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ABSTRACT

BACKGROUND
Cervical-cancer screening strategies that involve the use of conventional cytology and
require multiple visits have been impractical in developing countries.

METHODS

We used computer-based models to assess the cost-effectiveness of a variety of cervical-
cancer screening strategies in India, Kenya, Peru, South Africa, and Thailand. Primary
data were combined with data from the literature to estimate age-specific incidence
and mortality rates for cancer and the effectiveness of screening for and treatment of
precancerous lesions. We assessed the direct medical, time, and program-related costs
of strategies that differed according to screening test, targeted age and frequency, and
number of clinic visits required. Single-visit strategies involved the assumption that
screening and treatment could be provided in the same day. Outcomes included the
lifetime risk of cancer, years of life saved, lifetime costs, and cost-effectiveness ratios
(cost per year of life saved).

RESULTS

The most cost-effective strategies were those that required the fewestvisits, resulting
in improved follow-up testing and treatment. Screening women once in their lifetime,
atthe age of 35 years, with a one-visit or two-visit screening strategy involving visual in-
spection of the cervix with acetic acid or DNA testing for human papillomavirus (HPV)
in cervical cell samples, reduced the lifetime risk of cancer by approximately 25 to 36
percent, and cost less than $500 per year of life saved. Relative cancer risk declined by
an additional 40 percent with two screenings (at 35 and 40 years of age), resulting in a
cost per year of life saved that was less than each country’s per capita gross domestic
product — a very cost-effective result, according to the Commission on Macroeco-
nomics and Health.

CONCLUSIONS
Cervical-cancer screening strategies incorporating visual inspection of the cervix with
acetic acid or DNA testing for HPV in one or two clinical visits are cost-effective alterna-
tives to conventional three-visit cytology-based screening programs in resource-poor
settings.
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COST-EFFECTIVENESS OF CERVICAL-CANCER SCREENING IN DEVELOPING COUNTRIES

ERVICAL CANCER IS A LEADING CAUSE

of death from cancer among women in

low-resource settings, affecting women at
a time of life when they are critical to social and
economic stability.® Cervical cancer is highly pre-
ventable through cytologic screening programs that
facilitate the detection and treatment of precancer-
ous lesions. Such screening, however, requires an
established laboratory, highly trained cytotechnol-
ogists, and up to three visits for screening, evalua-
tion of cytologic abnormalities, and treatment and
is therefore difficult to implement and sustain in
settings with limited resources. Alternative meth-
ods, such as DNA testing for human papillomavirus
(HPV) and simple visual screening, may prove more
practical when incorporated into new strategies that
are less dependent on existing laboratory infrastruc-
ture and require fewer visits.2©

Although recent studies support the potential
promise of an effective vaccine against selected
high-risk types of HPV, the vaccine is not yet com-
mercially available.?-8 Since first-generation vac-
cines will target young adolescents, it will take
several decades to determine the effect of these vac-
cines on the rate of death from cervical cancer. Even
then, since current vaccines target only two types
of oncogenic HPV, a combination of screening
and vaccination will probably be required. Conse-
quently, timely implementation of a cost-effective
screening strategy for use in developing countries
is particularly critical.

Using primary data from studies in countries
with diverse epidemiologic profiles and resources
(India, Kenya, Peru, South Africa, and Thailand),
we assessed the cost-effectiveness of alternative
strategies to reduce the rate of death from cervical
cancer (Table 1).9-11 This approach had consider-
able advantages over previous analyses, which gen-
erally have not included the costs of laboratory
equipment and supplies, transportation of speci-
mens, training, administration, and other pro-
gram-related activities. Moreover, because most
studies have involved the assessment of screening
options for a single country,213 clinical and eco-
nomic assumptions have not been standardized,
making it difficult to compare results. The analytic
approach we have used was designed to permit in-
ferences to be made about policies regarding the
control of cervical cancer that would be easily gen-
eralizable.

