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Abstract

OBJECTIVE: To estimate the potential effects, on costs and outcomes, of changes in sensitivity and specificity associated with new screening methods for cervical cancer in the military.

Cited Here...: A Markov model of the natural history of cervical cancer was created to simulate a cohort of 100,000 military beneficiaries aged 18–85. Probability estimates for various outcomes and the accuracy of screening tests were obtained from the literature. Cost estimates were obtained from military sources where available; otherwise, civilian costs were used. The outcomes and costs of conventional cytology, liquid‐based cytology, and liquid‐based cytology with human papillomavirus (HPV) triage were compared at 1‐, 2‐, and 3‐year screening frequencies.

Cited Here...: Marginal reductions in the incidence of cervical cancer from increasing screening sensitivity are greater than reductions in cancer mortality at every screening interval. Incremental improvements in both cancer incidence and mortality are higher at less frequent screening intervals. Increases in the ratio of low‐ to high‐grade lesions result from increasing the sensitivity of the screening test or shortening the screening interval. Both liquid‐based cytology and liquid‐based cytology with HPV testing are cost effective (less than $50,000 per life‐year saved) when performed at 3‐year screening intervals. However, neither strategy is cost‐effective when performed more frequently than every 3 years.

CONCLUSION: Use of a more sensitive cervical cancer screening test increases costs. However, a more sensitive test performed less frequently may be more effective and less expensive than conventional cytology done annually. In the military setting, this has significant implications for both expense reduction and readiness enhancement.

Worldwide, cervical cancer is the second most common malignancy affecting women. In the United States, approximately 12,800 new cases were diagnosed and 4500 women died secondary to cervical cancer in the year 2000.1 Over the past 20 years, screening with the Papanicolaou smear has dramatically reduced the number of women who have developed cervical cancer.2 Data from the Surveillance, Epidemiology and End Results Registry has demonstrated a concurrent 46% reduction in mortality related to cervical cancer from 1973 to 1995.3

In settings where cervical cancer screening is available, a proportion of cases will arise from false‐negative screening tests. Several new technologies have recently been introduced in an effort to minimize the false‐negative rates associated with conventional cytology. Liquid‐based cytology is a method where the cervical cells are immersed in a liquid preservative before slide fixation. Using this method, artifact is decreased by removing obscuring blood, inflammatory cells, mucus, and debris. The improved quality of liquid‐based cytology results in potentially greater sensitivity when compared with the conventional Papanicolaou smear in the detection of preinvasive disease and cervical cancer.4

The presence of human papillomavirus (HPV) is associated with an increased risk of having preinvasive disease or cervical cancer. Testing for high‐risk HPV subtypes has been proposed to complement cytology in cervical cancer screening algorithms. Combined cytology screening and HPV testing may be especially suitable for a more immediate triage of patients with atypical squamous cells of undetermined significance (ASCUS)5 or patients older than 35 with low‐grade squamous intraepithelial neoplasia.6 Patients with these types of abnormal cytologic findings can have testing for high‐risk HPV instead of repeat cytology. Patients who are screened with liquid‐based cytology may have the transport media remaining after cytologic screening used for the ancillary HPV.7 This “reflex” HPV testing can identify patients with a high‐risk HPV type who should be referred for immediate colposcopy instead of returning to the provider for serial cytologic testing. However, the roles of liquid‐based cytology and HPV testing remain controversial.8,9

The increasing use of liquid‐based cytology and reflex HPV triage of low‐grade cervical abnormalities has prompted several health maintenance organizations and insurance companies to initiate these newer techniques in their cervical cancer screening. The US Army has recently initiated a transition from conventional cytology to liquid‐based cytology and HPV triage using ThinPrep (Cytyc Corp., Boxborough, MA) and Hybrid Capture 2 (Digene Inc., Gaithersburg, MD) to provide more sensitive cervical cancer screening and reduce the number of patient encounters required for management of equivocal or borderline cervical cytology. Consistently, cost‐effectiveness analyses of cervical cancer screening programs have shown that the cost‐effectiveness ratio of screening, no matter what technology is used, increases exponentially as intervals between screening decrease, an effect that is increased as test sensitivity increases.10–12 More sensitive screening tests, by improving the negative predictive value of a normal result, may allow lengthening of the interval without jeopardizing safety; this issue is especially important in the military, where women are required to have normal test results before deployment.

