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CERVICAL CANCER IS A LEADING

cause of cancer-related death
among women in develop-
ing countries, with up to 80%

of patients presenting with advanced dis-
ease.1-3 In resource-poor areas, such as
sub-Saharan Africa, the growing num-
ber of women infected with human im-
munodeficiency virus (HIV) may fur-
ther compound this problem because
they have an increased risk of human
papillomavirus (HPV) infection, the
causal agent of cervical cancer.4-6

Cytology-based screening programs
have decreased the incidence of inva-
sive cervical cancer in many developed
countries.1-3 However, cytologic screen-
ing requires an established laboratory,
highly-trained cytotechnologists, and up
to 3 visits for screening, evaluation of cy-
tologic abnormal results, and treat-
ment. In low-resource settings, such a
strategy has proven difficult to imple-
ment and sustain. Recently, it has been
suggested that less complex strategies
may offer additional options. Such strat-
egies replace the Papanicolaou smear
with simple visual screening methods,
such as direct visual inspection (DVI)
in which the cervix is viewed after the
application of an acetic acid solution, or
HPV DNA testing. They also eliminate

colposcopy, allowing for screening and
treatment to be performed during the
same visit.3,7-12 These screening ap-
proaches have shown promise in large
trials conducted in low-resource set-
tings; however, determining whether
they will be clinically or cost-effective
requires formal evaluation using ana-
lytic modeling methods.13 Therefore, we

developed a comprehensive model ca-
pable of assessing alternative screening
strategies for cervical cancer in devel-
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Context Cervical cancer is a leading cause of cancer-related death among women
in developing countries. In such low-resource settings, cytology-based screening is dif-
ficult to implement, and less complex strategies may offer additional options.

Objective To assess the cost-effectiveness of several cervical cancer screening strat-
egies using population-specific data.

Design and Setting Cost-effectiveness analysis using a mathematical model and a
hypothetical cohort of previously unscreened 30-year-old black South African women.
Screening tests included direct visual inspection (DVI) of the cervix, cytologic meth-
ods, and testing for high-risk types of human papillomavirus (HPV) DNA. Strategies
differed by number of clinical visits, screening frequency, and response to a positive
test result. Data sources included a South African screening study, national surveys
and fee schedules, and published literature.

Main Outcome Measures Years of life saved (YLS), lifetime costs in US dollars,
and incremental cost-effectiveness ratios (cost per YLS).

Results When analyzing all strategies performed as a single lifetime screen at age
35 years compared with no screening, HPV testing followed by treatment of screen-
positive women at a second visit, cost $39/YLS (27% cancer incidence reduction); DVI,
coupled with immediate treatment of screen-positive women at the first visit was next
most effective (26% cancer incidence reduction) and was cost saving; cytology, fol-
lowed by treatment of screen-positive women at a second visit was least effective (19%
cancer incidence reduction) at a cost of $81/YLS. For any given screening frequency,
when strategies were compared incrementally, HPV DNA testing generally was more
effective but also more costly than DVI, and always was more effective and less costly
than cytology. When comparing all strategies simultaneously across screening fre-
quencies, DVI was the nondominated strategy up to a frequency of every 3 years (in-
cremental cost-effectiveness ratio, $460/YLS), and HPV testing every 3 years (incre-
mental cost-effectiveness ratio, $11 500/YLS) was the most effective strategy.

Conclusion Cervical cancer screening strategies that incorporate DVI or HPV DNA
testing and eliminate colposcopy may offer attractive alternatives to cytology-based
screening programs in low-resource settings.
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oping countries and used the model to-
gether with country-specific data to con-
duct a policy analysis comparing the
clinical benefits and cost-effectiveness of
different cervical cancer screening strat-
egies in black South African women.

METHODS
We developed a state transition com-
puter-based model to simulate the natu-
ral history of HPV-induced cervical neo-
plasia and cervical cancer screening,
diagnosis, and treatment in a cohort of
previously unscreened 30-year-old
black South African women. Model out-
comes included life expectancy and life-
time costs. Comparative performance
of different screening strategies was
measured by the incremental cost-
effectiveness ratio, defined as the ad-
ditional cost of a specific screening strat-
egy, divided by its additional clinical
benefit, compared with the next least
expensive strategy.13 We adopted a so-
cietal perspective (ie, all costs and ben-
efits are included regardless to whom
they accrue). Time preference was in-
corporated by discounting costs and
benefits 3% annually. The implica-
tions of alternative assumptions regard-
ing the natural history of cervical neo-
plasia, effectiveness of screening and
treatment, prevalence of HIV, and di-

rect medical and time costs were evalu-
ated in sensitivity analyses.

