SEARCH and PALGA register all histological procedures and their 

outcomes. We included CIN1 and CIN2+ as histological outcome categories, with CIN2+ 

consisting of CIN2, CIN3, and all invasive cancers of the cervix.

Treatment—We based age-specific US treatment rates on data from the three SEARCH 

health systems for which 2007 CPT and histology information was complete. PALGA does 

not track NL treatment data. As follow-up compliance is very high in the NL(19), we 

assumed that all CIN2+ cases have been treated, realizing that this is an upper bound. 

Making an assumption on the percentage CIN1 treated is more problematic. We used as a 

proxy 2008 data from an Italian study (20) showing that 25% of women with CIN1 had 

undergone treatment. Like in the Netherlands, follow-up is well organized in Italy, and 

virtually all women with a histological diagnosis of CIN2+ had undergone treatment (20).

screening-related health problems

To estimate screening harms, we identified three population-based studies of psychological 

and physical problems associated with cervical cancer screening. Korfage et al. (5) studied 

symptoms of the Pap test. Drolet et al. (3) reported on women who experienced anxiety after 

being informed about an abnormal cytology result. The TOMBOLA research group (4) 

studied adverse health effects in women following cervical punch biopsy and loop 

electrosurgical excision treatment procedures (LEEP; also known as LLETZ, large loop 

excisions of the transformation zone). Table 1 summarizes the results of these studies.

We confined the assessment of reproductive harms to increased risk of preterm delivery 

caused by excisional treatment of CIN. Kyrgiou et al. (7) found that only excisions 

exceeding 10mm in depth lead to measurable harms. An update of (7) found relative risk 

(RR) of preterm delivery of 1.75 for women with excisional treatment exceeding 10 mm in 

depth compared to women with smaller excisions (see ANNEX FIGURE). This approach 

might be conservative. We cannot exclude the possibility that shallow excisions also lead to 

a somewhat increased risk of preterm delivery. On the other hand, women with large 
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excisions might be statistically different from women with shallow excisions on unknown 

factors related to preterm birth.

The SEARCH study had no information on depth of excision. However, a study in a cohort 

of women of reproductive age at one of the four SEARCH health systems found that 23% of 

excisions exceeded 10 mm (21).

Apart from the baseline calculations with 23% deep excisions and a RR of 1.75, we also 

considered a higher- and a lower-risk scenario for studying the impact of the uncertainty in 

these assumptions. Numbers of about 50% deep excisions were found in studies conducted 

in Belgium and England (22,23). We used these European values for the higher-risk scenario 

for the US, as deep excisions are probably less frequent in the US than in Europe (24). For 

the lower-risk scenario, we arbitrarily chose a value of 18.4% (80% of the baseline value). 

We used RR values of 2.19 and 1.31 for the higher and lower risk scenarios (125% and 75%, 

respectively, of the baseline value).

analysis of 2007 data

We chose 2007 as the year of analysis for the US and NL data, as it was the most recent year 

for which SEARCH has complete data. The SEARCH database is restricted to women age 

21–65 years. We clustered age in 5-year intervals within this range. Age-specific rates of 

events (Pap tests, abnormal Pap test results, punch biopsies, and treatments) in SEARCH 

and the NL database were calculated by dividing the number of events by the total number 

of women in each age category. For calculating overall population figures, age-specific 

results were standardized to the female US population in 2007 (25). All rates are presented 

per 1000 women. The number of US women experiencing a specific event was calculated by 

multiplying the standardized rate with the total number of US women aged 21–65 years in 

2007. We compared US and NL screening practices using ratios of the standardized rates 

and numbers.

The number of health problems associated with events (Pap test, abnormal test result, punch 

biopsy, and treatment) was estimated by multiplying the age-standardized rate of the event 

by the number of women estimated to experience those health problems. We calculated 

rates, rate ratios, and number of US women experiencing health problems under US and NL 

screening practices.

To estimate the number of preterm births in the US in 2007 that could be associated with 

screening, we multiplied the age-specific rates of excisional treatment in the SEARCH 

population by the estimated fraction of deep excisions. In turn, that result was multiplied by 

the expected number of childbirths after the age of treatment, according to the 2007 US birth 

statistics (26). The number of preterm births caused by treatment was estimated using 2007 

data on US preterm births (27) and the RR of preterm birth after deep excisional treatment, 

assuming no increased risk after shallow excisions. We also estimated the number of preterm 

births when applying NL treatment rates.