The objective of this analysis was to estimate the cost‐effectiveness of conventional cytology, liquid‐based cytology, and liquid‐based cytology combined with HPV triage in a military health care setting.
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MATERIALS AND METHODS

We used a previously described Markov model that simulates the natural history of HPV infection and cervical carcinogenesis.13,14 A Markov model is a mathematical model involving a series of states (eg, Healthy, HPV Infected, Low‐Grade Squamous Intraepithelial Lesion, Stage I Cervical Cancer, Death From Cervical Cancer).15 During simulations, an individual or a population may move from one state to another based on predefined probabilities. For example, in a Markov simulation of a population with only two states, Alive and Dead, the probability of making the transition from Alive to Dead within a 1‐year time frame would be equivalent to the age‐specific mortality for that population. In this model, we simulate a cohort of women aged 18–85 and vary the probability of acquiring an HPV infection, persistence, progression, or regression of that infection through to invasive cervical cancer; death from other causes, death from cervical cancer; and hysterectomy for noncervical neoplasia‐related causes (Figure 1). The states and transition probabilities are shown in Table 1. We assume that all cervical cancer arises from HPV infection, and progresses from low‐grade through high‐grade squamous intraepithelial lesions (SILs) to invasive cancer of different stages. We assumed that the prevalence at age 18 of HPV infection is 10% and the prevalence of low‐grade SILs is 1%. Women infected with HPV can undergo regression, have no change, or undergo progression. Although most cases progress from HPV to low‐grade SILs, the model accounted for a proportion of HPV infections progressing directly to high‐grade SILs. The model has been extensively validated by comparing predicted age‐specific prevalence of HPV, low‐grade SILs, and high‐grade SILs with cross‐sectional rates.13,14 Women who died from causes unrelated to cervical cancer or had hysterectomies for reasons other than cervical cancer were removed from the pool of patients at risk for developing cervical cancer. A detailed description of the model is provided in previous publications.11,13,14 We simulated a cohort of 100,000 women with military health care benefits, assuming that screening begins at age 18, and observed the cohort through age 85. Costs and life expectancy were discounted at a 3% annual rate.
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We took the perspective of the military health system in this analysis, and considered only the direct medical costs associated with screening, diagnosis, and treatment of low‐grade SILs, high‐grade SILs, and invasive cervical cancer. Although a more realistic model would have ignored costs incurred after discharge from the military (similar to a civilian model of a health maintenance organization including only expected length of enrollment), it is possible that such a model would have concluded that screening for cervical neoplasia in the military is not justified at all because most cases of cancer would occur after discharge. Because dependents are included in the military system, because a growing number of women seek care within the Veterans Affairs medical system, and because the majority of other published cost‐effectiveness analyses use a lifetime perspective, we have taken a similar approach. Nonmedical costs (such as time away from active duty) were not included in the assessment of cost‐effectiveness because we did not have accurate estimates of the actual time lost for any of the outcomes. We also did not attempt to adjust for quality of life, because we are unaware of any validated data of women's preferences for all of the states associated with cervical cancer prevention, ranging from routine screening to diagnosis of HPV to invasive cancer.

The underlying model is based on the natural history of HPV infection and cervical carcinogenesis. The probability that a screening test will detect any histological abnormality of cervical intraepithelial neoplasia (CIN) I or greater is equal to the sensitivity of the screening test. The sensitivity of the conventional Papanicolaou smear, based on unbiased studies where test negatives underwent colposcopy, is between 50% and 55% where ASCUS or greater is considered an abnormal Papanicolaou result and CIN I or greater is considered an abnormal histological result.13,16 The probability that a screening test will be falsely positive when no histological abnormality is present (women who are normal, or who have detectable HPV deoxyribonucleic acid [DNA] without histological changes) is the specificity. The probability that an abnormal cytologic test will give a specific result (ASCUS, Low‐Grade SILs, High‐Grade SILs, Cancer) is also dependent on the underlying histology; these probabilities were derived from the College of American Pathologists Q‐Probes study.17