Natural History Model
Health states in the model incorporate
cervical disease (normal, low-grade, and
high-grade squamous intraepithelial le-
sions [SILs], and local, regional, and dis-
tant invasive cervical cancer), HPV DNA
status (high-risk types of HPV DNA de-
tected or not detected), and HIV dis-
ease (HIV-uninfected and HIV-infected
with CD4 lymphocyte cell counts higher
than 500 3106/L, between 201-500
3106/L, and 200 3106/L and lower)
(FIGURE 1). Transition probabilities, ex-
trapolated from published literature, are
used to move women through different
health states over time. The time hori-
zon of the analysis incorporates a wom-
an’s entire lifetime and is divided into
equal monthly increments (ie, Markov
cycles) during which women transition
from one health state to another. Tran-
sition probabilities governing the natu-
ral history of cervical disease are condi-
tional on HPV DNA status in that women
with detectable high-risk HPV DNA are
at greater risk of SIL progression than all
other women. However, even among
these women, the risk of invasive can-
cer is not homogeneous, and we as-
sumed a proportion of them will have

persistent HPV infection and be at great-
est risk.14-24 The HPV status also de-
pends on the presence of HIV coinfec-
tion, with HIV-infected women having
a higher prevalence of HPV than those
who were not HIV infected.17,25 In each
cycle, women who are HIV-infected can
progress in their HIV disease. Women
face competing mortality risks from ac-
quired immunodeficiency syndrome
(AIDS), cervical cancer, and other causes.

Screening Model
and Screening Strategies
Screening strategies were distin-
guished by the number of clinical vis-
its, the use of 1 or 2 screening tests,
screening frequency, and ages to target
for screening. Screening tests included
DVI, cervical cytology using a conven-
tional Papanicolaou smear, and HPV
DNA testing using a high-risk HPV
probe (Hybrid Capture II; Digene Corp,
Gaithersburg, Md). Three-visit strate-
gies, the standard of care in most devel-
oped countries, include an initial screen-
ing evaluation, a second visit for a
diagnostic workup incorporating col-
poscopy and biopsy in women with posi-
tive test results, and a third visit for treat-
ment of women with confirmed SIL.
Two-visit strategies incorporate a visit
at which screening takes place fol-
lowed by a second visit at which women
with positive test results undergo treat-
ment, without evaluation by colpos-
copy. One-visit strategies, (ie, screen and
treat on the same day) incorporate im-
mediate treatment in all screen-
positive women. In strategies incorpo-
rating a combination of 2 tests, women
with an abnormal result on either test
are considered screen positive. The sen-
sitivity and specificity of the combina-
tion of DVI and cytology were 96% and
82%, respectively; for DVI and HPV, they
were 97% and 75%, respectively, and for
HPV and cytology, they were both 86%.
In strategies incorporating 2 sequential
tests, women with an abnormal result on
the first test undergo a second test, and
only those with positive results on both
tests receive treatment. The sensitivity
and specificity of DVI followed by cy-
tology were 50% and 99%, and 65% and

Figure 1. Overview of the Model
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Health states in the model incorporate cervical disease status, human papillomavirus (HPV) infection status,
and human immunodeficiency virus (HIV) infection status. Each month, women can progress or regress in their
cervical disease; those at lowest risk of disease progression have no detectable or low-risk HPV DNA and have
no HIV infection; those at highest risk of disease progression have detectable high-risk types of HPV DNA and
are in later stages of HIV infection. Each month, women who are HIV-infected may progress in their HIV dis-
ease. Not shown are women who may die from acquired immunodeficiency syndrome, cervical cancer, or other
causes. SIL indicates squamous intraepithelial lesions.
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98% for HPV followed by cytology, re-
spectively. Screening could be con-
ducted 1, 2, or 3 times per lifetime or at
any specified interval.

Thefollowingassumptionsweremade:
(1)allwomensuitableforoutpatienttreat-
ment receive cryotherapy; (2) among
womenundergoingcryotherapy,10%re-
ceivenobenefitandanother10%develop
recurrent disease within 1 year26-29; (3)
5%ofwomenreceivingcryotherapyhave
minor symptoms (eg, discharge, bleed-
ing,andminorinfectionrequiringaclinic
visit and oral antibiotics), and 1% have
a more serious complication (eg, infec-
tion or bleeding) requiring 1 to 2 days of
hospitalization; (4) all screen-positive
womenundergoDVIpriortocryotherapy
thusallowingthosewitha4-quadrant le-
sion or suspicious cancer to be referred
toaphysician;(5)10%ofscreen-positive
women have a 4-quadrant lesion or sus-
picious cancer and are referred to a
physician—those with cancer undergo
stagingandtreatmentconsistentwithcur-
rentpractice inSouthAfrica,30 and those
without cancer undergo a loop electro-
surgical excisionprocedure (50%), con-
ization(25%),ornotreatment(25%);(6)
2%ofallwomenwithhigh-gradedisease
haveundetectedmicroinvasivecanceror
adenocarcinoma in situ; (7) one third of
womenwithmicroinvasivecancerorad-
enocarcinomainsituareundetected,one
thirdare referred toaphysician, andone
third are treated with cryosurgery; (8)
womenwithmicroinvasivecancer, inap-
propriately treatedwithcryotherapy, re-
ceive no clinical benefit from the proce-
dure; (9) women with false-negative re-
sults are only detected if they develop
symptoms from invasive cancer; (10)
women with true-negative results expe-
riencethecostsandcomplicationsrelated
to the screening process but are eligible
to be screened again; and (11) there is a
15% loss to follow-up with each visit.

