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eAppendix 1. Methods for focus groups. After formulating the screening strategies to be included in the 

decision analytic framework, we created a list of the health states for which utilities would be needed. To 

develop the health-state descriptions, we convened a series of focus groups with English- or Spanish-

speaking women seeking care at any one of the women’s health clinics and practices at the University of 

California, San Francisco (UCSF), or Zuckerberg San Francisco General Hospital (ZSFG). To recruit 

participants, study staff members screened appointment schedules, and a study recruiter approached 

potentially eligible patients in the clinic waiting area. Potential participants also were sent a letter by their 

provider inviting them to participate in a focus group. After describing the study and further assessing 

eligibility and confirming interest in participation, we invited participants to attend either an English- or a 

Spanish-language focus group meeting. The women were recruited, and four focus groups were held, 

between August and October of 2013. Participants received a $60 gift card to attend a 90-minute focus 

group. Institutional review board (IRB) approval for both focus groups and the cross-sectional study was 

obtained from the Committee on Human Research at UCSF and ZSFG. 

 

Among the 35 focus group participants, 16 opted to attend an English-language session and 19 participated 

in a Spanish-language session. Nineteen participants self-identified as Latina, 9 were white, 3 were African 

American, 2 were Asian, and 2 reported mixed race/ethnicity. A language-concordant moderator led a 

discussion of the various strategies and potential outcomes, asking participants about their familiarity with 

these scenarios and how they would feel about experiencing the processes and potential outcomes of each 

strategy. Themes that emerged from these discussions included discomfort with extending screening 

intervals, the need for reassurance from providers about how long it takes for cervical cancer to develop, a 

desire to have an annual check-up even there was no need for cervical cancer screening, greater comfort in 

extending screening intervals in the context of a stable relationship, concerns about how knowledge of 

one’s human papillomavirus (HPV) status could affect one’s sex life, and pain and discomfort with 

procedures such as colposcopy. Using this information we created the health state descriptions, using 

language suggested by the focus group participants to describe the clinical aspects of each scenario and a 

range of emotions a woman might experience in these scenarios. The finalized scenarios are in eTable 1. 
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eTable 1. Materials for cross-sectional study for utility measurements* 
Brief description of scenario Health state description Possible emotions related to health state 

Normal cytology • You have a Pap smear.  

• 2 weeks later you are told that the Pap 
smear is normal. 

• Some women feel pain or embarrassment during the 
examination for a Pap smear. 

• After receiving normal results, most women feel reassured 
that their chance of having abnormal cervical changes is 
low. 

Normal cytology in the past, no 
testing this year 

• In the past, you had a Pap smear.  
• You were told that the Pap smear was 

normal. 
• You are told that because your previous 

test was normal, you do not need any 
testing this year.  

• You will have Pap smears again in the 
future. 

• Some women feel reassured that their prior Pap was 
normal and feel happy that they do not need a Pap this 
year. 

• Other women feel worried about not having a Pap because 
something may be missed. 

• Many women feel concerned about not having a Pap every 
year because that is what they are used to. 

Abnormal cytology (atypical 
squamous cells of undetermined 
significance), repeat cytology in 
1 year 

• You have a Pap smear. 
• 2 weeks later you are told that the Pap 

smear is slightly abnormal. 

• You are told to return in one year for 
another Pap smear. 

• Many women feel confused by the “slightly abnormal” Pap 
smear result. 

• Some women feel reassured that the Pap was only “slightly 
abnormal” and that they only need a repeat Pap in 1 year. 

• Other women feel anxious about waiting for 1 year for 
further testing when their results are abnormal. 

Abnormal cytology, colposcopy 
normal 

• You have a Pap smear.  

• 2 weeks later you are told that the Pap 
smear is abnormal. 

• You are told that you need to have a 
colposcopy and biopsy. 

• You have the colposcopy and biopsy. 

• 2 weeks later you are told that the biopsy 
is normal. 

• Many women feel concerned when they receive abnormal 
Pap results and feel anxious while they are waiting for the 
colposcopy results. 

• Many women experience pain during a biopsy and bleeding 
afterwards. 

• After receiving normal colposcopy results, many women 
feel relieved that their chance of having abnormal cervical 
changes is low. 

• Other women feel annoyed that they had to have biopsies 
and further testing but in the end their cervix seems to be 
normal. 

Screening colposcopy normal • Instead of having a Pap smear or an HPV 
test, you have a colposcopy and biopsy.  

• 2 weeks later you are told that the biopsy 
is normal. 

• Many women experience pain during a biopsy and bleeding 
afterwards. 

• After receiving normal results, most women feel reassured 
that their chance of having abnormal cervical changes is 
low. 
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• Many women feel more confident in the results because 
colposcopy and biopsy rarely misses abnormal cervical 
changes that may be present. 

• Some women wonder why it was necessary to have such a 
painful test. 

Normal colposcopy in the past, 
no testing this year 

• In the past, you had a colposcopy and 
biopsy, instead of a Pap smear or an HPV 
test for screening. 

• You were told that the colposcopy and 
biopsy were normal.  

• You are told that because these tests 
were normal in the past, you do not need 
any testing this year. 

• You will have colposcopies again in the 
future. 

• Some women feel reassured that their prior colposcopy 
was normal and feel happy that they do not need a 
colposcopy this year. 

• Other women feel concerned about not having a 
colposcopy because something may be missed. 

Abnormal colposcopy (e.g., 
cervical intraepithelial neoplasia 
grade 1), no treatment 
recommended, repeat testing in 
1 year 

• You have a colposcopy and biopsy.  

• 2 weeks later you are told that the biopsy 
shows abnormal cervical changes that 
have a very high chance of returning to 
normal if left untreated. 

• You are told that instead of having a 
treatment you should return for a Pap 
smear and an HPV test in 1 year. 

• Many women feel concerned about the cervical changes. 

• Some women feel relieved that they do not need treatment 
at this time, and that they will have testing again in 1 year. 

• Other women feel anxious about not having treatment and 
having to wait another year for testing. 

Colposcopy abnormal (e.g., 
cervical intraepithelial neoplasia 
grade 3), excisional treatment 

• You have a colposcopy and biopsy.  

• 2 weeks later you are told that the biopsy 
shows abnormal cervical changes that 
have a high chance of becoming cancer if 
left untreated. 

• You are told that this part of your cervix 
should be removed (with a LEEP or cone 
biopsy). 

• You are told that the treatment has a high 
cure rate.  

• You are also told that it could increase 
your chance of having a premature baby if 
you get pregnant in the future. 

•  You have the treatment. 

• Many women experience pain during treatment. 

• Many women who want children in the future are 
concerned that this treatment may increase their chances 
of having a premature baby. 

• Most women feel happy that the problem was found before 
it became cancer and that it was easy to treat. 

 

Negative HPV test  • You have a test to know if you are infected 
with the virus that causes cervical cancer, 
human papillomavirus or HPV. 

• Some women feel pain or embarrassment during the 
examination for an HPV test. 
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• 2 weeks later you are told that you that 
you do not have an HPV infection. 

• After receiving normal test results, most women feel 
reassured that their chance of having abnormal cervical 
changes is low. 

Negative HPV test in the past, 
no testing this year 

• In the past, you had an HPV test. 
• You were told that you did not have an 

HPV infection.  
• You are told that because you did not 

have an HPV infection, you do not need 
any testing this year. 

• You will have HPV tests again in the 
future. 

• Some women feel reassured that they did not have an HPV 
infection in the past and feel happy that they do not need a 
test this year. 

• Other women feel worried about not having an HPV test 
because something may be missed. 

Positive HPV, colposcopy 
normal 

• You have a test to see if you are infected 
with HPV. 

• 2 weeks later you are told that you have 
an HPV infection. 

• You are told that you need to have a 
colposcopy and biopsy. 

• You have the colposcopy and biopsy.  

• 2 weeks later you are told that the biopsy 
is normal. 

• Many women feel concerned and embarrassed to hear that 
they have an HPV infection. 

• Some women wonder if they got the HPV infection from 
their current partner and worry about how the infection will 
affect their sex life. 

• Many women experience pain during a biopsy and bleeding 
afterwards. 

• After receiving normal colposcopy results, most women feel 
relieved to know their chance of having abnormal cervical 
changes is low. 

• Other women feel annoyed that they had to have biopsies 
and further testing but in the end their cervix seems to be 
normal. 

Colposcopy abnormal (e.g., 
cervical intraepithelial neoplasia 
grade 2), no treatment 
recommended, repeat 
colposcopy in 6 months 

• You have a colposcopy and biopsy.  
• 2 weeks later you are told that the biopsy 

shows abnormal cervical changes that 
have a 50/50 chance of returning to 
normal if left untreated. 

• You are told that instead of having a 
treatment you should return for another 
colposcopy in 6 months. 

• Many women feel concerned about the cervical changes. 

• Some women feel relieved that they do not need treatment 
at this time, and that their cervix will be examined again in 
6 months. 

• Other women feel anxious about not having treatment and 
having to wait 6 months to have another cervical exam. 

Colposcopy abnormal (e.g., 
stage 1a1 cancer, 
adenocarcinoma in situ), simple 
hysterectomy 

• You have a colposcopy and biopsy.  
• 2 weeks later you are told that the biopsy 

shows abnormal cervical changes that 
have a high chance of becoming cancer if 
left untreated.  

• Many women feel concerned about needing a major 
operation. 

• After the surgery, some women feel sad about no longer 
having a uterus. 

• Some women feel relieved that they no longer have periods 
or have to worry about birth control. 
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• You are told that the changes are very 
difficult to cure without removing the cervix 
entirely. 

• You are told that you should have a 
hysterectomy. 