In patients with ASCUS, we estimated the proportion of HPV‐positive women with a given histological abnormality who would have a high‐risk HPV type (assumed to be 75% for abnormal cytology but with normal histology in patients younger than 35 and 60% for those women 35 or older, 85% for women with CIN I, 90% for women with CIN II/III, and 95% for women with cancer).18,19 The overall probability of a positive test for HPV is then the above probability multiplied by the sensitivity of the test for detection of HPV DNA, assumed to be 98%. Strategies for ASCUS were either repeat cytology in 6 months with colposcopy for women with persistent ASCUS or higher, or HPV testing with immediate colposcopy referral for women with high‐risk HPV types. Because the incidence of HPV in patients with low‐grade SILs is approximately 83%,18 patients with cytologic findings of low‐grade SILs were referred for immediate colposcopy instead of HPV testing. The model assumed that 20% of patients with low‐grade intraepithelial biopsy results would be treated with cryotherapy, with the rest observed conservatively, and all high‐grade intraepithelial neoplasia biopsy results would be treated with the loop excisional electrocautery procedure. Once treatment was implemented, the patient would return to the scheduled screening interval. All treatments were assumed to be 95% effective.

Estimates for the test characteristics of conventional cytology were derived from a systematic review of the literature.13,16 In the base case, we estimated that conventional cytology had a sensitivity of 51% and a specificity of 97%, using a cytologic threshold of ASCUS for abnormality and a histological threshold of CIN I or higher, the values found in the studies of conventional cytology where verification bias was minimized by performing colposcopy on all or a random portion of women with negative cytology. We varied test sensitivity from 51% to 85%. Decreases in specificity associated with increased sensitivity were modeled using the summary odds ratio, a measure that incorporates both test sensitivity and specificity. For a cytologic threshold of ASCUS and a histological threshold of CIN I or higher, the summary odds ratio for conventional cytology was 1.863. Using this value, the specificity associated with a given sensitivity can be calculated using the formula 1.863 = ln {Sensitivity/[1 – Sensitivity]} + ln {Specificity/[1 – Specificity]}.13

Estimates for the test characteristics of liquid‐based cytology relative to conventional cytology are problematic given the available literature. For example, one of the largest studies showed an absolute increase in sensitivity of 15% for liquid cytology compared with conventional cytology, but the slides were interpreted by different pathologists with different levels of training, which precluded definitive estimates of relative test performance.4 For the base case, we assumed that liquid‐based cytology would increase sensitivity by 60% (82% versus 51%) for the same histological and cytologic thresholds relative to conventional cytology. Data on the specificity of liquid‐based cytology are limited. Because the highest quality studies of cervical cancer screening have consistently found that specificity decreases with increased sensitivity, we assumed that there would be a decrease in specificity associated with improvements in sensitivity with liquid‐based cytology. For the base case, we assumed that relative specificity of liquid‐based cytology would be 92%, compared with 97% for conventional cytology. We examined the effects of uncertainty about relative performance of liquid cytology by varying relative sensitivity and specificity simultaneously with conventional Papanicolaou sensitivity and specificity.

These estimates of test characteristics for the base case were validated by comparing model predictions to cross‐sectional data from the Atypical Squamous Cells of Undetermined Significance/Low‐Grade Squamous Intraepithelial Lesions Triage Study.19 In this trial, 56.1% (95% confidence interval [CI] 54.1, 58.1%) of women triaged on the basis of a positive HPV test were referred to colposcopy, whereas 58.6% (95% CI 56.5, 60.6%) were referred to colposcopy on the basis of a liquid Papanicolaou test of ASCUS or higher. Using the parameters above for test characteristics, and matching the prevalence of underlying histological abnormalities to the Atypical Squamous Cells of Undetermined Significance/Low‐Grade Squamous Intraepithelial Lesions Triage Study, the model predicted referral rates of 55.5% for HPV triage and 58.9% for triage based on a repeat liquid‐based cytology Papanicolaou test of ASCUS or higher.