Clinical Data
TABLE 1 summarizes values (and plau-
sible ranges) used for the base case.
Clinical parameters were obtained from
our South African screening study, as
well as extrapolated from a systematic
literature review, with preference given

Table 1. Model Variables: Base-Case Values and Ranges Used in Sensitivity Analyses*

Variable Base Case, %
Range,

%

Prevalence11,31

HPV DNA detected† 22.0 5-33

Low-grade SIL‡ 3.20 1.6-4.8

High-grade SIL‡ 2.40 1.2-3.6

Local invasive cancer 0.17 0.08-0.26

Regional invasive cancer 0.20 0.10-0.30

Distant invasive cancer 0.03 0.01-0.05

HIV 8.00 0-30

Mean Transition Probabilities for the Overall Population (HPV Status Unknown)32-38

Progression rate
Normal to low-grade SIL 3.0/y 1.5-4.5

Low-grade to high-grade SIL 4.8/y 2.4-6.2

High-grade SIL to cancer 1.5/y 1.0-3.0

Regression rate
Low-grade SIL to normal 60 in 4 y 30-90

High-grade SIL to normal 25 in 4 y 15-45

Mean Transition Probabilities Conditional on High-Risk HPV DNA Positivity14,16,18,19,22,31,34,36,39,40

Progression rate with detectable persistent
high-risk HPV DNA

Normal to low-grade SIL 3.5/y 2.0-7.0

Low-grade to high-grade SIL 17.0/y 8.5-20.0

High-grade SIL to invasive cancer 2.0/y 1.0-3.0

Regression rate with detectable persistent
high-risk HPV DNA

Low-grade SIL to normal 20 in 4 y 10-30

High-grade SIL to normal 10 in 4 y 5-20

Progression rate with no, low-risk,
or transient detectable HPV DNA

Normal to low-grade SIL 1.0/y 0.5-2.0

Low-grade to high-grade SIL 1.8/y 0-3.0

High-grade SIL to cancer 0 0-2.5

Regression rate with no, low-risk,
or transient detectable HPV DNA

Low-grade SIL to normal 60 in 4 y 30-90

High-grade SIL to normal 30 in 4 y 15-60

Screening Test Performance

Cervical cytology8,9,34,41-43

Sensitivity 60 30-90

Specificity 95 80-97

Direct visual inspection8,9,34,41,44

Sensitivity 68 40-90

Specificity 85 70-95

HPV probe assay (clinician-collected)7,12,24,41,45-47

Sensitivity 84 70-93

Specificity 88 81-95

HPV probe assay (self-collected)7,10,47-49

Sensitivity 67 55-85

Specificity 83 75-91

Screening tests in sequence50

DVI+→HPV+

Sensitivity 46 36-56

Specificity 98 90-99

Cryotherapy26-29

Efficacy 80-90 70-95

Minor complications 5 2-15

Major complications 1 0-3
Continued
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to studies with larger sample sizes, well-
defined control groups, and longer fol-
low-up.11,31-68 To establish a plausible
range for screening test characteris-
tics, we gave priority to studies in which
potential verification bias was avoided.34

If estimates from studies particularly rel-
evant to our target population were not
within this plausible range, the range
was widened to accommodate them.

Natural History
We estimated the probabilities of SIL
progression and regression using 2
methods. First, transition probabilities
conditional on HPV that were available
from the literature were extrapo-
lated.14,16,18,19,22,31,34,36,39,40 For probabili-
ties conditional on HIV, data from a pre-
viously published analysis of cervical
cancer screening in HIV-infected women
were used.59,62 The probability of high-
grade SIL progression to invasive can-
cer was estimated using simulation tech-
niques as described previously.62 A
second method was used to estimate
transition probabilities conditional on
HPV that were not directly available
from the literature. First, clinical stud-
ies lacking HPV status of individual
women were used to derive overall mean
transition probabilities for a hypotheti-
cal population of women, some of whom
would be expected to acquire and clear
HPV, and some of whom would be ex-
pected to develop persistent HPV.32-38

Second, a series of equations were used
to split out these mean population prob-
abilities into HPV-specific probabili-
ties, based on the relative risk of SIL in
women with HPV (compared with the
relative risk of those without HPV) and
HPV prevalence.11,14,18,39 Finally, the
model was calibrated such that the pro-
jected lifetime risk of cervical cancer in
unscreened women was consistent with
published data.

Based on the mean prevalence rates of
HPV (22% overall) and HIV (8% over-
all) reported in the South Africa screen-
ing study and the probability of HPV in
HIV-infected women compared with
those who were not infected with HIV
(ie, the rate ratio), we estimated that 78%
of all detectable HPV was attributable to
women who were not HIV infected.11,17,59

We used a rate ratio of 3.8 for the base
case (ie, the probability of HPV in HIV-
infected vs uninfected women), and es-
tablished a plausible range of 3.5 to 5.6,
based on published studies, including 2
conducted in Africa.10,17,59,60 Similar
methods were used to estimate the pro-
portion of SIL and invasive cancer at-
tributable to HIV-infected women and
those who were not.