• You have the surgery and now have no 
chance of getting cervical cancer. 

• Since you no longer have a uterus, you 
cannot become pregnant. 

• Many women feel relieved to know that they can no longer 
get cervical cancer. 

Hysterectomy in the past, no 
testing this year 

• In the past, you were diagnosed with 
abnormal cervical changes and had a 
hysterectomy. 

• Because your cervix was removed, you 
have no chance of getting cervical cancer. 

• Since you no longer have a uterus, you 
cannot become pregnant. 

• Most women feel relieved to know that they can no longer 
get cervical cancer. 

• Some women feel sad about no longer having a uterus. 

• Some women feel relieved that they no longer have periods 
or have to worry about birth control. 

Colposcopy, early-stage cervical 
cancer, radical hysterectomy 

• You have a colposcopy and biopsy. 
• You are told that you have early-stage 

cervical cancer. 
• You are told that you should have a 

radical hysterectomy that removes your 
uterus, cervix and the upper part of your 
vagina. 

• You have the surgery. 
• Since you no longer have a uterus, you 

cannot become pregnant. 
• You are told that you have a high chance 

of being cured. 

• Most women who are told they have early-stage cervical 
cancer experience anxiety. 

• Most women are relieved that the cancer was caught early 
and they have a high chance of being cured. 

• Many women experience depression and worry about 
dying. 

• Many women are relieved that they don’t have to have 
radiation with chemotherapy. 

Early stage cervical cancer and 
radical hysterectomy in the past 

• In the past, you were diagnosed with 
early-stage cervical cancer and had a 
radical hysterectomy. 

• Since you no longer have a uterus, you 
cannot become pregnant. 

• You have some problems with urination 
and sexual function. 

• Most women are relieved that the cancer was caught early 
and they have a high chance of being cured. 

• Some women continue to experience anxiety about having 
had cancer. 

• Some women feel sad about no longer having a uterus. 

• Some women feel relieved that they no longer have periods 
or have to worry about birth control. 

Colposcopy, advanced-stage 
cervical cancer, radiation with 
chemotherapy 

• You have a colposcopy and biopsy. 
• You are told that you have advanced-

stage cervical cancer. 
• You are told that you should have 

radiation with chemotherapy. 

• Most women who are told they have advanced stage 
cervical cancer experience anxiety. 

• Many women experience depression and worry about 
dying. 



© 2019 American Medical Association. All rights reserved.  

• You have this treatment. 
• You are told that you have a 50/50 chance 

of being cured. 
• You are told that if the cancer returns, you 

have a high chance of dying from it.  
• You are told that you have a high chance 

of having problems with urination, bowel 
function and sexual function. 

• Many women are worried about having radiation with 
chemotherapy and how it will affect their lives. 

Advanced-stage cervical cancer, 
radiation with chemotherapy in 
the past, no testing this year 

• In the past, you were diagnosed with 
advanced-stage cervical cancer and had 
radiation with chemotherapy. 

• Since you had radiation, you cannot 
become pregnant. 

• You have some problems with urination, 
bowel function and sexual function. 

• Some women continue to experience anxiety about having 
had cancer. 

• Since the cancer was found at an advanced stage, many 
women continue to experience depression.  

• Since the cancer was found at an advanced stage, many 
women worry about the cancer returning and that they will 
die. 

Screening test, no results, 
repeat screening test, normal 
results 

• You have a screening test, such as a Pap 
smear or an HPV test. 

• 2 weeks later you are told that the test 
didn’t work and that it will need to be 
repeated. 

• You go back to the clinic to have a repeat 
test. 

• 2 weeks later you receive normal results. 

• Many women feel annoyed to hear that the test did not 
work and that they have to return to the clinic. 

• After receiving normal test results, most women feel 
reassured that their chance of having abnormal cervical 
changes is low. 

Pap and HPV test, both normal • You have a Pap smear and an HPV test at 
the same time.  

• 2 weeks later you are told that the Pap 
smear is normal and that you do not have 
an HPV infection. 

• Some women feel pain or embarrassment during the 
examination for a Pap smear and HPV test. 

• After receiving normal results, most women feel reassured 
that their chance of having abnormal cervical changes is 
low. 

• Many women feel more confident of the results because 
two tests were used. 

Normal Pap and a negative HPV 
test in the past, no testing this 
year 

• In the past, you had both a Pap smear 
and an HPV test.  

• You were told that your Pap smear was 
normal and that you did not have an HPV 
infection. 

• You are told that because your Pap smear 
was normal and you did not have an HPV 
infection, you do not need any testing this 
year. 

• Some women feel reassured because their previous tests 
were normal and they feel happy that they do not need any 
tests this year. 

• Other women feel worried about not having testing 
because something may be missed. 



© 2019 American Medical Association. All rights reserved.  

• You will have Pap smears and HPV tests 
again in the future. 

Abnormal cytology (atypical 
squamous cells of undetermined 
significance), HPV negative 

• You have both a Pap smear and an HPV 
test at the same time.  

• 2 weeks later you are told that the Pap 
smear is slightly abnormal.  

• You are also told that you do not have an 
HPV infection.  

• You have no further testing this year. 

• Most women feel reassured that they do not have an HPV 
infection. 

• Many women feel confused by the “slightly abnormal” Pap 
smear result. 

• Some women feel concerned that some cells are” slightly 
abnormal” and that nothing is being done for a year. 

Abnormal cytology (atypical 
squamous cells of undetermined 
significance) and a negative 
HPV test in the past, no testing 
this year 

• You have had both a Pap smear and an 
HPV test in the past. 

• You were told you that the Pap smear was 
slightly abnormal. 

• You were also told that you did not have 
an HPV infection.  

• You are told that you do not need any 
testing this year. 

• You will have Pap smears and HPV tests 
again in the future. 

• Some women feel reassured because their HPV test was 
normal and they feel happy that they do not need any tests 
this year. 

• Other women feel concerned that cells were slightly 
abnormal and that nothing is being done this year. 

Normal cytology, HPV positive, 
repeat co-testing in 1 year.  

• You have a Pap smear and an HPV test at 
the same time.  

• 2 weeks later you are told that the Pap 
smear is normal.  

• You are also told that you have an HPV 
infection.  

• You are told to come back in 1 year for 
another Pap smear and HPV test. 

• After receiving normal Pap results, most women feel 
reassured that they have a low chance of having abnormal 
cervical changes. 

• Many women feel concerned and embarrassed to hear that 
they have an HPV infection. 

• Some women wonder if they got the HPV infection from 
their current partner and worry about how the infection will 
affect their sex life. 

• Some women feel reassured that they only need repeat 
testing in 1 year. 

• Other women feel anxious about waiting for 1 year for 
further testing when they have an HPV infection. 

Normal cytology, HPV 
persistently positive, colposcopy 
normal 

• In the past, you had an HPV test that 
showed you had an HPV infection. Your 
Pap smear was normal at that time. 

• Now, you again have both a Pap smear 
and an HPV test.  

• 2 weeks later you are told that the Pap 
smear is still normal. 

• You are also told that you still have an 
HPV infection.  

• Many women feel concerned that they still have an HPV 
infection. 

• Many women experience pain during a biopsy and bleeding 
afterwards. 

• Many women feel relieved by their normal colposcopy 
results. 
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• You are told that you need to have a 
colposcopy and biopsy. 

• You have the colposcopy and biopsy.  

• 2 weeks later you are told that the biopsy 
is normal. 

• Other women feel annoyed that they had to have biopsies 
and further testing but in the end their cervix seems to be 
normal. 

Abnormal cytology, HPV 
positive, colposcopy normal 

• You have both a Pap smear and an HPV 
test at the same time.  

• 2 weeks later you are told that your Pap 
smear was abnormal and that you have 
an HPV infection.  

• You are told that you need to have a 
colposcopy and biopsy. 

• You have the colposcopy and biopsy.  
• 2 weeks later you are told that the biopsy 

is normal. 

• Many women feel concerned when they receive abnormal 
Pap results and feel anxious while they are waiting for the 
colposcopy results. 

• Many women feel concerned and embarrassed to hear that 
they have an HPV infection. 

• Some women wonder if they got the HPV infection from 
their current partner and worry about how the infection will 
affect their sex life. 

• Many women experience pain during a biopsy and bleeding 
afterwards. 

• Many women feel relieved by their normal colposcopy 
results. 

• Other women feel annoyed that they had to have biopsies 
and further testing but in the end their cervix seems to be 
normal. 

Colposcopy abnormal (e.g., 
cervical intraepithelial neoplasia 
grade 3), ablative treatment 

• You have a colposcopy and biopsy. 
• 2 weeks later you are told that the biopsy 

shows abnormal cervical changes that 
have a high chance of becoming cancer if 
left untreated. 

• You are told that this part of your cervix 
should be destroyed (with freezing or with 
a laser beam). 

• You are told that this treatment has a high 
cure rate. 

• You are also told that it does not increase 
your chance of having a premature baby if 
you get pregnant in the future. 

• You have the treatment. 

• Many women feel concerned about the cervical changes. 

• Some women experience severe cramping during 
treatment. 

• Most women feel happy that the problem was found before 
it became cancer and that it was easy to treat. 