Costs for cervical cancer screening were derived from military estimates. Because costs in the base case of a previously reported civilian model included estimates of the total cost of obtaining a cytologic smear (including equipment, physician and staff time, etc), we derived total Army costs by subtracting the difference between total civilian costs and the Army processing/reading costs (component cost) for conventional cytology. This enabled us to estimate the total Army costs for conventional cytology to be $28 for women younger than 65 and $40 for women 65 or older. Sensitivity analysis varied the price of the follow‐up visit from $25 to $75. The cost of liquid‐based cytology was expressed as a marginal difference between liquid‐based cytology and conventional cytology of $5 (varied up to $30 in sensitivity analysis). The estimated cost of HPV testing, which included the costs of storage, processing, and interpretation, was $65 (varied from $50 to $100 in the sensitivity analysis). The costs for both screening and treatment of abnormal cytology are shown in Table 2.
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Because only component charges were available for estimating Army costs of diagnosis and treatment, civilian‐based costs for preinvasive disease, derived from econometric analysis of a variety of sources, were used in the analysis (Table 1). We used mean costs per episode of care for a given level of abnormality, so that the costs of complications, unexpected visits, and so on were incorporated into our estimates. Costs were in US dollars, updated to year 2000 using the medical care component of the consumer price index. Given recent evidence that adjuvant chemotherapy improves outcomes in invasive cervical cancer,20–23 we also included potential cost of chemotherapy in sensitivity analysis.

Ten strategies were compared: no screening, conventional cytology, liquid‐based cytology, and liquid‐based cytology with HPV testing. Each screening measure was then compared at 1‐, 2‐, and 3‐year intervals. Total office visits for screening, diagnosis and treatment of invasive disease, total abnormal Papanicolaou smears, cervical cancer incidence, stage distribution, and mortality were estimated using the model. The cost‐effectiveness of the three different screening tests was then compared at different screening intervals using incremental cost per life‐year saved, calculated by dividing the difference in predicted costs between two strategies by the difference in average life expectancy predicted for the strategies.
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RESULTS

The estimated screening and cancer‐related outcomes of each cervical cancer screening strategy, over the lifetime of the military cohort, are shown in Table 2. Each 1‐year decrease in screening interval results in an almost twofold increase in the number of office visits required. The largest reduction in both cancer incidence and mortality occurs with any cervical cancer screening method, even at 3‐year intervals. Marginal reductions in cancer incidence from increasing screening sensitivity are greater than marginal reductions in cancer mortality at every screening interval. Marginal reductions in both cancer incidence and mortality from increasing screening sensitivity are greater at less frequent screening intervals. There are three main findings: 1) more sensitive tests result in fewer cancer cases and deaths, but with more office visits within a given screening interval; 2) use of HPV triage consistently results in fewer visits, fewer cancer cases, and fewer cancer deaths than liquid‐based cytology alone at every screening interval; and 3) liquid‐based cytology plus HPV triage results in fewer office visits, fewer cancer cases, and fewer cancer deaths than conventional cytology performed at the next most frequent screening interval (eg, liquid‐based cytology plus HPV every 3 years is superior to conventional Papanicolaou every 2 years). Increasing test sensitivity and/or decreasing screening interval results in proportionally greater increases in detection of CIN I relative to CIN II/III, as shown in Table 3.
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Table 4 translates these findings into cost‐effectiveness as measured by cost per year of life saved. Conventional cytology and liquid‐based cytology are both cost‐effective methods of screening when performed at 3‐year intervals. None of these strategies cost less than the commonly used standard of $50,000 per life‐year saved at screening intervals more frequent than every 3 years. The use of HPV testing for triage of ASCUS smears is both less expensive and slightly more effective than liquid‐based cytology alone at every interval.
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The costs of diagnosis and treatment of preinvasive disease or cancer, including possible chemotherapy costs, did not change the relative rankings or substantially alter the cost‐effectiveness ratios. Several variables did have an impact. If the marginal cost of liquid‐based cytology compared with conventional cytology was more than $25, then the cost‐effectiveness ratios of all liquid‐based cytology–based strategies were greater than $50,000, even at a triennial screening interval. However, the overall costs of using HPV testing remained lower than liquid‐based cytology alone even if the cost of HPV testing was $100.

Table 5 shows the effects of conventional cytology test characteristics on the cost‐effectiveness of liquid‐based cytology and HPV triage. As conventional cytology sensitivity increases, specificity decreases. The marginal gains in life expectancy from more sensitive screening decrease, whereas costs associated with decreased specificity rise. At high levels of sensitivity (98% for liquid cytology), only one option, liquid‐based cytology plus HPV testing every 3 years, costs less than $50,000 per year of life saved.
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DISCUSSION

Our analysis found that increasing test sensitivity resulted in decreases in predicted cancer incidence and mortality; these reductions in morbidity and mortality were accompanied by increases in the number of office visits, which translated into significantly increased costs. As screening is performed more frequently, costs increase more rapidly than reductions in mortality, resulting in rapid increases in cost‐effectiveness ratios. However, one important finding is that more sensitive tests may be both more effective and less expensive than conventional cytology at more frequent intervals (eg, based on our estimates, liquid‐based cytology and HPV triage every 2 years is more effective and less expensive than conventional cytology every year).