Mortality Rates
Stage-specific survival rates for cervical
cancer were based on data from a ter-
tiary referral center in Cape Town and
published literature,30,35,61,69 although

data from the National Cancer Insti-
tute’s Surveillance, Epidemiology, and
End Results Survey54 were used in the
sensitivity analysis. Estimates for com-
peting mortality from age-, sex-, and
race-adjusted all causes were obtained
from life tables developed by the World
Health Organization for South Af-
rica.70,71 Separate all-cause mortality rates
for the HIV-infected and uninfected sec-
tors of the population were required for
sensitivity analyses. For these analyses,
we used 1989-1991 lifetables for black
females to represent the sector without
HIV infection72 and the most conserva-
tive survival rates from previously vali-
dated natural history models for the sec-
tor with HIV infection.55,57,73

Costs
Microcosting techniques were used to
estimate direct medical and nonmedi-
cal costs (TABLE 2).1 3 Country-
specific data expressed in 1999 South
Africa Rand were converted to US dol-
lars at an exchange rate of R6.2/$1.67 We
used the Representative Association of
Medical Schemes recommended scale
of benefits for the public sector as a sur-
rogate for most direct medical costs.63

The cost of the HPV test was based on
the quoted price of the test kit for de-
veloping countries and manpower and
indirect costs of similar laboratory tests.
We also included the costs of treat-
ment complications and physician re-
ferrals of women ineligible for cryo-
therapy. Resource use associated with
each stage of cervical cancer was based
on clinical protocols from 2 regional
hospitals and the literature.30,61,74 Costs
of hospitalization and radiation therapy
were estimated from a cost-compari-
son study conducted at the University
of Cape Town,75 and we assumed che-
motherapy would not be available. For
HIV-infected women, data from the
World Bank were used to estimate the
cost of treating opportunistic infec-
tions and providing palliative care.66

Estimates of time spent traveling,
waiting, and receiving health care and
the cost of transportation were based
on 2 national surveys.64,65 Time was
valued using survey data in which

Table 1. Model Variables: Base-Case Values and Ranges Used in Sensitivity Analyses* (cont)

Variable Base Case, % Range, %

Cancer Stage Distribution11,35,51

Local invasive cancer 41.7 30-60

Regional invasive cancer 50 25-60

Distant invasive cancer 8.3 5-40

5-Year Survival Invasive Cervical Cancer 51-54

Local invasive cancer 78 70-91

Regional invasive cancer 44 35-53

Distant invasive cancer 8 6-12
HIV-Related Monthly Mortality, per 10055-57

CD4 cells .500 3106/L 0.0023 0.001-0.003

CD4 cells 200-500 3106/L 0.2787 0.139-0.348

CD4 cells ,200 3106/L 2.2373 1.678-2.797

*SIL indicates squamous intraepithelial lesion; HIV, human immunodeficiency virus; HPV, human papillomavirus; and
DVI, direct visual inspection.

†Of HPV DNA, 5.5% was attributable to HIV-infected women and 16.5% was attributable to women not HIV infected.
‡Low-grade SIL includes cervical intraepithelial neoplasia 1 (CIN 1); high-grade SIL includes cervical intraepithelial neo-

plasia 2 and 3 (CIN 2 and 3) and carcinoma in situ (CIS).60
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households were divided into quintiles
based on mean income. Since our tar-
get population mainly fell into the bot-
tom 2 quintiles, a mean hourly wage
rate was estimated for all women
using the mean monthly income for
these lower 2 categories (R397 or $64)
and assuming 20 working days per
month. This approach was used
because even though unemployment
is between 40% and 60% for such
women, nearly 40% of this sector of
the population is either a legal female-
headed household or a de facto
female–headed household, and a sub-
stantial proportion of the women hold
jobs in the informal sector.64

RESULTS
Cost-effectiveness of
Cervical Cancer Screening
at Different Intervals

The discounted lifetime costs and life ex-
pectancy of strategies performed at dif-
ferent screening intervals, beginning at
35 years of age, are shown in FIGURE 2.
Cervical cancer screening increased dis-
counted life expectancy by 0.84 to 3.50
months, depending on the screening
strategy. The cost-effectiveness of mov-
ing from one screening strategy to an-
other more costly alternative is repre-
sented by the difference in cost divided
by the difference in life expectancy as-
sociated with the 2 strategies. Strategies
lying on the efficiency curve dominate
those lying to the right of the curve be-
cause they are more effective and either
cost less or have a more attractive cost-
effectiveness ratio than the next best
strategy. A cost-effectiveness ratio is
shown for each nondominated strategy
and is the reciprocal of the slope of the
line connecting the 2 screening strate-
gies under comparison; this slope will be
steeper when the net gain in life expec-
tancy per US dollar is greater.13