*participants considered the full year during which these events happened when assessing utilities 
Abbreviations: Pap, Papanicolaou; HPV, human papillomavirus  
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eAppendix 2. Methods for cross-sectional study (utility measurements) 

To obtain utilities for the potential outcomes of the various screening strategies, we conducted a cross-sectional study of 

452 women seeking care at UCSF or ZSFG between September 2014 and June 2016, using a recruitment process 

similar to that for the focus groups. A sample size of 450 was chosen to provide precision of utility mean estimates. By 

design, the total planned sample size equaled 450 patients and each health state was to be evaluated by approximately 

two-thirds of sampled patients (n300). Via simulations that incorporated the empirical distributions of utilities 

observed in our prior research, we estimated 95% confidence interval widths around mean utility values ranging from 

.80 to .95 with n=300.  Although technically asymmetric, the confidence regions were approximately symmetric, 

ranging from +/-0.02 to +/-0.03 for mean utility values from 0.95 to 0.80, respectively. The expected confidence 

interval widths suggested good precision of estimation.  

 

Women aged 21-65 years who spoke English or Spanish were eligible to participate. We approached 1386 women: 575 

declined participation, 811 expressed interest in being interviewed, and 452 completed the interview (33% of all 

approached). Demographics were not collected for those who were approached and did not participate. Participants 

were allowed to select pre-defined race/ethnicity categories; investigators defined these categories to allow compliance 

with NIH reporting mandates. In addition, we chose to collect race/ethnicity information to assess the diversity of our 

group of enrollees. Study participation consisted of one face-to-face interview lasting 35-60 minutes, and all participants 

received a $50 gift card as remuneration. After signing informed consent, participants completed an interviewer-

administered questionnaire containing items related to their sociodemographic and clinical characteristics. They then 

viewed a 7-minute, narrated video about cervical cancer screening methods in English1 or Spanish2 and were provided 

with supplemental educational cards with the information in eTable 1 (columns 2 and 3) to aid in their understanding of 

the scenarios they were asked to assess.   
 

While many different methods have been used to measure patient preferences for cost-utility analyses (e.g., direct 

elicitation of hypothetical outcomes, indirect methods utilizing generic, preference-based instruments),3 we opted to 

assess utilities directly using the time trade-off method; we chose this method to capture the nuances of both short- and 

longer-term potential outcomes of the various tests, procedures and treatments that women encounter during the 

complex process of cervical cancer screening. The time trade-off metric4,5 generates utilities by asking how many years 

of life the respondent is willing to give up (in 1-month increments) to avoid a less-than-ideal outcome. Utilities 

quantify preferences for health states, or potential outcomes of clinical decisions, on a scale from 0=the least preferred 

outcome (typically death) to 1=the ideal outcome. To measure these utilities, we used ELICIT, a computerized utility 

assessment tool we developed for another study.6 The preference elicitation procedure for each scenario consisted of 

asking participants to choose between living their full life expectancy with a less-than-ideal outcome (e.g., being 

diagnosed with advanced cervical cancer) to living a shorter life expectancy with a hypothetical ideal outcome: Never 

needing to be screened or treated for cervical neoplasia and never worrying about getting cervical cancer.  

 

The time trade-off utility is defined as the reduced life expectancy years with the hypothetical ideal outcome at the point 

where the assessor is indifferent to the two options. For example, a woman whose remaining life expectancy is 50 

years and is indifferent to a choice between living for 40 years (a shortened life expectancy) never needing to be 

screened or treated for cervical cancer versus living for 50 years (her full life expectancy) after receiving abnormal test 

results and then having a cone biopsy has a time tradeoff utility for this outcome of 0.80 (40/50).  

 

We measured utilities for potential health states occurring following screening testing strategies starting with 1) Pap 

alone, 2) high-risk human papillomavirus (hrHPV) testing alone, or 3) Pap and hrHPV testing together (co-testing). 

Participants were asked to consider the full year during which the scenario occurred when assessing their utility. We 

asked participants about a year in which prior screening test results were normal but in which no screening would be 

performed; this allowed us to assign a utility to all years across the lifespan and flexibly model various screening 

frequencies. We were also interested in determining how women would feel about alternative screening strategies: 

colposcopy alone, a “screen and treat” strategy and home testing. The first 262 interviews focused on 27 scenarios, for 

which we employed a 3-form design to minimize participant fatigue. The scenarios were grouped into sets of 9 each, 

and each participant was randomized to evaluate 2 of the 3 groups (for a total of 18 scenarios). To minimize possible 

effects of the order in which scenarios were presented, we also randomized the set presentation order.  

 

Using standardized scripts, each scenario was read aloud by the study interviewer while the participant viewed a card 

that included a graphic representation of the sequence of events described. To help the assessor consider how she might 

feel about being in the situation described, the back of the card listed emotions that might be felt by women 
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experiencing the scenario based on focus group results and prior studies and. After the first 262 interviews were 

completed, 4 of the original scenarios (2 screen-and-treat and 2 home testing) were replaced with 4 new cancer-specific 

outcome scenarios. In this way, we obtained utilities for 31 potential outcomes of alternative screening strategies. Utility 

means and 95% confidence bound values were estimated via naive bootstrap with 1000 bootstrap samples. For this 

manuscript, we report the 23 utilities pertinent to the scenarios presented in the 12 current and proposed cervical cancer 

screening strategies.  

 

To assess whether exposure to our educational materials and the preference elicitation exercise had an effect on their 

preferences for screening, we asked the first 262 participants to select one preferred screening strategy from the 

following list: once a year with a Pap smear alone; once every 3 years with a Pap smear alone; once every 3 years with a 

HPV test alone; once every 3 years with both a Pap and HPV test; once every 5 years with both a Pap and HPV 

test; once every 8 years with colposcopy or, ‘my health care provider told me that I don’t need to be screened’. We then 

asked women the same question after exposure to our educational materials and the preference elicitation exercise. 
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eAppendix 3. Results of cross-sectional study (utility measurements). In total, 452 women participated; utility 

measurements were only available for 451 women due to a computer error. Final utility measurements are Table 1 in the 

main manuscript. Sociodemographic characteristics are detailed in eTable 2. Briefly, the mean age of participants was 

38.2 years, and about half were married or living with a significant other (52%). The sample was racially/ethnically and 

socio-economically diverse, with less than half (43%) self-identifying as White, and over a third (37%) having annual 

household incomes under $50,000. About two-thirds (64%) had college degrees. Nearly all had prior cervical cancer 

screening. 
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eTable 2. Sociodemographic and clinical characteristics of study participants 
(n=451)a 

Characteristic N (%)a 

Age (mean + SD) 38.2 ± 10.7 

  20-44 years 340 (75.4%)  

  45-65 years 111 (24.6%) 

Relationship status  

  Married/living together 236 (52.3%) 

  Significantly involved but not living together 61 (13.5%) 

  Single/not significantly involved 154 (34.1%) 

Race/ethnicity   

  African American/Black 59 (13.1%) 

  Asian/Pacific Islander 70 (15.5%) 

  Latina/Hispanic 69 (15.3%) 

  Mixed/Other 60 (13.3%) 

  White 193 (42.8%) 

Language for interview   

  English 425 (94.2%) 

  Spanish 26 (5.8%) 

Annual household income, $   

  <50,000 166 (39.2%) 

  50,000 - 100,000 105 (24.8%) 

  100,001 - 200,000 92 (21.7%) 

   >200,000 61 (14.4%) 

Education   

  <High school 59 (13.1%) 

  Some college 102 (22.6%) 

  College graduate 153 (33.9%) 

  Post-graduate degree 137 (30.4%) 

Cervical cancer screening history  

Pap smear (ever) 446 (99.1%) 

  Pap smear frequencyb  

    At least every 1-2 years 340 (77.1%) 

    Every 3-5 years 88 (20.0%) 

    Less often than every 5 years 13 (2.9%) 

  Pap smear with abnormal results 209 (46.3%) 

Human papillomavirus test (ever) 186 (41.3%) 

   Human papillomavirus test with positive results 81 (18.0%) 

Colposcopy (ever) 148 (33.0%) 

  Colposcopy with abnormal results 69 (15.3%) 

Treatment history  

Ablative therapy  

  Cryosurgery 33 (7.4%) 

  Laser 7 (1.6%) 

  Both 3 (0.7%) 

Excisional therapy  

  Loop excision  26 (5.8%) 

  Cold knife cone biopsy 7 (1.6%) 

  Both 5 (1.1%) 

Hysterectomy (any type) 25 (5.6%) 
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a among those reporting ever having had a Pap smear 
b some categories do not add to 451 due to missing data 
c not confirmed by chart review; may include precancerous lesions mistaken for cervical cancer by enrollees7  
d Removing these 19 women from the utility analysis did not change conclusions about cost-effectiveness. 
 