These findings are qualitatively similar to the findings of other model‐based explorations of cervical cancer screening, which have consistently found trade‐offs between test sensitivity and specificity and screening frequency.10–12,24 Cost‐effectiveness ratios increase dramatically when screening is performed at more frequent intervals, especially if test sensitivity is increased. At frequent screening intervals, the marginal costs of individual cancer screening tests (ie, conventional cytology, liquid‐based cytology, and HPV testing) exceed the $50,000 per life‐year saved level considered by many health economists to be the threshold for cost‐effectiveness.25 Two factors play a role in this observation—the costs of the tests themselves and the increased likelihood of detecting transient lower grade cytologic abnormalities that, though highly unlikely to lead to cancer, generate substantial follow‐up costs. These effects are exacerbated if greater test sensitivity is accompanied by decreased specificity.

Although these basic findings should be valid for any health system, they have additional implications for the military. In a military population, the employer provides the resources for the health care of active duty soldiers in meeting the mission goals of providing a physically fit force. Our findings suggest that the use of liquid‐based cytology plus HPV triage helps to meet this objective in two ways. First, testing for HPV consistently results in fewer visits than liquid‐based cytology alone, resulting in both lower direct medical costs and less time away from the military unit. One study in a civilian population found that the average time spent away from work due to screening visits was 1.76 hours.26 If time losses are similar for the military, the economic argument for the use of HPV testing is even stronger. Second, these findings suggest that, even at relatively small gains in sensitivity over conventional cytology, liquid‐based cytology plus HPV testing is both less expensive and more effective at less frequent intervals. The Army Medical Department currently has a regulation requiring annual screening in its active duty female population. If studies currently underway verify these predictions about relative sensitivity, use of these technologies means that the interval between screening tests can be safely lengthened, which would result in both decreased appointments and improved health because the negative predictive value of a single normal test result is greater.

As with all models, uncertainty about the values of both probabilities and costs affects the conclusions of the analysis; however, varying these over a wide range did not result in substantial changes in the main findings (Table 6). We did not incorporate quality of life measures primarily because of a lack of validated measures for health states relevant to cervical cancer screening. We did not measure nonmedical costs, such as time lost from work or transportation costs, but as discussed above, it is likely that these would only strengthen the findings on the trade‐offs of costs, sensitivity, specificity, and screening frequency. We also assumed perfect compliance with follow‐up of abnormal smears. However, preliminary results from a cost‐effectiveness analysis of a screening trial where compliance was directly measured found that cost‐effectiveness ratios were actually improved with less than perfect compliance because the majority of missed visits were related to either false‐positive tests or tests that detected lower grade abnormalities (personal communication, S. Kulasingam, 2001).
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In conclusion, we found that liquid‐based cytology with HPV triage is both less expensive and more effective than liquid‐based cytology alone at all screening intervals. Replacing conventional cytology with these technologies does not meet traditional cost‐effectiveness thresholds at annual screening intervals; however, using these technologies at less frequent intervals is consistently both less expensive and more effective. The Army's conversion from the conventional Papanicolaou smear to liquid‐based cytology with reflex HPV triage is the first such broad implementation in a large government organization. Concurrent with this implementation are initiatives to improve compliance with screening and treatment algorithms. If additional data from this initiative and other ongoing studies confirm the predictions of this analysis, increasing the screening interval may be possible, with improvements in both the health of individual soldiers and the overall readiness of the Army.
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Table 4. Efficiency of Screening

Proportion of all visits  Proportion of all visits  Ratio of CIN I-related

for diagnosis/treatment for diagnosis/treatment  visits to CIN 11111~
Strategy of CIN | of CIN 11111 related visits
Conventional Papanicolaou test cvery 3 y. 120 028 432
LBC + HPV every 3y 154 027 564
LBC every 3y 158 027 578
Gonventional Papanicolaou test every 2y 099 0.19 514
LBC + HPV every 2y 117 017 6.69
LBC every 2y 122 0.18 676
Conventional Papanicolaou test every year 061 0.09 675
LB + HPV every year 063 008 8.19
LBC every year 069 0.08 829