A single lifetime screen, using a 1-visit
strategywithDVI,wasmoreeffectiveand
less costly than no screening (Figure 2).
Screening with a 1-visit DVI twice in a
lifetime (at ages 35 and 40 years) pro-
vided additional life expectancy ben-
efits for $70/YLS, compared with screen-
ing only once in a lifetime. Performing

this strategy 3 times per lifetime (at ages
35, 40, and 45 years) rather than twice
increased mean life expectancy by only
3 days and was dominated by the DVI
strategyperformedevery5years.Atmost
screening frequencies, a 2-visit HPV
DNA testing strategy was dominated by
amore frequent1-visit strategywithDVI.
Testing for HPV every 3 years was the
only nondominated HPV strategy, with
a cost-effectiveness ratio of $11500/

YLS, compared with performing DVI
every 3 years. All 3-visit cytology strat-
egies (ie, screening at the first visit, per-
forming colposcopy at the second visit,
and treating biopsy-confirmed SIL at a
thirdvisit)weredominatedbecause they
cost more, although they were less effec-
tive, than either 1-visit DVI or 2-visit
HPV DNA testing strategies. At all
screening frequencies, the conven-
tional 3-visit cytology strategy resulted

Table 2. Selected Costs: Base-Case Values and Ranges Used in Sensitivity Analyses*

Variable

Base-Case Public
Sector Cost†

Range‡
South African

Rand US $ US $

Screening tests63

Cervical cytology (conventional Papanicolaou test) 57.90 9.30 7.00-12.00

Direct visual inspection 10.00 1.61 0.50-3.00

HPV DNA hybrid assay 53.00 8.55 5.00-20.00

Health care costs63

Screening visit 30.00 4.81 ‡

Cryotherapy visit 70.00 11.29 ‡

Extended clinic visit 105.30 16.98 ‡

Diagnostic workup and treatment63

Colposcopy 123.10 19.85 ‡

Biopsy(s) 82.00 13.22 ‡

Cost of histologic analysis 105.20 16.97 ‡

LEEP 100.30 16.18 ‡

Cost of histologic analysis 131.50 21.21 ‡

Cryotherapy 63.80 10.30 ‡

Minor complications 105.30 16.98 ‡

Major complications 1200 193.55 ‡

Conization (cold knife) 246.20 39.71 ‡

Selected patient time costs, mean (range), min
Screening visit,15 (5-30) min 0.62 0.10 ‡

Colposcopy visit, 20 (15-40) min 0.83 0.13 ‡

Cryotherapy visit, 20 (15-40) min 0.83 0.13 ‡

Treatment with radical hysterectomy, 8546 min 352.90 56.93 ‡

Treatment with radiation therapy, 7770 min 320.90 51.76 ‡

Travel to clinic, 112 (90-244) min 4.62 0.74 ‡

Travel to referral center, 168 (90-336) min 6.94 1.12 ‡

Wait, 45 (36-90) min 1.86 0.30 ‡

Transportation time for average clinic visit 3.5 0.56 ‡

Selected total treatment costs
(direct medical and time costs)

Cryotherapy in patients suitable
for outpatient treatment

141.10 22.70 ‡

Local invasive cervical cancer 12 155 1960 980-2940

Regional invasive cervical cancer 8161 1316 658-1974

Distant invasive cervical cancer 7162 1155 577-1732

Cost of HIV-related health care
Treatment of opportunistic infections 1854 299 ‡

Palliative care 3.1 19 ‡

*HPV indicates human papillomavirus; SIL, squamous intraepithelial lesion; LEEP, loop electrosurgical excision pro-
cedure; and HIV, human immunodeficiency virus.

†Estimates expressed in 1999 South Africa Rand and converted to US dollars at an exchange rate of R6.2/$1.67

‡Plausible ranges +/- 25% of the base-case value unless otherwise indicated.
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in a lower reduction in cervical cancer
incidence compared with a 1-visit DVI
or 2-visit HPV strategy.

All screening tests may not be equally
available in low-resource settings, and
certain screening tests may be selected
for programmatic reasons. For example,
insomeregions, itmaybedifficult topro-
vide the ongoing training necessary for
performing DVI. There are a number of
ways in which HPV DNA testing could
be incorporated into the screening strat-
egy in low-resource settings. In addi-
tion to the 2-visit clinician-collected
strategy used in the base case, one could
consider using HPV testing of self-
collectedsamples.Another feasible strat-
egy is rapid processing of clinician-
collected samples in the clinic, allowing
screeningandtreatmentat thesamevisit.
Assuming these3strategieswereequally
accessible, a 1-visit strategy with clini-
cian-collected samples was more effec-
tive and less costly than either of the
2-visit strategies.However, intheabsence
of a 1-visit strategy, a 2-visit single life-

time screen using a self-collected sample
for HPV would cost only $26/YLS com-
pared with no screening.