  Hysterectomy (supracervical) 7 (1.6%) 

Parity  

  Prior birth 216 (47.9%) 

  Prior preterm birth 28 (6.2%) 

Cancer history  

  History of cervical cancerc 19 (4.3%)d 

  History of any other cancer 34 (7.6%) 



© 2019 American Medical Association. All rights reserved.  

eTable 3. Participants’ preferred screening strategy before and after viewing the 
educational materials and performing the utility exercise (n=262) 

a P-value from Bowker’s test of symmetry.  Simple Kappa = 0.3649 (95%CI 0.2898, 0.4399)

Preferred strategy Before After p-valuea 

n % n %  

Once a year with a Pap smear alone 163 62.2 92 35.1 <0.001 

Once every 3 years with a Pap smear alone 29 11.1 13 5.0  

Once every 3 years with a HPV test alone 2 0.8 1 0.4  

Once every 3 years with both a Pap & HPV test 58 22.1 125 47.7  

Once every 5 years with both a Pap & HPV test 8 3.1 28 10.7  

My health care provider told me I don't need to 
be screened 

2 0.8 3 1.2  
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eAppendix 4. Natural history of human papillomavirus infection, cervical intraepithelial 

neoplasia and cervical cancer 

The natural history model simulated a single birth cohort of women who are at average risk of developing cervical 

cancer, defined as not immune-compromised and not vaccinated against HPV. The transitions were age- and HPV 

type-specific dependent. The Markov cycle length was 1 year. The cohort started at age 10 years and all girls are 

assumed to be normal (i.e., not HPV infected). Every year, women were at risk of becoming infected with HPV 

16/18 or other oncogenic types (i.e., 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68). Women who were infected could 

clear their infection, stay infected or progress to cervical intraepithelial neoplasia (CIN). Women with CIN1 could 

progress to CIN2 or CIN3 and/or regress (to normal). Women with CIN2 could remain in the same state, progress to 

CIN3, or regress (to CIN1 or normal). Women with CIN3 could remain in the same state, progress to cancer, or 

regress (to CIN or normal). Cancer was modeled as 4 stages (Stage I, Stage II, Stage III and Stage IV).  Women with 

cancer faced an increasing risk of having their cancer detected based on symptoms as they progressed from Stage I 

to Stage IV. The state-transition diagram of the natural history model of HPV and cervical cancer is shown in 

eFigure 1.  
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eFigure 1. State-transition diagram of natural history model of type-specific HPV 

infection and cervical cancer 

 
Abbreviations: HPV, human papillomavirus. CIN, cervical intraepithelial neoplasia, HR, high-risk (HPV types) 

 
We defined the type-specific transition probabilities with the following equations (example for transition from CIN1 

to CIN2)8: 

 

𝑝𝐶𝐼𝑁1−𝐶𝐼𝑁2
16/18

=
𝑅𝑅 ∗ 𝑝𝐶𝐼𝑁1−𝐶𝐼𝑁2
𝑓 ∗ 𝑅𝑅 + (1 − 𝑓)

,

𝑝𝐶𝐼𝑁1−𝐶𝐼𝑁2
𝑂𝑡𝐻𝑅 =

𝑝𝐶𝐼𝑁1−𝐶𝐼𝑁2
𝑓 ∗ 𝑅𝑅 + (1 − 𝑓)

,
 

where 𝑝𝐶𝐼𝑁1−𝐶𝐼𝑁2
16/18

 and 𝑝𝐶𝐼𝑁1−𝐶𝐼𝑁2
𝑂𝑡𝐻𝑅  are the transition probabilities from CIN1 to CIN2 for women infected with HPV 

types 16/18 and other high-risk types, respectively, 𝑝𝐶𝐼𝑁1−𝐶𝐼𝑁2 is the overall transition probability from CIN1 to 

CIN2, 𝑅𝑅 is the relative risk of transitioning from CIN1 to CIN2  in women infected with 16/18 compared to those 

with other high-risk types, and 𝑓 is the proportion of women infected with HPV types 16/18 relative to other high-

risk types. The natural history parameters related to incidence, progression and regression over a period of one year 

are presented in eTable 4.  
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eTable 4. Natural history parameters of human papillomavirus infection, cervical 
intraepithelial neoplasia and cervical cancer, over a 1-year period 

Parameter Prior Rangesa Maximum a posteriori estimateb 

HPV Incidence, by age in years9-15   

   10-12 (0.01, 0.10) 0.051 

   13 (0.10, 0.20) 0.172 

   14 (0.10, 0.30) 0.203 

   15 (0.10, 0.30) 0.222 

   16 (0.10, 0.30) 0.287 

   17 (0.10, 0.30) 0.300 

   18 (0.10, 0.30) 0.334 

   19 (0.10, 0.30) 0.147 

   20-23 (0.10, 0.25) 0.408 

   24-29 (0.05, 0.15) 0.143 

   30-49 (0.01, 0.10) 0.027 

   50+ (0.01, 0.10) 0.016 

Proportion of HPV infections that are type 
16/18 relative to other high-risk types 

(0.100, 0.700) 0.242 

Progression (overall)9,13,16-28   

HPV to CIN1 (0.010, 0.300) 0.200 

HPV to CIN2 (0.005, 0.050) 0.029 

CIN1 to CIN2, by age in years   

   10-34 (0.020, 0.250) 0.132 

   35+ (0.020, 0.250) 0.020 

CIN1 to CIN3 (0.001, 0.075) 0.008 

CIN2 to CIN3, by age in years   

   10-34 (0.010, 0.200) 0.047 

   35-44 (0.010, 0.300) 0.053 

   45+ (0.010, 0.500) 0.012 

CIN3 to cancer Stage 1, by age in years   

   10-14 (0.010, 0.100) 0.023 

   15-19 (0.005, 0.010) 0.005 

   20-24 (0.005, 0.010) 0.006 

   25-29 (0.008, 0.040) 0.011 

   30-34 (0.008, 0.040) 0.013 

   35-39 (0.008, 0.050) 0.012 

   40-44 (0.008, 0.050) 0.022 

   45-49 (0.008, 0.050) 0.019 

   50+ (0.008, 0.050) 0.036 

Regression (overall)9,13,16-28   

HPV to well, by age in years   

10-24 (0.200, 0.800) 0.252 

25-29 (0.100, 0.600) 0.174 

30+ (0.100, 0.500) 0.078 

CIN1 to HPV, by age in years   

10-34 (0.090, 0.370) 0.165 

35+ (0.060, 0.250) 0.210 

CIN1 to well, by age in years   

12-34 (0.200, 0.460) 0.317 

35+ (0.100, 0.310) 0.225 

CIN2 to CIN1 (0.100, 0.350) 0.167 

CIN2 to HPV (0.010, 0.100) 0.013 

CIN2 to well (0.090, 0.100) 0.094 
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CIN3 to CIN2 (0.0005, 0.020) 0.001 

CIN3 to HPV, by age in years   

10-44 (0.0010, 0.020) 0.003 

45+ (0.0005, 0.010) 0.001 

CIN3 to well, by age in years   

10-44 (0.0010, 0.020) 0.098 

45+ (0.0005, 0.010) 0.001 

Relative risks (HPV types 16/18 versus 
other high-risk HPV types)29-32 

  

HPV to well (0.3, 1.0) 0.617 

HPV to CIN1 (0.5, 1.0) 0.472 

HPV to CIN2 (1.5, 3.5) 2.708 

CIN1 to well (0.4, 1.0) 1.651 

CIN1 to HPV (0.5, 1.0) 0.612 

CIN1 to CIN2 (1.0, 3.0) 2.160 

CIN1 to CIN3 (1.0, 3.0) 2.969 

CIN2 to well (0.5, 1.0) 0.705 

CIN2 to HPV (0.5, 1.0) 0.945 

CIN2 to CIN1 (0.4, 1.0) 0.776 

CIN2 to CIN3 (1.0, 4.0) 2.293 

CIN3 to well (0.5, 1.0) 0.591 

CIN3 to HPV (0.5, 1.0) 1.450 

CIN3 to CIN2 (0.5, 1.0) 0.799 

CIN3 to Stage 1 cancer (1.0, 5.0) 1.760 
Abbreviations: HPV, human papillomavirus. CIN, cervical intraepithelial neoplasia  
arefers to the 95% interquantile range of the prior distributions used for the Bayesian calibration, over a 1-year period 
bparameter that maximizes the posterior distribution, over a 1-year period 

 

Women with Stage II through IV cancers could have their cancer detected through symptoms in the absence of 

screening. Cancer mortality was based on age and stage specific 10-year relative survival reported in SEER.33 

Women were assumed to enter a cancer survivor state after 10 years. Each year, women were assumed to face an 

age-dependent risk of undergoing a hysterectomy for non-malignant conditions34 or dying from other causes.35 

eTable 5 shows the probabilities related to these parameters.  
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eTable 5. Probabilities of outcomes related to cervical cancer (symptoms, 
progression, survival) and likelihood of hysterectomy for nonmalignant 
conditions 

Parameter Probabilitya Reference 

Cancer symptoms   

Stage I 0.15 12 

Stage II 0.225 

Stage III 0.6 

Stage IV 0.9 

Cancer progression   

Stage I 0.9 over 4 years 12 

Stage II 0.9 over 3 years 

Stage III 0.9 over 2 years 

Stage IV 0.9 over 1 year 

Cancer survival   

Stage I 0.943-0.997b 33 

Stage II/III 0.851–0.967b 

Stage IV 0.750-0.989b  

Hysterectomy for non-malignant 
conditions, ages 15+ years 

0000-.0045 34 

Death from other causes, ages 10+ yearsc 12.1-13,016 per 100,000 35 
aper year, unless otherwise noted 
bage-specific relative survival (conditional in the model) 
cconverted to annual probabilities 
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eAppendix 5. Model calibration 
Parameters of mathematical models can be either unobserved or unobservable for various reasons (e.g., financial, 

practical or ethical). Model calibration is the process of estimating values for unknown or uncertain parameters of a 

mathematical model by matching model outputs to observed clinical or epidemiological data (known as calibration 

targets). The goal is to identify parameter values that maximize the fit between model outputs and the calibration 

targets.36-38 Accordingly, we calibrated the parameters of the natural history part of our model (the Comparative 

Effectiveness Research to Validate and Improve Cervical Cancer Screening, or CERVICCS model) to observed 

target data using a Bayesian approach.39 We used the incremental-mixture important sampling (IMIS) algorithm to 

calibrate the model parameters.40 Using this method, we obtained posterior distributions for all the parameters and a 

maximum a posteriori (MAP) estimate. The MAP estimate is the mode of the posterior distribution, which is the 

value with the most support from the data and the specified prior.41 The MAP estimate represents a single best 

fitting parameter set36 that is used as the base case for deterministic analyses of the model. The posterior 

distributions obtained using the IMIS algorithm were used for the probabilistic sensitivity analysis (PSA) for the 

cost-effectiveness analysis.    