METHODS

OVERVIEW
With the use of a computer-based model, we syn-
thesized the best available data and simulated the
natural history of HPV-induced cervical neoplasia
and the procedures used in the screening, diagno-
sis, and treatment of cervical cancer. We assessed
alternative strategies by determining the incremen-
tal cost-effectiveness ratio, which is defined as the
additional cost of a specific strategy divided by its
additional clinical benefit, as compared with the
next-less-expensive strategy. The numerator repre-
sents the average lifetime costs per woman (in 2000
international dollars, a currency unit that minimiz-
es the consequences of differences in price levels
existing among countries), and the denominator
represents the average gain in life expectancy per
woman. We discounted costs and benefits by an
annual rate of 3 percent, consistent with economic
guidelines.1415

NATURAL-HISTORY MODEL

In our model, which has been described previous-
ly,12 the health states among subjects represent
HPV DNA status, the grade of cervical intraepithe-
lial neoplasia (grade 1, grades 2 and 3), and the
stage of invasive cancer. Movement through the
health states occurs in monthly increments accord-
ing to probabilities that are dependent on age, HPV
status, and disease history. Although we assume
that the natural history of cervical cancer is similar
across countries, we also assume that patterns of
sexual behavior and risk factors for cervical cancer
vary; we therefore have incorporated age-specific
rates of death due to causes other than cancer, such
as those associated with pregnancy and the human
immunodeficiency virus (HIV).1¢ Calibration meth-
ods ensured that the age-specific incidence of cervi-
cal cancer and rates of death from the disease as
predicted by each model approximated the best
available country-specific data® (see the Supple-
mentary Appendix, available with the full text of
this article at www.nejm.org).

SCREENING MODEL AND STRATEGIES

We differentiated screening strategies according to
number of clinical visits, frequency of screening,
and targeted ages. Tests included visual inspection
of the cervix with acetic acid (hereafter referred to
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Table 1. Demographic and Economic Characteristics of the Countries.*

Characteristic India Kenya Peru  South Africa Thailand
Total population (millions) 1,016 30 26 44 61
Rural population (% of total) 72.34 64.11 27.23 44.51 68.86
Population density (no. of persons/km?2) 341.69 52.87 20.26 36.03 118.87
Women 35-39 yr of age (% of total population) 3.28 2.18 3.21 3.35 4.10
Literacy rate among women =15 yr of age (%) 45.39 76.02 85.24 84.56 90.52
Women employed in informal sector (% of women employed) 86 83 58 58 54
Average hourly wage rate (2000 international dollars) 0.48 1.94 2.26 9.90 2.59
Female life expectancy at birth (yr):: 63.56  47.37 71.69 48.97 71.06
Cervical-cancer incidence (age-standardized incidence per 186.50 200.10  238.30 174.80 129.60

100,000)§

HIV prevalence among adults (% of total population) 0.70 14 0.40 19.90 2.20
Per capita gross domestic product (2000 international dollars){ 2,430 1,005 4,747 9,486 6,373

* Data are from the World Bank,® the International Labor Office,° and the U.S. Department of Commerce.!?
T The international dollar is a unit of currency that minimizes the consequences of differences in price levels existing

among countries.

I The average life expectancy for women who reach 35 to 40 years of age in Kenya is 67.9 years and in South Africa 68.8

years.

§ Age-standardized incidence is computed as a weighted average of age-specific cancer rates, with the population propor-

tions of a global standard age pattern used as weights.

as visual inspection), cytologic examination of cer-
vical cells on a Papanicolaou smear, and DNA test-
ing for HPV in cervical-cell samples with the use of
the hybrid-capture method (Hybrid Capture Il HPV
test, Digene). We also evaluated a combined strategy
of HPV and visual inspection testing in which vi-
sual inspection followed a positive HPV DNA test.
Three-visit strategies included an initial screening
test, colposcopy and biopsy in the case of positive
results, and treatment of cervical intraepithelial
neoplasia. Two-visit strategies consisted of ini-
tial screening followed by treatment, without col-
poscopic evaluation, of all women with positive
screening results. One-visit strategies incorporated
same-day screening and treatment for women with
positive screening results. A single lifetime screen-
ingwas performed at 35 years of age, with addition-
al screenings performed at five-year intervals. Tar-
get ages and screening intervals were varied in
sensitivity analyses.