Cost-effectiveness of Once
in a Lifetime Screening
While Figure 2 provides insight into the
relative efficiency of different screen-
ing strategies, the majority had cost-
effectiveness ratios beyond the thresh-
old of the poorest countries.76 Therefore,
we conducted an analysis comparing the
screening strategies when performed
only once in a lifetime, at 35 years of age
(TABLE 3, upper half). Compared with
no screening, a 1-visit DVI strategy re-
duced the incidence of cancer by 26%,
increased life expectancy by 0.84
months, and was associated with lower
mean total lifetime costs. A 1-visit strat-
egy using a clinician-collected sample for
HPV reduced cancer incidence by 32%
and, compared with the DVI strategy, in-
creased life expectancy by 0.19 months
for $118/YLS. All 2-visit strategies and
the 3-visit strategy using cervical cytol-

ogy were dominated by a 1-visit HPV
DNA testing strategy because they cost
more, although they were less effec-
tive. All strategies that incorporated 2
screening tests, either in combination or
sequentially, either cost more and were
less effective (ie, thereby eliminated by
strong dominance) or had a less attrac-
tive cost-effectiveness ratio than other
more effective strategies (ie, thereby
eliminated by weak dominance). These
single-lifetime strategies, when tar-
geted to women younger than age 30
years or older than age 45 years, were
never as cost-effective as targeting
women in their mid-to-late 30s.

Because these screening strategies may
not be equally available in low-resource
settings, their cost-effectiveness ratios
also were calculated by comparing the
incremental costs and benefits of each
strategy with no screening (Table 3,
lower half). With the exception of a
single-lifetime DVI, the cost-effective-
ness ratios ranged from $14 to $147/
YLS, each compared with no screening.

Sensitivity Analysis
Results were most sensitive to the natu-
ral history of SIL, sensitivity, and cost
of the screening tests, cost of cancer care,
and HPV prevalence. However, when we
varied these parameters one at a time (ie,
1-way sensitivity analysis) over a plau-
sible range, the rank ordering of screen-
ing strategies did not change.

We conducted a series of sensitivity
analyses in which 2 and 3 variables were
varied simultaneously (ie, 2- and 3-way
sensitivity analysis). The choice be-
tween using a 2-visit clinician-
collected HPV strategy or a single-
visit DVI performed once in a lifetime
depended on 3 things: test cost, test sen-
sitivity, and the cost-effectiveness
threshold (ie, willingness to pay for a
YLS). Given a cost-effectiveness thresh-
old of $5/YLS, a 1-visit DVI was nearly
always preferred to a 2-visit HPV DNA
testing. If the cost-effectiveness thresh-
old is $50/YLS, a 1-visit DVI was only
preferred to a 2-visit HPV testing if the
sensitivity of DVI exceeded 58%, and
all other variables were held constant.
At this cost-effectiveness threshold,

Figure 2. Discounted Lifetime Costs and Benefits of Screening at Different Intervals With
1-Visit DVI, 2-Visit HPV DNA Testing of Clinician-Collected Samples, and 3-Visit Cervical
Cytology
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DVI indicates direct visual inspection; YLS, years of life saved; and HPV, human papillomavirus. Strategies ly-
ing on the efficiency curve dominate those lying to the right of the curve because they are more effective and
either cost less or have a more attractive cost-effectiveness ratio than the next best strategy. Compared with
no screening, the incidence of cancer was reduced by 26% in the 1-visit DVI strategy, by 37% in the 2-visit
DVI strategy, by 69% in the DVI every 5 years strategy, by 81% in the DVI every 3 years strategy, and by
85% in the HPV every 3 years strategy. The cost-effectiveness ratio is the reciprocal of the slope of the line
connecting the 2 screening strategies under comparison.
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2-visit HPV testing was preferred to DVI
when the cost of HPV testing was re-
duced by approximately 25%.

The overall results were minimally
sensitive to reasonable changes in the
prevalence of HPV and HIV. When the
prevalence of HIV was varied from
5% to 30%, the incremental cost-
effectiveness of 2-visit HPV testing
ranged from $70 to $110/YLS, com-
pared with DVI. Over this entire range,
1-visit DVI remained cost saving.

COMMENT
For South African women similar to
those in our cohort, a single-lifetime
screen with DVI or HPV DNA testing
coupled with immediate cryotherapy for
those with positive results compared
with no screening reduced the inci-
dence of cervical cancer by 26% to 32%
and cost less than $50 per woman. In
agreement with other study results, we
found that targeting this single life-
time screening to unscreened women
35 years of age provided the best bal-

ance between clinical benefits and
costs.31,37,40

One-visit strategies were more effec-
tive and less costly than 2-visit strate-
gies. Single-visit strategies eliminated
the costs involved with the second visit
and, more importantly, eliminated the
loss to follow-up that occurred with
each additional visit. Traditional 3-visit
strategies were least cost-effective.