 

Calibration targets. We used the following data as calibration targets: 1) HPV prevalence by type and by age from 

the New Mexico population-based study of HPV,42 2) cervical cancer incidence by age from Surveillance, 

Epidemiology and End Results (SEER) registries prior to widespread screening, and 3) proportion of cancers 

attributable to HPV type 16/18 versus other high-risk types.43 

  

Likelihood functions. We assigned a likelihood function to each target. To compute an aggregated likelihood 

measure across all targets, we added the log-likelihoods of each target. We assumed that HPV prevalence by type 

and age, the proportion of cancers being 16/18 vs. other HR and cancer incidence by age follow a normal 

distribution 

𝑦𝑖 ∼ Normal(𝜙𝑖 , 𝜎𝑖), 
where 𝜙𝑖 is the model-predicted output that corresponds to the target 𝑦𝑖  with standard error 𝜎𝑖 for age group 𝑖. 
 

Prior distributions. The prior distributions represent the information on the parameters before these are updated by 

the epidemiological calibration targets. For the transition probabilities, we assumed logit-normal prior distributions 

to constrain them between 0 and 1. For the relative risk parameters, we assumed log-normal prior distributions to 

constrain them over positive numbers. The ranges given in eTable 4 were assumed to represent the 95% equal-tailed 

interval for both the logit- and log-normal distributions and were chosen to include a range of estimates reported in 

the literature. The natural history of the CERVICCS model and the calibration of its parameters were programmed 

in R.44  
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eAppendix 6. Model validation 
To validate the CERVICCS model, we conducted both an internal and external validation in which we propagated 

the uncertainty of the calibrated parameters by randomly drawing 1,000 parameter sets from their joint posterior 

distribution obtained from the IMIS algorithm. For the internal validation, the comparison between the model-

predicted outputs and calibration targets are shown in eFigures 2-4. To externally validate the natural history of the 

CERVICCS model, we took a two-fold approach: First, we modeled a cytology-based screening algorithm under 

different screening frequencies in combination with the CERVICCS natural history model and compared the model-

predicted incidence and mortality (with all women alive included in the denominator) to Surveillance, Epidemiology 

and End Results (SEER) data. We weighted the proportion of the population by the frequency of screening every 1, 

2, 3, 4 and 5 years or that have never been screened45,46 To propagate the uncertainty on both the screening 

frequencies and test characteristics, we conducted an uncertainty analysis by randomly drawing the natural history 

parameters from their joint posterior distribution. For the sensitivity of the screening test, we assigned a beta 

distribution. For the frequency of screening, we assumed a Dirichlet distribution where we calculated the parameters 

using a method of moments47 using the means and standard errors obtained from the lower and upper bounds of the 

confidence intervals previously reported.45,46 The values and distributions for the sensitivity parameter and 

frequency of screening are shown in eTable 6. We then compared the output of the model evaluated at 1,000 

different combinations of parameters sets with the screening algorithm described above to the minimum and 

maximum values of cervical cancer incidence and mortality in SEER from 2000-2014 (eFigure 5 and 6). For these 

comparisons with SEER data, women who have a hysterectomy are included in the denominator. For the second 

external validation, we simulated the protocol from the FOCAL Trial48 in combination with the natural history in 

our model and compared model-predicted CIN2+ and colposcopies against outcomes reported from the trial at 

baseline and cumulatively over round one for both the cytology and HPV arms (eFigure 7). This validation approach 

has been recently used by others.49 
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eFigure 2. Model-predicted HPV prevalence by age and HPV type in relation to the 

calibration targets 

Shaded region represents model-predicted posterior 95% interquantile range and points with error bands represent the mean and 
confidence interval of the calibration targets. 

We obtained a posterior predicted mean lifetime risk of cervical cancer of 2.8% (95% credible interval, 2.7-3.1%). 
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eFigure 3. Model-predicted cervical cancer, by age and calibration targets

 
Shaded region represents model-predicted posterior 95% interquantile range and points with error bands represent the mean and 
confidence interval of the calibration targets.	
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eFigure 4. Model-predicted proportion of cancer cases attributable to HPV types 
16/18 versus other high-risk HPV types, by age and calibration targets 
 

 
Shaded region represents model-predicted posterior 95% interquantile range and points with error bands represent the mean and 
confidence interval of the calibration targets 
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eTable 6. Values and distributions for the sensitivity parameter and frequency of 

screening 

Parameter Value Distribution  
(parameters) 

Sensitivity of cytology for CIN2+ 0.70 Fixed 

Sensitivity of cytology for cancer 0.90 Beta  
(alpha = 30.2, beta = 34) 

Frequency of screening Proportion of population Dirichlet  
(alpha1 = 13.7, alpha2 = 

8.8, alpha3 = 15.5, alpha4 
= 10.1, alpha5 = 33.6, 

alpha6 = 13.7) 

     Never screened 14.4% 

     1 9.20% 

     2 16.2% 

     3 10.6% 

     4 35.2% 

     5 14.4% 
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eFigure 5. Cervical cancer incidence predicted by the calibrated model with 
overlaid screening algorithm compared with minimum and maximum values of 
SEER between 2000-2014 
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eFigure 6. Cervical cancer mortality predicted by the calibrated model with 

overlaid screening algorithm compared with minimum and maximum values of 

SEER between 2000-2014 
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eFigure 7. Comparison of model-predicted outcomes to FOCAL trial outcomes
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eAppendix 7. Detailed screening, diagnosis and treatment algorithms 
Based on guidelines published by the American Society for Colposcopy and Cervical Pathology,50 we programmed the clinical actions described in eTable 7.  
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eTable 7. Cervical cancer screening strategies evaluated in women aged 21-65 years 
Screening test(s) and 

periodicity 
Conditions for 

return to 
screening  

Conditions for 
referral to 

colposcopy 

Conditions for 
placement in 
surveillanced 

Surveillance strategy  
(test, frequency, 
conditions for 
colposcopy) 

Post-treatment 
follow-up strategy  
(test, frequency) 

Cytology every 3 
years 

Normal cytology ≥LSIL  ASC-US 
 

cytology in 1y and then 
3y, then routine; 

colposcopy for ≥ASC-
US 

annual cytology 
twice, then every 3 

years 
 

Cytology every 3 
years 

Normal cytology 
or  

ASC-US and 
hrHPV negative 

ASC-US and 
hrHPV+; 

≥LSIL 

None cytology plus hrHPV in 
1y and then 3y, then 

routine; 
colposcopy if either 
HPV+ or ≥ASC-US 

annual cytology plus 
hrHPV twice, then 

every 3 years 

Cytology plus hrHPV 
testing every 5 yearsa 

Normal cytology 
and hrHPV 
negative 

ASC-US and 
hrHPV+; 

≥LSIL 
 

Normal cytology 
and hrHPV+ 

cytology plus hrHPV in 
1y and then 3y, then 

routine; 
colposcopy if either 
HPV+ or ≥ASC-US 

annual cytology plus 
hrHPV twice, then 

every 3 years 
 

Cytology plus hrHPV 
testing every 5 yearsa 

Normal cytology 
and hrHPV 
negative 

ASC-US and 
hrHPV+;  
≥LSIL; 

normal cytology, 
hrHPV+ and 
genotyping+ 

Normal cytology, 
hrHPV+ and 
genotyping 
negative 

cytology plus hrHPV in 
1y and then 3y, then 

routine; 
colposcopy if either 
HPV+ or ≥ASC-US 

annual cytology plus 
hrHPV twice, then 

every 3 years 
 

hrHPV testing every 
3 or 5 years, begin 
age 25b or 30c 

hrHPV negative ≥ASC-US and 
hrHPV+  

 

Normal cytology 
and hrHPV+ 

 

cytology plus hrHPV, in 
1y and then 3y, then 

routine; 
colposcopy if either 
HPV+ or ≥ASC-US 

annual cytology plus 
hrHPV twice, then 

every 3 years 

hrHPV testing every 
3 years 3 or 5 years, 
begin age 25b or 30c 

hrHPV negative hrHPV+ and 
genotyping+; 

hrHPV+, genotyping 
negative and ≥ASC-

US  

hrHPV+, 
genotyping 

negative and 
normal cytology 

 

cytology plus hrHPV, in 
1y and then 3y, then 

routine;  
colposcopy if either 
HPV+ or ≥ASC-US 

annual cytology plus 
hrHPV twice, then 

every 3 years 

awomen aged 21-29 years screened with cytology every 3 years with hrHPV triage for ASC-US  

bwomen aged 21-24 years screened with cytology every 3 years with hrHPV triage for ASC-US 
cwomen aged 25-29 screened with cytology every 3 years with hrHPV triage for ASC-US 
dwomen with cervical intraepithelial neoplasia  grade1 or less at colposcopy also placed in post-colposcopy surveillance 
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Abbreviations: ASC-US, atypical squamous cells of undetermined significance; ≥ASC-US, ASC-US, low-grade squamous intraepithelial lesion (SIL), high-grade SIL (HSIL), ASC 
cannot rule out HSIL (ASC-H), atypical glandular cells (AGC) or cancer; ≥LSIL, LSIL, HSIL, ASC-H, AGC or cancer; HPV, human papillomavirus; hrHPV+, positive testing for high-risk 
human papillomavirus; genotyping+, positive testing for HPV types 16 or 18 

 

The appropriateness of various actions, including treatments, depended in part on whether the squamo-columnar junction was seen; we estimated this likelihood 

(by age) based on a prior study.51 When treatments were recommended, we assigned the proportion that was ablation (cryosurgery) or excision (loop excision, 

cone biopsy) based on a study reporting first known treatments for high-grade cervical intraepithelial neoplasia (excluding hysterectomy as a treatment).52 

Additional details are included below: 

• Screening: Cytology and histology conditional probabilities were used to distribute women into the various cytology categories.49,53 

• Surveillance: Surveillance applied to women with a risk of CIN2+ above the screening threshold but below the colposcopy threshold; it also applied to 

women with no CIN2+ found at colposcopy. 