We assumed that screening was performed at
a primary-level facility. One-visit and two-visit strat-
egies involved the use of visual inspection to de-
termine whether women with positive results on
screening were eligible for cryosurgery; those with
lesions that covered more than 75 percent of the
cervix or that extended to the vaginal wall or 2 mm
beyond the tip of the probe used for cryosurgery
and those with anatomical abnormalities of the cer-

vix were ineligible. Women deemed ineligible were
referred to a secondary-level facility (e.g., a district
or regional hospital) for diagnostic testing (e.g., col-
poscopy and biopsy) and, if necessary, treatment of
precancerous lesions with a loop electrosurgical ex-
cision procedure, cold-knife conization, or simple
hysterectomy, depending on the size and type of le-
sion. For three-visit strategies, women with posi-
tive screening results were referred for diagnostic
testing, with those who required treatment return-
ing for a third visit. Women in whom cancer was
detected were referred to secondary or tertiary care
hospitals.

CLINICAL DATA

Table 2 shows selected variables, based on primary
data and published literature,3-6:17:18 that were used
to conduct comparative analyses for all five coun-
tries. Methods to derive variables related to natural
history, including those used to account for the ef-
fect of HIV, have been described previously2 (see
also the Supplementary Appendix).

COST DATA

Costs are presented in 2000 international dollars,
with differences in purchasing power taken into ac-
count.1® We used a quantity-and-price approach to
estimate total costs, with primary data used when
available. Details of the procedures used for cost es-
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timation are provided in the Supplementary Ap-
pendix.

We categorized costs as direct medical costs
(e.g., for staff, disposable supplies, equipment, and
specimen transport), women’s time costs (time
spent traveling and waiting for and receiving care),
transportation costs, or program-related costs.
Since many women who were eligible for screening
were not formally employed, we estimated the value
of their time with the use of a weighted average of
wages for formal-sector jobs and of minimum wag-
es for informal-sector jobs9-11,19-21 (see the Supple-
mentary Appendix). We estimated program-related
costs that differed according to strategy, such as
those for laboratory equipment and supplies, spec-
imen transport, and training for and supervision of
particular techniques, assuming an 80 percent use
of capacity.19:22 We assumed that activities related
to administration and recruitment would increase
the total medical costs by an additional 25 percent
and varied this increase from 10 to 75 percent in the
sensitivity analysis.

Figure 1 shows the relative consistency of the di-
rect medical costs associated with the screening vis-
its in all five countries. The considerable variation
in patient time and transport costs reflects differ-
ences among rural populations and population
densities, comprehensiveness of coverage by the
primary-level clinic, and wages, difficulty of trav-
el, or both.9-11,19-23

Table 3 summarizes selected costs associated
with diagnosis and treatment, including those for
false positive results, referral of women ineligible
for cryosurgery to other centers, and treatment
complications. The allocation of resources for each
stage of cancer treatment was based on clinical
protocols used at regional hospitals and cited in
other studies.12:13,24,25

RESULTS

REDUCTION IN LIFETIME RISK

The country-specific reduction in the lifetime risk
of invasive cervical cancer with a single screening
at the age of 35 years ranged from 25 to 31 percent
with one-visit and two-visit visual inspection, 30 to
36 percent with one-visit and two-visit HPV DNA
testing, and 18 to 22 percent with two-visit and
three-visit cytologic examination. As compared with
a single screening, two screenings (at 35 and 40
years of age) provided an increased relative reduc-
tion in lifetime risk of approximately 40 percent.