Habbema et al. Page 4

Int J Cancer. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RESULTS

Among women aged 31–60 years, the rate of Pap testing was roughly twice as high in the 

SEARCH based US data as in the NL (Table 2). Because NL rarely tests women younger 

than 31 or older than 60, the overall Pap testing rates in theses age classes is much higher in 

the US than in the NL. For abnormal Pap test results and punch biopsies, the difference in 

age-specific rates between US and NL was greater than that for the Pap test, whereas the 

difference was smaller for treatment (Table 2). See the Annex Table for additional age-

specific results.

Table 3 shows that compared with NL screening and follow-up practice, age-standardized 

rates for the US female population in 2007 were higher for Pap testing (2.4), abnormal test 

result (2.8), punch biopsy (3.9), and CIN treatment (1.7). The rightmost columns of Table 3 

show the estimated number of events in the total female US population 21–65.

Table 4 gives estimates of the number of women in 2007 who experienced health problems 

stemming from Pap tests and their downstream events. Under US screening practice, an 

estimated 4.6 million women experienced health problems due to the Pap test itself, 0.8 

million women felt anxious because of an abnormal test result, and almost 3.3 million had 

health problems owing to punch biopsy or treatment (41% moderate or severe) (Table 4). 

The number of estimated health problems due to cervical cancer screening-related events 

totalled 8.7 million. If NL screening practice had been used in the US population, an 

estimated 63% fewer health problems would have occurred. (Table 4).

With the baseline assumptions of a 1.75 relative risk of preterm delivery associated with a 

history of excisional treatment exceeding 10 mm in depth and an average of 23% of 

excisions exceeding 10 mm, US screening practice in 2007 led to an estimated 5,300 

preterm births (Table 5). For the lower risk scenario, the number of preterm births was three 

times lower compared to the baseline assumptions, while for the higher risk scenario it was 

three times higher. Under NL screening practice, all these numbers of preterm births would 

have been about 60% lower.

DISCUSSION

We compared the harms of cervical cancer screening between the United States (US) and the 

Netherlands (NL) using data from four US integrated health plans and a national database 

for NL. Our main finding is that harms occur much more frequently in US than in NL, while 

the levels of incidence and mortality have been quite comparable between the two countries 

from the time that screening could have influenced these levels, suggesting that baseline risk 

is similar in the US and the NL (14). This is confirmed by similar HPV prevalence, also in 

women with normal cytology. For example, for women aged 25–34 HPV prevalence is 

estimated as 9.3% in the US and 8.5% in the NL (Figures 28 in the USA and NL country 

reports of the HPV information centre, accessed at www.hpvcentre.net on September 11 

2016).

We found a higher rate of Pap tests (RR=2.4) in the US. The difference in rates was about 

the same for abnormal test results (RR=2.8), higher for punch biopsy (RR=3.9), and smaller 
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for CIN treatment (RR=1.7). From the rates in Table 3 it can be calculated that there were 

6.3% abnormal test in the US compared to 5.5% in the NL. The number of punch biopsies 

per abnormal test was 0.67 in the US and 0.48 in the NL. And the number of treatments per 

punch biopsy was 0.18 in the US and 0.42 in the NL. These findings suggest that the 

threshold for taking a biopsy in case of an abnormal test result was lower in the US than in 

NL. In view of the earlier finding of similar cervical cancer mortality rates in the two 

countries (14), the 70% higher treatment rates with US screening practice might 

predominantly involve regressive lesions (28,29).

The SEARCH integrated health care systems data were used for estimating overall US rates. 

Although the SEARCH population had socio-economic and racial/ethnic profiles similar to 

the local communities (16), it only consists of participants in integrated health care systems, 

and may not be representative of the entire US population, which includes uninsured women 

and those in fee-for-service arrangements. Also, the SEARCH preventive services practice 

might not be representative for the US. We therefore compared SEARCH with other US 

population based data. The 2007 US National Health Interview Survey (NHIS) indicates a 

Pap test intensity of about 400 tests per 1000 women per year, including women below 21 

and over 65 (14). The rate for the SEARCH sites is 400 for ages 21–65 and would be about 

260–290 for all ages, depending on the amount of screening outside the 21–65 age range 

(30). These differences may partly be explained by the fact that the NHIS estimates are 

based on women’s self-report, which may lead to an upward bias of 10% – 30% (31). Also, 

guidelines in SEARCH type of integrated health care systems recommended about 17 

lifetime Pap tests (34), compared to about 25 tests for national guidelines (14,33–35).