• Special surveillance after ASC-H or HSIL cytology followed by a normal colposcopy: These women had repeat colposcopy and cytology every 6 

months for 2 years. Subsequent management depended on whether the squamo-columnar junction was seen.51  

• Management and treatment of CIN1: All women with CIN1 had surveillance (as per eTable 7, column 4) for up to 2 years. Given ASCCP guidelines 

regarding treatment of women with persistent CIN1,50 we assumed that women with persistent CIN1 were treated; treatment efficacy was 95%.54 

• Management and treatment of CIN2: Treatment depended on age and whether the squamo-columnar junction was seen.51 Surveillance was repeat 

colposcopy and cytology every 6 months for up to 2 years. Women with persistent CIN2 were treated; treatment efficacy was 95%.54 

• Treatment of CIN3: All women had immediate treatment; treatment efficacy was 95%.54 

• Post-treatment follow-up: Follow-up was the primary screening test at one-year intervals twice (using post-treatment setting accuracy estimates) and if 

both were normal, return to the primary screening test (using screening setting accuracy estimates). Periodicity was at a shorter-interval for 20 years 

before returning to the primary screening interval, as long as it did not exceed 3 years. All women who had been treated were followed until 20 years 

post treatment (per American College of Obstetricians and Gynecologists guidelines) or age 85. Management of test results was per eTable 7, column 3. 
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eAppendix 8. Detailed utility mapping 
Detailed clinical algorithms used for each strategy evaluated along with utility mapping are in eFigures 8-14. For all figures, A, B and C (red font) refer to the 

utilities applied at each time-delimited, one-year segment throughout the clinical cascade for each screening strategy; eTable 8 provides the key for each utility 

value. The first column in each figure is the results of one screening round, and the arrows indicate clinical actions following various test results. A proportion of 

women aged less than 40 years diagnosed with CIN2 had surveillance instead of treatment (as per the bullet point above).  

 

The following abbreviations apply to each figure: ASC, atypical squamous cells of undetermined significance; ≥ASC-US, ASC-US, low-grade squamous 

intraepithelial lesion (SIL), high-grade SIL (HSIL), ASC cannot rule out HSIL (ASC-H), atypical glandular cells (AGC) or cancer; ≥LSIL, LSIL, HSIL, ASC-H, 

AGC or cancer; HPV, high-risk human papillomavirus; HPV+, positive testing for high-risk human papillomavirus; genotyping+, positive testing for HPV types 

16 or 18; cyto, cytology; AIS, adenocarcinoma in situ; SimpHyst, simple hysterectomy; RadHyst, radical hysterectomy; Chemo+, chemotherapy/radiation; Post-

tx f/u, post-treatment follow-up 
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eFigure 8. Cytology q3, repeat cytology in 1 year for ASC-US 
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eFigure 9: Cytology q3, HPV triage for ASC-US 
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eFigure 10: Cytology plus HPV testing q5 (co-testing), repeat co-testing in 1 year for normal cytology/HPV+ 
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eFigure 11: Cytology plus HPV testing q5 (co-testing), genotyping triage for normal cytology /HPV+ 
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eFigure 12: HPV testing q3 or q5, cytology triage for HPV+ 
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eFigure 13: HPV testing q3 or q5, genotyping triage for HPV+ plus cytology triage if hrHPV+/genotyping negative 
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eFigure 14: Screening in women ages 21-24 years: Cytology q3, repeat cytology in 1 year for ASC-US or LSIL 
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eTable 8. Keys to utility states used in the clinical algorithms and mapped in red in eFigures 8-14 
 

Key, brief utility description 

A1. Normal cytology  

A2. Normal cytology in the past, no testing this year 

C1. Normal cytology and negative hrHPV test 

C2. Normal cytology and a negative hrHPV test in the past, no testing this year 

A4. Abnormal cytology, colposcopy normal 

B2. Negative hrHPV test in the past, no testing this year 

B1. Negative hrHPV test  

C8. Colposcopy abnormal (e.g., cervical intraepithelial lesion grade 3), ablative treatment 

A7. Colposcopy abnormal (e.g., cervical intraepithelial lesion grade 1), no treatment recommended, repeat testing in 1 year 

A3. Abnormal cytology (atypical squamous cells of undetermined significance), repeat cytology in 1 year 

C4. Abnormal cytology (atypical squamous cells of undetermined significance) and a negative hrHPV test in the past, no testing this year 

C7. Abnormal cytology, hrHPV positive, colposcopy normal 

C3. Abnormal cytology (atypical squamous cells of undetermined significance), hrHPV negative 

B3. hrHPV positive, colposcopy normal 

C6. Normal cytology, hrHPV persistently positive, colposcopy normal 

C5. Normal cytology, hrHPV positive, repeat co-testing in 1 year. 

B4. Colposcopy abnormal (e.g., cervical intraepithelial lesion grade 2), no treatment recommended, repeat colposcopy in 6 monthsa 

A8. Colposcopy abnormal (e.g., cervical intraepithelial lesion grade 3), excisional treatment 

B6. Hysterectomy in the past, no testing this year 

B5. Colposcopy abnormal (e.g., stage1a1 cancer, adenocarcinoma in situ), simple hysterectomy 

B10. Colposcopy, early-stage cervical cancer, radical hysterectomy 

B11. Early stage cervical cancer and radical hysterectomy in the past 

B12. Colposcopy, advanced-stage cervical cancer, radiation with chemotherapy  

B13. Advanced-stage cervical cancer, radiation with chemotherapy in the past, no testing this year 

ScreUtil. Utilities for the primary screening strategy used  
a given Markov cycle lengths of 1 year, this utility was applied for 1 year in the model 
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eAppendix 9. Sensitivity analyses 
 
eTable 9. Lifetime costs, quality-adjusted life-years and incremental cost-effectiveness ratios: sensitivity analyses related 
to test accuracy estimates 

Strategy Cost, 
$ 

QALYs ICERs,  
$/QALYa 

Using unadjusted ATHENA accuracy estimates    

  hrHPV testing q5, genotyping triage for hrHPV+ plus cytology triage if hrHPV+/genotyping 
negative, begin age 30 

1238 28.76273 0 

  hrHPV testing q5, cytology triage for hrHPV+, begin age 30 1249 28.75330 Dominated 

  hrHPV testing q5, genotyping triage for hrHPV+ plus cytology triage if hrHPV+/genotyping 
negative, begin age 25 

1270 28.73113 Dominated 

  hrHPV testing q5, cytology triage for hrHPV+, begin age 25 1277 28.72060 Dominated 

  Cytology q3, hrHPV triage for ASC-US 1288 28.83665 676 

  Cytology plus hrHPV testing (co-testing) q5, repeat co-testing in 1 year for normal cytology/hrHPV+ 1409 28.81195 Dominated 

  hrHPV testing q3, genotyping triage for hrHPV+ plus cytology triage if hrHPV+/genotyping 
negative, begin age 30 

1413 28.73693 Dominated 

  Cytology plus hrHPV testing (co-testing) q5, genotyping triage for normal cytology/hrHPV+ 1414 28.81112 Dominated 

  hrHPV testing q3, cytology triage for hrHPV+, begin age 30 1430 28.71804 Dominated 

  Cytology q3, repeat cytology in 1 year for ASC-US  1475 28.90800 2621 

  hrHPV testing q3, genotyping triage for hrHPV+ plus cytology triage if hrHPV+/genotyping 
negative, begin age 25 

1489 28.71608 Dominated 

  hrHPV testing q3, cytology triage for hrHPV+, begin age 25 1502 28.69243 Dominated 

Using a high-specificity estimate for hrHPV testing (sensitivity 0.927; specificity 0.933)b    

  hrHPV testing q5, cytology triage for hrHPV+, begin age 30 1230 28.76522 0 

  hrHPV testing q5, cytology triage for hrHPV+, begin age 25 1260 28.72786 Dominated 

  Cytology q3, hrHPV triage for ASC-US 1267 28.84109 741 

  hrHPV testing q3, cytology triage for hrHPV+, begin age 30 1399 28.72910 Dominated 

  Cytology q3, repeat cytology in 1 year for ASC-US  1420 28.91174 2166 

  hrHPV testing q3, cytology triage for hrHPV+, begin age 25 1453 28.69853 Dominated 
aDominated strategies provide fewer QALYs at greater costs than the adjacent, non-dominated, lower-cost strategy.  
bEstimate for hrHPV tests using E6/E7 mRNA. Due to lack of direct evidence regarding how these changes in specificity might affect accuracy 
estimates for co-testing and primary hrHPV testing with genotyping triage, these strategies were excluded from these models. 
 