CIN = cervical intracpithelial neoplasia. Other abbreviations as in Table 3.
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Table 5. Base Case Costs and Incremental Costs, Life Expectancy and Incremental Life Expectancy, and Incremental
Cost-Effectiveness

Incremental cost/
Mean cost Incremental cost Mean life Incremental life life-year saved
)

Strategy $) ) expectancy _expectancy

No screening 31110 27.6602
Conventional Papanicolaou test every 3y 484,50 17330 27.7033 0.0432 017
LBC + HPV every 3y 507.40 11290 27.7113 0.0079 14,263
LBC every3y 60130 3.90 27.7082 ~0.003 (dominated)
Conventional Papanicolaou test every 2y 608.60 11.20 27.7109 ~0.0004 (dominated)
LBC + HPV every 2y 77570 17830 27.714 0.0027 X
LBC every 2y 79250 16.90 27.7137 ~0.0003 (dominated)
Conventional Papanicolao test every year  1039.30 263.70 27.714 0 (dominated)
LBC + HPV every year 1398.50 622.80 27.7167 0.0027 231,270
LBG every year 144150 43.00 27.7166 ~0.0001 (dominated)
Abbreviations as in Table 3.

‘Strategies are ranked in order of i overall cost. costs and life y are obtained by subtracting values for a given

strategy from those immediately above, unless strategy is dominated (e, trategy is more expensive and less effective than strategy above).
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Table 2. Cost Estimates for Model*

Parameter

Base case (range)

Diagnosis
Colposcopy without biopsics
Golposcopy with biopsies
Colposcopy with biopsies
and ECC
Gold knife cone biopsy
Loop electrosurgical
excision procedure
Treatment
Low-grade squamous
intracpithelial lesion
High-grade squamous
intracpithelial lesion
Gervical cancer

$159 (100-200)
$308 (250-500)
$390 (250-500)

$1023 (750-1500)
$628 (500-1000)

$1797 (1500-2000)
$3171 (2500-4000)

$18,351 (15,000-25,000)

528,151 (25,000-35,000)

528,151 (25,000-35,000)

541,891 (40,000-65,000)

517,191 (15,000-30,000)
$0 (0-25,000)

GG = endocervical curetiage.
* Myers et al”"
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Table 3. Office Visits, Abnormal Papanicolaou Tests, and Cancer-Related Outcomes

Total visits for Total Total Papanicolaou tests
screening, diagnosis, _abnormal yith given abnormality  Total Total
and treatment of  Papanicolaou ———————————— cancer Percentage cancer
Strategy preinvasive disease  tests  ASCUS LSILs HSILs+ cases stage| deaths
No screening 2068 463 1001
Conventional Papanicolaou 1,787,226 96117 36745 46948 12424 857 696 189
test every 3y
LBG + HPV every 3y 1,810,541 186330 80471 85443 20416 303 847 73
LBC every3y 1,804,453 189841 81,080 87712 21,049 430 842 80
Conventional Papanicolaou 2,604,359 135,160 52979 66,154 16027 573 756 116
testevery 2y
LBC + HPV every 2y 2,631,705 261,139 115831 118522 26786 213 905 37
LBC every 2y 2,754,898 267938 117060 123,042 27836 244 901 42
Conventional Papanicolaou 523,754 247978 102840 119386 25752 219 851 40
test every year
LBG + HPV every year 5,264,348 481959 225914 210330 45715 39 960 6
LBC every year 5,513,415 501279 229581 223,618 48080 51 957 8
'ASCUS = atypical cells of Tow- ithelial lesion; HSIL = high-grade squamous

LSIL = low-grade.
intracpithelial lesion; LBC + HPV = liquid-based cytology with reflcx human papillomavirus testing using Hybrid Capture 2 for ASCUS resuls.
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Table 6. Effect of Varying Sensitivity and Specificity of Conventional Cytology on Cost-Effectiveness