In 2010, the NHIS asked US women about having an abnormal test results in the past 3 

years (36,37). When linked with the NHIS data on having a Pap test in the last 3 years, about 

10% of Pap tests gave an abnormal result for the age group 21–65, which is higher than the 

6.5% in SEARCH. Again, differences might (partially) have been caused by over-reporting 

of abnormal tests (31).

State-wide cervical cancer screening data have been published for New Mexico for the years 

2008–2011 (38). We used 2008 data to compare with the 2007 SEARCH data. New Mexico 

has an atypical population with 10% (US 1%) American Indian population and 47% 

Hispanic population (US 17%), and a 20% poverty rate (US 15%) (http://

quickfactscensus.gov). Nevertheless, the age-specific screening rates were quite similar, 

about 2% lower than in SEARCH (38, supplemental Table 1). The rate of abnormal smears 

was almost identical for all age groups except for ages 40–50, with 24 per 1000 in SEARCH 

and 18 per 1000 in New Mexico (38, Supplemental Table 2).

In summary, the rates of Pap smear intensity, abnormal rates and treatment rates in SEARCH 

do not differ much from data from available national and state-wide US sources.

We have explored whether the 2007 results are applicable to more recent years. For NL, a 

small decease in screening (1% relative decrease per year) was documented between 2007 

and 2013, along with an increasing trend in abnormal test results (3% relative increase per 

year) (39). A possible cause of the increase in abnormal tests might be the increase in liquid 
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based cytology in the NL from 65% in 2007 to nearly 100% by 2011(40). In the US, 

cytology was already 100% liquid-based in 2007 in SEARCH (16). The US National Health 

Interview Survey data show a small 1% relative decrease per year between 2008 and 2013 in 

the percent of women 25–64 having a Pap test within the past 3 years (39,40). In New 

Mexico there was a downward trend in Pap test intensity between 2008 and 2011 (5% 

relative decrease per year), and an equal upward trend in the rate of abnormal test results 

(38, supplementary Tables 1 and 2). Together, these data tell us that changes in screening 

rates and abnormal test results between 2007 and 2013 were modest and balanced, 

suggesting that a comparison of the US and the NL for these years would have led to quite 

similar results. SEARCH-based screening recommendations are not yet outdated for Pap test 

screening, as the 2007 guidelines in these integrated health plans (32) are comparable to 

current national US guidelines for cytology alone screening, both recommending a Pap test 

every 3 years for women aged 21–65 years (43,44).

One should not expect, however, that the impact of the new 2012 US guidelines will already 

be visible in 2013, the most recent year of comparison, since it takes a few years for new 

recommendations to be adopted in the decentralized screening practice in the US. The NL 

cytology screening guideline, which promotes Pap screening every 5 years to women aged 

30–60 years, has not changed since 2007 (45).

In a comparison of harms-associated events, CIN treatment causes more serious health 

problems than a punch biopsy (Table 1). However, due to their greater volume punch 

biopsies cause more health problems on a population level (Table 4). Estimates of the 

frequency of health problems caused by CIN treatment and punch biopsies are uncertain 

given the paucity of studies. Nevertheless, the number of health problems associated with 

screening affects millions of US women each year.

Preterm birth can cause substantial human suffering as well as costs for neonatal intensive 

care and continued care after hospital discharge. A trend toward less aggressive treatment 

and a shift from extensive cold knife conisation to more conservative loop excisions have 

been observed over the last decades (46), but concerns have been raised regarding a 

concurrent decrease in therapeutic effectiveness (47). It is possible that our baseline 

assumption of 23% of excisions exceeding 10mm is not representative of overall practice in 

the US in 2007. Therefore we also explored the values of 18% and 50% in lower- and 

higher-risk scenarios. Assumptions on treatment rates for NL are not based on national data. 

It is nevertheless unlikely that the assumptions of 100% CIN2+ treatment and 25% CIN1 

treatment are far off the mark in view of the high follow-up rates in the NL (19). When NL 

treatment rates would have been lower than assumed, the difference in preterm births 

between US and NL practice would increase. The harms to the female population (Table 4) 

would be reduced, but not very much, because less treatments implies more punch biopsies 

with their associated problems. Importantly, the lack of data concerning the treatment of 

CIN in both US and NL highlights the need for better registration and more research to 

define the oncologic and obstetric safety of available treatment modalities.