Abbreviations: ASC-US, atypical squamous cells of undetermined significance; hrHPV, high-risk human papillomavirus; HPV+, positive testing for 
hrHPV; ATHENA, Addressing THE Needs for Advanced HPV diagnostics
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eAppendix 10. Detailed utility evaluation 
 
To evaluate whether utility values varied by demographic or clinical characteristics of participants, we fit Poisson models 
of reflected utility values (i.e., 1-[utility value]). Each model initially included X variables representing all patient 
characteristics included in eTables 10 and 11, plus two indicators representing recruitment site as well as the permuted 
set of utilities randomly assigned to the respondent. Model-predicted mean values for reflected utilities were estimated for 
each X variable category and subsequently back-transformed to represent covariate-adjusted utility mean values in their 
natural metric. P-values from global ('omnibus') tests of each X variable are shown. We acknowledge that we have limited 
power to detect differences, especially for characteristics of low prevalence.  
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eTable 10. Adjusted utilities for various health states related to cervical cancer screening and surveillance, by 
characteristica 

Characteristic Prior normal results, no screening in the 
current year 

Surveillance after abnormal results  

Normal Pap 
in the past, 
no testing 
this year 

p-value Negative 
HPV test in 
the past, no 
testing this 

year 

p-value Pap normal, 
HPV positive; 

repeat co-
testing in 1 year 

p-value Colposcopy 
abnormal, no 

treatment 
recommended; repeat 

colposcopy in 6 
months 

p-value 

Demographic         

Age 
21-34 
35-49 
50-65 

 
0.9891 
0.9791 
0.9554 

0.56  
0.9635 
0.9824 
0.9851 

0.75  
0.9266 
0.9515 
0.9591 

0.43  
0.9001 
0.9335 
0.9477 

0.45 

Race/ethnicity 
White 

African-American 
Asian/PI 

Latina-English 
Latina-Spanish 

Mixed/other 

 
0.9744 
0.9795 
0.9916 
0.9746 
0.9873 
0.9912 

0.97  
0.9755 
0.9688 
0.9790 
0.9661 
0.9986 
0.9581 

0.88  
0.9398 
0.9404 
0.9425 
0.9139 
0.9617 
0.9631 

0.96  
0.9267 
0.8868 
0.9277 
0.8987 
0.9814 
0.9156 

0.94 

Educational 
attainment 

≤High school 
Some college 

College graduate 
Graduate degree 

 
0.9913 
0.9802 
0.9825 
0.9792 

0.97  
0.9913 
0.9620 
0.9645 
0.9841 

0.52  
0.9587 
0.9232 
0.9359 
0.9572 

0.81  
0.9511 
0.8841 
0.9021 
0.9477 

0.57 

Clinical         

Cervical screening 
results in past  

No prior abnormal 
results 

Prior abnormal 
results, no treatment 

Prior abnormal 
results, treatment 

 
 

0.9842 
0.9788 

 
0.9835 

0.98  
 

0.9709 
0.9712 

 
0.9907 

0.50  
 

0.9493 
0.9416 

 
0.9305 

0.90  
 

0.9256 
0.9100 

 
0.9316 

0.94 

Prior HPV vaccination 
(at least one dose) 

Yes 
No 

 
 

0.9890 
0.9792 

0.97  
 

0.9606 
0.9751 

0.37  
 

0.9600 
0.9430 

0.51 
 

 
 

0.9145 
0.9279 

0.87 
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Don’t know 0.9868 0.9944 0.9125 0.8869 

History of any cancer 
Yes  
No 

 
0.9789 
0.9831 

0.88  
0.9927 
0.9726 

0.32  
0.9397 
0.9446 

0.86  
0.9369 
0.9207 

0.81 

Prior hysterectomy 
Yes  
No 

 
0.9834 
0.9826 

0.84  
0.9827 
0.9754 

0.89  
0.9593 
0.9427 

0.99  
0.9006 
0.9236 

0.50 

a adjusted for all variable in table as well as randomized group and site.  



© 2019 American Medical Association. All rights reserved.  

eTable 11. Adjusted utilities for various health states related to false-positive testing and treatments, by 
characteristica 

Characteristic False-positive testing Treatment 
Normal Pap 
in the past, 
no testing 
this year 

p-value Negative 
HPV test in 
the past, no 
testing this 

year 

p-value Pap normal, 
HPV positive; 

repeat co-
testing in 1 year 

p-value Colposcopy 
abnormal, no 

treatment 
recommended; repeat 

colposcopy in 6 
months 

p-value 

Demographic         

Age 
21-34 
35-49 
50-65 

 
0.9626 
0.9788 
0.9583 

0.61  
0.9443 
0.9511 
0.9558 

0.96  
0.9543 
0.9540 
0.9668 

0.89  
0.9153 
0.9319 
0.9142 

0.87 

Race/ethnicity 
White 

African-American 
Asian/PI 

Latina-English 
Latina-Spanish 

Mixed/other 

 
0.9675 
0.9698 
0.9778 
0.9748 
0.9556 
0.9604 

0.98  
0.9557 
0.9404 
0.9447 
0.9381 
0.9669 
0.9397 

1.00  
0.9554 
0.9729 
0.9535 
0.9203 
0.9801 
0.9462 

0.86  
0.9303 
0.8770 
0.9229 
0.9059 
0.9546 
0.9091 

0.94 

Educational 
attainment 

≤High school 
Some college 

College graduate 
Graduate degree 

 
0.9754 
0.9717 
0.9617 
0.9707 

0.97  
0.9636 
0.9218 
0.9325 
0.9687 

0.51  
0.9618 
0.9465 
0.9539 
0.9647 

0.95  
0.9531 
0.8675 
0.9170 
0.9364 

0.37 

Clinical         

Cervical screening 
results in past  

No prior abnormal 
results 

Prior abnormal 
results, no treatment 

Prior abnormal 
results, treatment 

 
0.9607 
0.9693 

 
0.9855 

0.73  
0.9418 
0.9538 

 
0.9601 

0.85  
0.9577 
0.9528 

 
0.9612 

0.97  
0.9180 
0.9159 

 
0.9397 

0.86 

Prior HPV vaccination 
(at least one dose) 

Yes 
No 

Don’t know 

 
 

0.9663 
0.9715 
0.9522 

0.86  
 

0.9476 
0.9501 
0.9397 

0.98  
 

0.9750 
0.9537 
0.9319 

0.63  
 

0.9144 
0.9247 
0.9136 

1.00 
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Characteristic False-positive testing Treatment 
Normal Pap 
in the past, 
no testing 
this year 

p-value Negative 
HPV test in 
the past, no 
testing this 

year 

p-value Pap normal, 
HPV positive; 

repeat co-
testing in 1 year 

p-value Colposcopy 
abnormal, no 

treatment 
recommended; repeat 

colposcopy in 6 
months 

p-value 

History of any cancer 
Yes  
No 

 
0.9820 
0.9665 

0.52  
0.9688 
0.9461 

0.55  
0.9590 
0.9566 

0.96  
0.9389 
0.9188 

0.70 

Prior hysterectomy 
Yes  
No 

 
0.9932 
0.9669 

0.54  
0.9425 
0.9492 

0.85  
0.9609 
0.9566 

0.99  
0.9468 
0.9202 

0.77 

a adjusted for all variable in table as well as randomized group and site. 
 

 



© 2019 American Medical Association. All rights reserved.  

eReferences 

 
1. Comparative Effectiveness Research to Validate and Improve Cervical Cancer Screening (CERVICCS) study 

educational video in English. 

https://www.youtube.com/watch?v=mFjGzYTt8cQ&t=2s&list=UURtvTHxdgqr5rc9r7vZ-LNQ&index=3 

Accessed September 10, 2018. 

2. Comparative Effectiveness Research to Validate and Improve Cervical Cancer Screening (CERVICCS) study 

educational video in Spanish. 

https://www.youtube.com/watch?v=c8HywjFAEXI&list=UURtvTHxdgqr5rc9r7vZ-LNQ Accessed September 

10, 2018. 

3. Prosser LA, Grosse SD, Wittenberg E. Health utility elicitation: is there still a role for direct methods? 

Pharmacoeconomics. 2012;30(2):83-86. 

4. Torrance GW. Measurement of health state utilities for economic appraisal. J Health Econ. 1986;5(1):1-30. 

5. Torrance GW, Thomas WH, Sackett DL. A utility maximization model for evaluation of health care programs. 

Health Serv Res. 1972;7(2):118-133. 

6. Wu JM, Fulton RG, Amundsen CL, Knight SK, Kuppermann M. Patient preferences for different severities of 

and treatments for overactive bladder. Female Pelvic Med Reconstr Surg. 2011;17(4):184-189. 

7. Manjer J, Merlo J, Berglund G. Validity of self-reported information on cancer: determinants of under- and 

over-reporting. Eur J Epidemiol. 2004;19(3):239-247. 

8. Kuntz KM, Goldie SJ. Assessing the sensitivity of decision-analytic results to unobserved markers of risk: 

defining the effects of heterogeneity bias. Med Decis Making. 2002;22(3):218-227. 

9. Castle PE, Schiffman M, Herrero R, et al. A prospective study of age trends in cervical human papillomavirus 

acquisition and persistence in Guanacaste, Costa Rica. J Infect Dis. 2005;191(11):1808-1816. 

10. Dunne EF, Unger ER, Sternberg M, et al. Prevalence of HPV infection among females in the United States. 

JAMA. 2007;297(8):813-819. 

11. Moscicki AB, Hills N, Shiboski S, et al. Risks for incident human papillomavirus infection and low-grade 

squamous intraepithelial lesion development in young females. JAMA. 2001;285(23):2995-3002. 

12. Myers ER, McCrory DC, Nanda K, Bastian L, Matchar DB. Mathematical model for the natural history of 

human papillomavirus infection and cervical carcinogenesis. Am J Epidemiol. 2000;151(12):1158-1171. 

13. Schiffman M, Kjaer SK. Chapter 2: Natural history of anogenital human papillomavirus infection and 

neoplasia. J Natl Cancer Inst. 2003;Monographs(31):14-19. 

14. Winer RL, Feng Q, Hughes JP, O'Reilly S, Kiviat NB, Koutsky LA. Risk of female human papillomavirus 

acquisition associated with first male sex partner. J Infect Dis. 2008;197(2):279-282. 