Introducing 1- and 2-visit strategies
that eliminatecolposcopicevaluationand
treat all screen-positive women may have
important implications. Both DVI and
HPV testing have a relatively low speci-
ficity, and therefore, a substantial num-
ber of women without histopathologic
evidence of cervical disease will un-
dergo treatment (eg, cryotherapy). Our
model incorporates the known clinical
and economic consequences resulting
from immediate treatment and, even
when the false-positive rate of DVI or
HPV testing increases to 20%, our re-
sults were robust. This is because the
known adverse health effects of cryo-

therapy are minimal compared with the
5% lifetime risk of cervical cancer that
is estimated for black South African
women.77 In developing countries, such
as the United States, the cost-effective-
ness of screening is sensitive to changes
in specificity because of both the costly
diagnostic work triggered by an abnor-
mal test result and the frequency with
which screening is conducted.36 In con-
trast, in the 1- and 2-visit strategies we
evaluated, women are screened a lim-
ited number of times, and if they are
screen positive, they undergo a single
relatively inexpensive intervention (eg,
cryotherapy). We emphasize, however,
that additional studies are needed to es-
tablish the efficacy and complications of
cryotherapy when performed without
colposcopy in low-resource settings.

South Africa provides a relatively high-
level of care to women with cervical can-
cer, and our results, in part, reflect the
averted high costs of this care with
screening. However, even when cancer
costs were reduced by 50%, a 1-visit strat-

Table 3. Discounted Costs, Mean Life Expectancy, and Incremental Cost-effectiveness of Cervical Cancer Screening Once in a Lifetime in
South African Women at 35 Years of Age*

Screening Strategy

Mean
Lifetime

Costs, US $
Incremental

Costs, US $†
Mean Life

Expectancy, y

Mean Gain in
Life Expectancy,

9 mo†

Reduction
Cervical Cancer

Incidence, %
Cost-effectiveness
Ratio, US$/YLS†

Strategies Compared Incrementally‡
No screening 40.00 . . . 19.099 . . . . . . . . .
1-Visit strategies

DVI 39.19 −0.81 19.169 0.84 26 Cost saving
HPV testing 41.13 1.94 19.185 0.19 32 118

2-Visit strategies
Self-collected HPV 41.61 0.48 19.161 −0.29 23 Dominated§
DVI followed by HPV 41.77 0.64 19.139 −0.55 15 Dominated§
Clinician-collected HPV 42.90 1.13 19.172 −0.16 27 Dominated§
Cervical cytology 44.19 3.06 19.151 −0.41 19 Dominated§

3-Visit strategies
Cervical cytology 46.44 5.31 19.143 −0.50 17 Dominated§

Strategies Each Compared With No Screening¶
1-Visit strategies

DVI 39.19 −0.81 19.169 0.84 26 Cost saving
HPV testing 41.13 1.13 19.185 1.03 32 14

2-Visit strategies
Self-collected HPV 41.61 1.61 19.161 0.74 23 26
DVI followed by HPV 41.77 1.77 19.139 0.48 15 44
Clinician-collected HPV 42.90 2.90 19.172 0.88 27 39
Cervical cytology 44.19 4.19 19.151 0.62 19 81

3-Visit strategies
Cervical cytology 46.44 6.44 19.143 0.53 17 147

*YLS indicates years of life saved; DVI, direct visual inspection; HPV, human papillomavirus DNA testing using a high-risk HPV probe.
†The difference in cost divided by the difference in life expectancy for each strategy compared with the next best strategy.
‡All strategies are assumed to be equally available.
§Strategies shown cost more but were less effective than 1-visit HPV testing and were therefore dominated.
¶Cost-effectiveness ratios were calculated by comparing the incremental costs and benefits of each strategy with no screening.
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egy using DVI performed once in a life-
time was less than $50/ YLS. Varying the
prevalence of HIV infection had a neg-
ligible impact on the cost-effectiveness
ratio or rank ordering of the single-
lifetime screening strategies, in part, be-
cause we assumed women with symp-
tomatic AIDS would not be screened.
Moreover, the AIDS epidemic has had
less of a dramatic impact on women in
older age groups—the life expectancy of
the average black South African woman
who reaches 35 years of age exceeds 25
years.70,71 The averted mortality in this
group of women drives our results.

Although cost-effectiveness analysis
can help illustrate the tradeoffs with dif-
ferent policy alternatives, it serves as only
1 input to decision making. Qualitative
considerations may be important when
selecting one screening strategy over an-
other. In some countries, treating screen-
positive women without histopatho-
logic evidence of cervical disease may be
inconsistent with societal values, de-
spite that, at least in the case of HPV test-
ing, screen-positive women are at sig-
nificant risk for developing cervical
disease.23 In other settings, because of a
low cultural acceptance of pelvic exami-
nations, HPV testing of self-collected
vaginal specimens may be the most at-
tractive strategy. Finally, implementing
screening programs based on DVI or
HPV testing requires different types of
resources, and the relative availability of
these resources in different settings will
affect the choice of strategy.