N ENGL J MED 353;20 WWW.NEJM.ORG

Table 2. Selected Variables of the Model Used in the Comparative Analysis
for the Five Countries.*
Variable Base Case  Range
percent

Characteristics of screening tests
Visual inspection with acetic acid

Sensitivity 76 60-90

Specificity 81 66-96
HPV DNA

SensitivityT 88 65-95

Specificity 93 70-96
Cytology

Sensitivity 63 45-85

Specificity 94 80-98
Characteristics of screening program
Participation:: 100 25-100
Loss to follow-up (per visit)§ 15 0-50
Criterion for ineligibility for cryosurgery according to

disease status9

DNA is normal or positive for HPV, without CIN 5 0-50
CIN, grade 1 15 0-50
CIN, grade 2 or 3 25 0-50
Cryosurgery|
Effectiveness in women with CIN, grade 1 85 50-90
Effectiveness in women with CIN, grade 2 or 3 75 50-90
Major complications 1 0-3
Minor complications 5 0-15

* The variables shown represent only those values used in the comparative

analysis for all five countries; other variables are shown in the Supplementary
Appendix. Each variable used in the baseline analysis (base case) was varied
over the range of values shown in the sensitivity analysis. HPV denotes human
papillomavirus, and CIN cervical intraepithelial neoplasia.

- Sensitivity is defined as the probability of a positive test given the presence of

cervical intraepithelial neoplasia of grade 2 or more.

- In order to compare our results with those of other published analyses, we

assumed that screening participation was 100 percent in the base case. Sen-
sitivity analyses varied coverage according to the assumption that the popu-
lation has either a homogenous or a heterogeneous risk of cervical cancer
(i.e., women who are not screened are at higher risk than women who receive
screening) (see the Supplementary Appendix).

§ We assumed that a loss to follow-up occurred for each clinical contact. For ex-

ample, for a three-visit strategy, there would be an overall loss to follow-up of
approximately 45 percent (see the Supplementary Appendix).

9§ The value shown is the proportion of women in each underlying disease cate-

gory who would be ineligible for cryosurgery on the basis of visual inspection
of the cervix and would be referred to a district or tertiary clinical care site for
appropriate evaluation. Among those with grade 1 cervical intraepithelial neo-
plasia, one third would undergo a loop electrosurgical excision procedure, one
third a cold-knife conization, and one third a simple hysterectomy; among
those with cervical intraepithelial neoplasia of grade 2 or 3, 50 percent would
undergo cold-knife conization and 50 percent simple hysterectomy.

| Treatment for cervical intraepithelial neoplasia of grade 2 or 3 with cryosurgery

resulted in a rate of immediate failure of 10 percent; a 10 percent recurrence of
cervical intraepithelial neoplasia after six months; and a 5 percent recurrence
after one year.
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Figure 1. Components of the Costs Associated with Screening.

The costs associated with screening, in 2000 international dollars (a unit of currency that minimizes the consequences
of differences in price levels existing among countries), are shown for the five countries. The height of each bar repre-
sents the total costs associated with the initial screening visit according to strategy — visual inspection of the cervix with
acetic acid (VIA), DNA testing for human papillomavirus (HPV), or cytologic examination of Papanicolaou smears
(Pap); the colored regions within bars represent categories of costs. Direct medical costs are subdivided into those at-
tributable to staff (dark blue), supplies (pink), and equipment and laboratory use (light blue). Other costs include those
associated with travel by the women (yellow) and the time associated with the women'’s traveling and waiting for and re-
ceiving care (green). Because data regarding all direct medical costs in South Africa were grouped into one category, we
attributed one third to staff, one third to laboratory and equipment use, and one third to supplies.

Three screenings (at 35, 40, and 45 years of age)
provided an additional 15 percent reduction in risk.
With maximized follow-up, through one-visit strat-
egies or other methods, HPV DNA testing was the
most effective strategy, followed closely by visual in-
spection and then cytologic examination. The least
effective strategies were two-visit and three-visit cy-
tologic examination and the combination of two-
visit visual inspection and HPV DNA testing.

COST-EFFECTIVENESS OF SCREENING

AT DIFFERENT INTERVALS

Figure 2 shows the lifetime costs and life expectan-
cy associated with eight strategies performed at dif-
ferent intervals for each country. Detailed results for
all strategies are available in the Supplementary Ap-
pendix.

The total discounted costs for a single lifetime
screening strategy (one-visit visual inspection, two-
visit HPV DNA testing, or three-visit cytologic exam-
ination) were lowest in India ($24.20, $26.29, and
$33.56, respectively) and highest in South Africa

($78.86, $82.51, and $110.95, respectively). The
costs for all screening strategies increased only
moderately with more frequent screening, since the
majority of the lifetime cost per woman is attribut-
able to cancer treatment.