15. Winer RL, Lee SK, Hughes JP, Adam DE, Kiviat NB, Koutsky LA. Genital human papillomavirus infection: 

incidence and risk factors in a cohort of female university students. Am J Epidemiol. 2003;157(3):218-226. 

16. Baseman JG, Koutsky LA. The epidemiology of human papillomavirus infections. J Clin Virol. 2005;32 Suppl 

1:S16-24. 

17. De Aloysio D, Miliffi L, Iannicelli T, Penacchioni P, Bottiglioni F. Intramuscular interferon-beta treatment of 

cervical intraepithelial neoplasia II associated with human papillomavirus infection. Acta Obstet Gynecol 

Scand. 1994;73(5):420-424. 

18. Hildesheim A, Schiffman MH, Gravitt PE, et al. Persistence of type-specific human papillomavirus infection 

among cytologically normal women. J Infect Dis. 1994;169(2):235-240. 

19. Ho GY, Bierman R, Beardsley L, Chang CJ, Burk RD. Natural history of cervicovaginal papillomavirus 

infection in young women. N Engl J Med. 1998;338(7):423-428. 

20. Holowaty P, Miller AB, Rohan T, To T. Natural history of dysplasia of the uterine cervix. J Natl Cancer Inst. 

1999;91(3):252-258. 

21. Kataja V, Syrjanen K, Mantyjarvi R, et al. Prospective follow-up of cervical HPV infections: life table analysis 

of histopathological, cytological and colposcopic data. Eur J Epidemiol. 1989;5(1):1-7. 

22. Koutsky LA, Holmes KK, Critchlow CW, et al. A cohort study of the risk of cervical intraepithelial neoplasia 

grade 2 or 3 in relation to papillomavirus infection. N Engl J Med. 1992;327(18):1272-1278. 

23. Matsumoto K, Yasugi T, Oki A, et al. IgG antibodies to HPV16, 52, 58 and 6 L1-capsids and spontaneous 

regression of cervical intraepithelial neoplasia. Cancer Lett. 2006;231(2):309-313. 

24. McCredie MR, Sharples KJ, Paul C, et al. Natural history of cervical neoplasia and risk of invasive cancer in 

women with cervical intraepithelial neoplasia 3: a retrospective cohort study. Lancet Oncol. 2008;9(5):425-

434. 

https://www.youtube.com/watch?v=mFjGzYTt8cQ&t=2s&list=UURtvTHxdgqr5rc9r7vZ-LNQ&index=3
https://www.youtube.com/watch?v=c8HywjFAEXI&list=UURtvTHxdgqr5rc9r7vZ-LNQ


© 2019 American Medical Association. All rights reserved.  

25. Syrjanen K, Kataja V, Yliskoski M, Chang F, Syrjanen S, Saarikoski S. Natural history of cervical human 

papillomavirus lesions does not substantiate the biologic relevance of the Bethesda System. Obstet Gynecol. 

1992;79(5 ( Pt 1)):675-682. 

26. Winer RL, Kiviat NB, Hughes JP, et al. Development and duration of human papillomavirus lesions, after 

initial infection. J Infect Dis. 2005;191(5):731-738. 

27. Woodman CB, Collins S, Winter H, et al. Natural history of cervical human papillomavirus infection in young 

women: a longitudinal cohort study. Lancet. 2001;357(9271):1831-1836. 

28. Yokoyama M, Iwasaka T, Nagata C, et al. Prognostic factors associated with the clinical outcome of cervical 

intraepithelial neoplasia: a cohort study in Japan. Cancer Lett. 2003;192(2):171-179. 

29. Clifford GM, Smith JS, Aguado T, Franceschi S. Comparison of HPV type distribution in high-grade cervical 

lesions and cervical cancer: a meta-analysis. Br J Cancer. 2003;89(1):101-105. 

30. Clifford GM, Smith JS, Plummer M, Munoz N, Franceschi S. Human papillomavirus types in invasive cervical 

cancer worldwide: a meta-analysis. Br J Cancer. 2003;88(1):63-73. 

31. Insinga RP, Dasbach EJ, Elbasha EH. Epidemiologic natural history and clinical management of Human 

Papillomavirus (HPV) Disease: a critical and systematic review of the literature in the development of an HPV 

dynamic transmission model. BMC Infect Dis. 2009;9:119. 

32. Joste NE, Ronnett BM, Hunt WC, et al. Human papillomavirus genotype-specific prevalence across the 

continuum of cervical neoplasia and cancer. Cancer Epidemiol Biomarkers Prev. 2015;24(1):230-240. 

33. SEER Program. SEER*Stat Database: Cancer Mortality, Total U.S. (1975-2012) <Howlader Algorithm>. 

National Cancer Institute, DCCPS, Surveillance Research Program; 2014. 

34. Centers for Disease Control and Prevention (CDC). National Hospital Discharge Survey Data. Hyattsville, 

MD: U.S. Department of Health and Human Services, Centers for Disease Control and Prevention; 2009. . 

35. Human Mortality Database. U.S. Male and Female Lifetables [Internet]. University of California, Berkeley 

(USA), and Max Planck Institute for Demographic Research (Germany).; 1995.  http://www.mortality.org 

Accessed September 10, 2018. 

36. Stout NK, Knudsen AB, Kong CY, McMahon PM, Gazelle GS. Calibration methods used in cancer simulation 

models and suggested reporting guidelines. Pharmacoeconomics. 2009;27(7):533-545. 

37. Vanni T, Karnon J, Madan J, et al. Calibrating models in economic evaluation: a seven-step approach. 

Pharmacoeconomics. 2011;29(1):35-49. 

38. Alarid-Escudero F, MacLehose RF, Peralta Y, Kuntz KM, Enns EA. Nonidentifiability in Model Calibration 

and Implications for Medical Decision Making. Med Decis Making. 2018;38(7):810-821. 

39. Menzies NA, Soeteman DI, Pandya A, Kim JJ. Bayesian Methods for Calibrating Health Policy Models: A 

Tutorial. Pharmacoeconomics. 2017;35(6):613-624. 

40. Raftery AE, Bao L. Estimating and Projecting Trends in HIV/AIDS Generalized Epidemics Using Incremental 

Mixture Importance Sampling. Biometrics. 2010;66(4):1162-1173. 

41. Hamra G, MacLehose R, Richardson D. Markov chain Monte Carlo: an introduction for epidemiologists. Int J 

Epidemiol. 2013;42(2):627-634. 

42. Wheeler CM, Hunt WC, Cuzick J, et al. A population-based study of human papillomavirus genotype 

prevalence in the United States: baseline measures prior to mass human papillomavirus vaccination. Int J 

Cancer. 2013;132(1):198-207. 

43. Wheeler CM, Hunt WC, Joste NE, Key CR, Quint WG, Castle PE. Human papillomavirus genotype 

distributions: implications for vaccination and cancer screening in the United States. J Natl Cancer Inst. 

2009;101(7):475-487. 

44. Jalal H, Pechlivanoglou P, Krijkamp E, Alarid-Escudero F, Enns E, Hunink MGM. An Overview of R in 

Health Decision Sciences. Med Decis Making. 2017;37(7):735-746. 

45. Cuzick J, Myers O, Hunt WC, et al. A population-based evaluation of cervical screening in the United States: 

2008-2011. Cancer Epidemiol Biomarkers Prev. 2014;23(5):765-773. 

46. Kim JJ, Campos NG, Sy S, et al. Inefficiencies and High-Value Improvements in U.S. Cervical Cancer 

Screening Practice: A Cost-Effectiveness Analysis. Ann Intern Med. 2015;163(8):589-597. 

47. Narayanan A. A note on parameter estimation in the multivariate beta distribution. . Comput Math with Appl. 

1992;24(10):11-17. 

48. Ogilvie GS, Krajden M, van Niekerk D, et al. HPV for cervical cancer screening (HPV FOCAL): Complete 

Round 1 results of a randomized trial comparing HPV-based primary screening to liquid-based cytology for 

cervical cancer. Int J Cancer. 2017;140(2):440-448. 

49. Kim JJ, Burger EA, Regan C, Sy S. Screening for Cervical Cancer in Primary Care: A Decision Analysis for 

the US Preventive Services Task Force. JAMA. 2018;320(7):706-714. 

http://www.mortality.org/


© 2019 American Medical Association. All rights reserved.  

50. Massad LS, Einstein MH, Huh WK, et al. 2012 updated consensus guidelines for the management of abnormal 

cervical cancer screening tests and cancer precursors. Obstet Gynecol. 2013;121(4):829-846. 

51. Gage JC, Duggan MA, Nation JG, Gao S, Castle PE. Detection of cervical cancer and its precursors by 

endocervical curettage in 13,115 colposcopically guided biopsy examinations. Am J Obstet Gynecol. 

2010;203(5):481 e481-489. 

52. Patel DA, Saraiya M, Copeland G, Cote ML, Datta SD, Sawaya GF. Treatment patterns for cervical carcinoma 

in situ in Michigan, 1998-2003. J Registry Manag. 2013;40(2):84-92. 

53. Kim JJ, Burger EA, Regan C, et al. Screening for Cervical Cancer in Primary Care: A Decision Analysis for 

the U.S. Preventive Services Task Force [Internet]. Evidence Syntheses, No. 158s. Table 4 Rockville, MD: 

Agency for Healthcare Research and Quality (US); 2018 Aug.  

54. Santesso N, Mustafa RA, Wiercioch W, et al. Systematic reviews and meta-analyses of benefits and harms of 

cryotherapy, LEEP, and cold knife conization to treat cervical intraepithelial neoplasia. Int J Gynaecol Obstet. 

2016;132(3):266-271. 

 