Our finding that harms are more frequent under US than NL cervical screening practice 

while the level and downward trends in cervical cancer mortality and incidence are 
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comparable between the two countries (14) suggests that changes in US screening and 

follow-up practice would reduce the harms of cervical cancer screening without 

substantially reducing the benefits for US women. Apart from re-examining the frequency of 

and age range for screening, these results may encourage revision of protocols for follow-up 

and treatment (48). It is noteworthy that the American Cancer Society, the American Society 

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

considered harms when revising cervical cancer screening guidelines in 2012, using 

colposcopies as a proxy for all harms (44). Likewise, the US Preventive Services Task Force 

2012 guidelines concluded that the potential harms outweigh the benefits for women under 

the age of 21 years and over the age of 65 years (43).

We did not include screening data for women younger than 21 years or older than 65 years 

because these ages are outside the age range in the SEARCH database (16). Including those 

women would increase the differences between the US and the NL because almost no 

screening is conducted at younger ages in the NL, and for women age 65 and older the 5-

year screening rate was only 10% in the NL, compared to 60% in the US (14).

Hysterectomy rates have been roughly a factor 2 higher in the US than in the NL (49,50). 

This implies that if we had considered the female population at risk (with uterus), the 

difference in results between the US and the NL would have been larger, especially at older 

ages

A limitation of our study is our focus only on Pap screening. Cervical cancer screening is 

becoming increasingly complex, with recommendations involving combinations of 

cytological and human papillomavirus (HPV) testing (44). HPV-based screening is likely to 

result in higher screen-test positivity rates (51,52). Without strict adherence to evidence-

based policies, such as not starting HPV testing before the age of 30 years, harms could 

increase (51). In the future, HPV vaccination will reduce the incidence of cervical cancer 

and therefore lead to a less favourable balance between the benefits and harms of screening 

in HPV-vaccinated women. Guidelines for HPV-based screening recommend more screening 

visits in the USA, 5-year intervals for co-testing with cytology and HPV tests (44) or 3-year 

intervals for HPV testing alone (53) than in the NL, where starting 2017, HPV testing alone 

will be offered every 5 years between ages 30 and 40, followed by two screens at 50 and 60 

if HPV negative at the age of 40 (54). In 2007 and the following years, HPV testing still 

played a minor role. In the US, HPV co-testing increased in New Mexico from 5% in 2007 

to 19% in 2013 (55), and in SEARCH from no HPV testing in 2002 to about 7% in 

2007(16). In the NL, HPV testing was only done in trials and in some cases of triage, 

counting for a few percent of all tests. This may change completely when the new HPV 

testing program is implemented in the NL, foreseen for 2017 (54).

US cervical cancer screening guidelines have been updated to recommend less intensive 

screening, particularly for younger women. Our evidence suggests that such revisions are 

warranted. Further revisions should be based on quantitative evidence on the balance of 

harms and benefits that, to date, has not been available on a population basis for the US. 

While the NL has more extensive population-based data for cervical cancer screening and 

follow-up, the lack of data on treatment for precancerous lesions is a serious gap. The 
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development of such data resources would greatly facilitate evidenced-based evaluation and 

could hasten the improvement of screening practice in both countries (14).

In conclusion, although the benefits of cervical cancer screening are similar between the US 

and the NL, many more women in the US experience harms than would be the case under 

the less intensive NL screening practice. There is a lack of systematically collected harms 

data in both countries. Filling this gap is critically needed for better informed balancing of 

benefits against harms in making screening recommendations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND IMPACT

This is the first study on population-wide harmful health effects of cervical cancer 

screening, based on empirical data. We show that two countries with different 

recommendations and practice of screening, and with comparable beneficial effects of 

screening, experience markedly different harmful effects, emphasizing the importance of 

carefully considering harms alongside benefits. We recommend that adverse health 

effects of screening should be measured routinely and be included in monitoring and 

decision making.
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Table 1

Frequency of selected health problems in cervical cancer screening that are associated with a Pap test, an 

abnormal test result, a punch biopsy, and treatment

Proportion of women reporting
a health problem

Event Health Problem Total Light* Moderate+**

Pap test (5) Symptoms*** at least 2–7 days 13%

Abnormal test (3) Anxiety at least 12 weeks 35%

Punch biopsy (4) Pain 53% 25% 28%

Bleeding 79% 58% 21%

Discharge 46% 32% 14%

Treatment**** (4) Pain 67% 34% 33%

Bleeding 77% 24% 53%

Discharge 63% 21% 42%

*
Very light or light (4).

**
Moderate, severe, or very severe (4).

***
Lower abdominal pain, urinary discomfort, feeling sick, feeling dizzy, and/or painful sexual activity.

****
Loop electrosurgical excision (LEEP or LLETZ).
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