Our analysis has several limitations.
First, data were combined from mul-
tiple sources that varied in study design
and entry criteria, and surrogate mark-
ers (eg, SIL)evaluated in relatively short-
term clinical studies were used to
extrapolate long-term consequences. In
addition, the up-front costs of initiating
new screening programs or of provid-
ing ongoing training and supervision of
clinicians practicing DVI were not
included, since these costs are relatively
unknown and will likely be region spe-
cific. In fact, the relative attractiveness
of implementingDVIorHPVtestingwill
depend on country-specific human and
economic programmatic resources. Sec-

ond, the effectiveness of interval screen-
ing using DVI or HPV testing has not
beenfullyevaluated,andweassumedthat
thesensitivityof thesetestsremainedcon-
stant. However, the impact of this
assumption was minimized by focusing
on the 1-visit screening strategies. Third,
our results may not be generalizable to
countriesother thanSouthAfrica.Coun-
try-specific differences in many of our
assumptions will need to be incorpo-
rated into independent analyses. Note
thatourmostgeneral resultswere robust
despite varying many of the parameters
expected to differ between geographic
regions.

Cervical cancer screening is but 1 of
many public health issues competing
for resources in developing countries,
and therefore, the optimal screening
strategy will ultimately depend on the
cost-effectiveness threshold of a given
setting.76 For countries with cost-
effectiveness thresholds below $2 or
$3/YLS, a single lifetime screen using
DVI coupled with immediate treat-
ment may be the only feasible strategy.
For countries that can afford up to $50/
YLS, a single-lifetime screen using HPV
is also an attractive option. The cost-
effectiveness of both of these screen-
ing strategies compares favorably with
otherpublichealth interventions in low-
resource settings, such as childhood
immunizations and AIDS prevention
programs.78,79 Because these strategies
offer enormous public health impact,
clinical studies to evaluate the long-
term consequences of the use of imme-
diate cryotherapy and to identify the real
world barriers to implementing less
complex screening programs should be
given the highest priority.
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CORRECTIONS

Incorrect Affiliation Description: In the Letters entitled “Outcomes of a Trial of HIV-1
Immunogen in Patients With HIV Infection” published in the May 2, 2001, issue of
THE JOURNAL (2001;285:2191), the author affiliation description was incorrect. On
page 2191, the sentence that read “ASG Inc is a provider of information technol-
ogy consulting services” should have read “ASG is a provider of clinical research,
data management, and statistical services to the pharmaceutical industry.”

Error in Text and Table: In the Original Contribution entitled “Long-term Effects
of an Early Childhood Intervention on Educational Achievement and Juvenile Ar-
rest: A 15-Year Follow-up of Low-Income Children in Public Schools” published
in the May 9, 2001, issue of THE JOURNAL (2001;285:2339-2346), there was an
error in the text and in the table. On page 2342, in Table 2, the zeros in the last 2
columns of the last 2 rows should have been P,.001. In the third column of the
text, the paragraph above the heading “Outcome Variables,” the last sentence that
reads “The mean per child expenditures in 1996 for 1 year of preschool and 1
year of school-age participation are $4350 and $15.00.” should read “The mean
per child expenditures in 1996 for 1 year of preschool and 1 year of school-age
participation are $4350 and $1500.”

Incorrect Word: In the Letters entitled “Overuse of Administrative Data to Mea-
sure Underuse of Care” published in the February 14, 2001, issue of THE JOURNAL
(2001;285:735-736), an incorrect word, “biannual,” was placed in the text. On
page 735, the sentence that read “Nonetheless, a recent cost-effectiveness analy-
sis concluded that biannual eye examinations were appropriate for low-risk indi-
viduals with type 2 diabetes.4 ” should have read “Nonetheless, a recent cost-
effectiveness analysis concluded that biennial eye examinations were appropriate
for low-risk individuals with type 2 diabetes.4 ”

Reference Incorrectly Cited: In the Original Contribution entitled “Policy Analy-
sis of Cervical Cancer Screening Strategies in Low-Resource Settings: Clinical
Benefits and Cost-effectiveness” published in the June 27, 2001, issue of THE
JOURNAL (2001;285:3107-3115), the reference was cited incorrectly. On page 3114,
reference 9, “Visual inspection with acetic acid for cervical-cancer screening: test
qualities in a primary-care setting: University of Zimbabwe/JHPIEGO Cervical Can-
cer Project. Lancet. 1999;353:869-873.” should be “University of Zimbabwe/
JHPIEGO Cervical Cancer Project. Visual inspection with acetic acid for cervical-
cancer screening: test qualities in a primary-care setting. Lancet. 1999;353:
869-873.”

Incorrect Wording: In the Letters entitled “Industry Support of Researchers in
Universities and Academic Medical Centers” published in the May 9, 2001,
issue of THE JOURNAL (2001;285:2324-2325), there was incorrect wording in a
sentence. On page 2324, in the second column, third paragraph, the sentence
that read “The economics of low-margin computer chip markets are forcing
companies to scale back their basic university-supported research and they are
focusing on increasing productivity.” should have read “The economics of low-
margin computer chip markets are forcing companies to scale back their
university-supported basic research and they are focusing on increasing produc-
tivity.”

Incorrect Spelling of Author’s Last Name: In the Letters entitled “Helping
Patients Integrate Research Evidence” published in the November 22/29, 2000,
issue of THE JOURNAL (2000;284:2595), the author’s last name was misspelled.
On page 2595, the author’s last name “Kritiansen” should have been “Kris-
tiansen.”
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