Incremental
Incremental ~cost/year of
Test sensitivity and Mean cost Incremental ~ Mean life life life saved
specificity Strategy ($) cost ($) _expectancy expectancy
Conventional 'No Papanicolaou test 31113 27.660193
Papanicolaou test
Sensitivity: 60%  Conventional cytology every 8y~ 76398 452.85  27.705853  0.04566 9918
Specificity: 83%  LBG + HPV every3y 77869 1471 27.709570  0.003717 3958
Liquid cytology LBC every3y 892.06 27.708206 (dominated)
8%  Conventional cytology every 2y~ 100285 22416 27710158 0000589 380,822
LBG + HPV every 2y 102945 2660 27712907  0.002749 9677
LBC every 2y 118932 27.711869 (dominated)
Conventional cytology every year 187474 84529 27714958 0002051 412,198
LBC + HPV every year 192880 5406 27716260  0.001303 41,499
LBC every year 2262.00 27.715767 (dominated)
Conventional No Papanicolaou test 31113 27.660193
Pupnmcolaau test
Sensitivity: 75%  LBG + HPV every3y 80668 49555 27711306 0051113 9695
Spmﬁnty 7%  Conventional cytology every 3y 809.97 27.707985 (dominated)
Liquid cytology LBC every3y 939.75 27.710246 (dominated)
Sensitivity: 88%  LBC + HPV every 2y 107255 26587 27714040  0.002743 96,922
Specificity: 73%  Conventional cytology every 2y 1072.63 27711712 (dominated)
LBC every 2y 126120 27.713281 (dominated)
LBC + HPV every year 201793 94538 27716684 0002636 358,706
Conventional cytology every year 2022.06 27715694 (dominated)
LBC every year 241148 27.716391 (dominated)
Conventional No Papanicolaou test 31113 27.660193
Papanicolaou test
Sensitivity: 85%  LBG + HPV every3y 129548 98435  27.714480  0.054288 18,132
Specificity: 4%  LBG + HPV every 2y 177653 48105 27715069 0001489 323,103
Liquid cytology Conventional cytology every 3y 1826.94 27711362 (dominated)
8%  LBCevery3y 194234 27.713306 (dominated)
Conventiona cyclogy every 2y 25223 27.714026 (dominated)
LBCevery2y 2689.68 27715275 (dominated)
LBC + HPV every year 348813 171161 27717231 0001262 1356684
Conventional cytology every year  5026.44 27.716705 (dominated)
LBC every year 5368.43 27.717207 (dominated)

Abbreviations as in Table 3.
Relative sensitivity of liquid cytology assumed to be 1.15 (as opposed to 1.6 in base case), and relative specificity 0.955.
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Table 1. Transition Probabilities and Incidence Rates

Parameter Base case Range
Preinvasive disease
Prevalence of HPV infection, age 18 y 100 0-200
Prevalence of low-grade SILs, age 18 y 1% 0-20%
Agespecific (y) incidence of HPV infection 05102 X base estimate
18 0.15
19 017
2 0.15
21 0.12
22 0.16
23 0.16
24-29 005
3049 001
=50 0.005
Agespecific (y) regression rate of HPV (HPV to well)
15-24 0718 mo 0.6-0.9/18 mo
25-29 05/18mo 0.45-0.6/18 mo
=30 0.15/18 mo 0.1-02/18 mo
Progression rate (HPV to low-grade SILs) 0.2/36 mo 0.15-0.3/36 mo
Proportion of infections progressing directly to highgrade SILs 01 0.05-05
Regression rate (low-grade SILs to HPV or well)
15-34 0.65/72 mo Se0872m0
=35 0.4/72 mo
Proportion of low-grade SILs reverting to well 09
Progression ratc (low-grade SIL to high-grade SILs)
15-34 0.1/72 mo
=35 035/72 mo
Regression rate (high-grade SILs to low-grade SILs) 035/72 mo
Proportion of high-grade SILs reverting to well 05
Progression rate (highgrade SIL to stage I cancer) 0.4/120 mo
Invasive discase
Progression rates in unscreened patients with cancer
Stage I-stage Il 09y
Stage I-stage Il 093y
Stage Ml-stage IV 092y
Seyear survival probability
Stage 1 083
Stage IT 0.6566
Stage Il 03787
Stage IV 0.1127

HPV = human papillomavirus; SIL, = squamous intracpithelial lesion.
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