The cost-effectiveness of a change from one
screening strategy to a costlier alternative is repre-
sented by the difference in cost divided by the dif-
ference in life expectancy associated with a compet-
ing strategy. Strategies lying on the “efficiency
curve” shown in each panel of Figure 2 “dominate”
those lying to the right of the curve, because they are
more effective and either cost less or have a better
cost-effectiveness ratio than the next best strategy.

The cost per year of life saved associated with a
single lifetime screening, with the use of either vi-
sual inspection or HPV DNA testing as compared
with no screening, varied from $10 to $467. A strat-
egy of one-visit visual inspection is the least costly
nondominated strategy in India ($10 per year of life
saved) and Kenya ($134 per year of life saved). HPV
DNA testing with same-day treatment is the least
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Table 3. Selected Costs Associated with the Diagnosis and Treatment of Cervical Cancer in the Five Countries.*

Variable

Diagnostic and treatment options for CIN grade 2 or 3
Direct medical costs
Colposcopy and biopsy
Cryosurgery
Loop electrosurgical excision procedure
Cold-knife conization
Simple hysterectomy
Transportation and time costsi
Patient’s average hourly wage
Colposcopy and biopsy
Cryosurgery
Loop electrosurgical excision procedure
Cold-knife conization
Simple hysterectomy
Staging and treatment of invasive cervical cancer(
Costs according to cancer stage at diagnosis9
Local
Regional

Distant

India Kenya Peru South Africa  Thailand

2000 international dollars

36.14 27.71 10.42 107.87 81.10
16.55 25.18 13.61 96.11 45.11
9596 22233 173.43 378.63 32439
212.58  291.58 394.17 458.48 486.58
303.68 601.39 533.64 1,582.73 973.16
0.30 0.76 1.81 4.80 1.82
13.90 20.84 28.56 29.60 10.32
0.70 10.18 17.17 20.14 2.40
13.95 20.97 28.86 30.40 10.63
14.03 21.16 29.31 31.60 11.08
14.45 22.23 31.88 38.40 13.66

1,445.39 1,552.45 3,436.34  4,658.51 2,550.17
2,104.93 1,925.20 2,894.28  3,043.83 2,892.57
2,10493 1,925.20  2,894.28  2,640.16 2,892.57

* Each value used in the baseline analysis was varied by +75 percent in sensitivity analyses. The international dollar is a
unit of currency that minimizes the consequences of differences in price levels existing among countries. CIN denotes

cervical intraepithelial neoplasia.

i Diagnostic and treatment costs include those associated with staff time, supplies, and equipment depreciation.

I Transportation and time costs include those associated with two-way travel, waiting at the clinical site, and receiving
treatment, as well as for round-trip transportation to the clinical site. Estimates do not include recovery time.

§ The costs associated with invasive cancer include both direct medical costs (those associated with staging of cancer se-
verity, hospitalization, stage-appropriate treatment, and follow-up visits) and direct nonmedical costs (those associated
with care, including all patient time spent in transport, waiting for and receiving treatment, and hospitalization), as well

as actual transportation costs.

9 Local cancer denotes the classification of invasive cervical cancer as stage 1al, 1a2, 1b1, 1b2, or 2a, regional as stage 2b,
3a, or 3b, and distant as stage 4a or 4b. For all countries except South Africa, treatment costs associated with regional

and distant cancer were derived as a single category.

costly nondominated strategy in South Africa ($467
per year of life saved). In Peru and Thailand, both
one-visit visual inspection ($124 per year of life
saved and $109 per year of life saved, respectively)
and HPV DNA testing ($152 per year of life saved
and $170 per year of life saved, respectively) domi-
nate all other options. In all countries, an increase
in screening frequency to two and three times per
lifetime is more effective but costlier, as reflected in
the increase in the cost-effectiveness ratio by a fac-
tor of 5 to 10.

Several strategies lying to the far right of the ef-
ficiency curve — including three-visit strategies us-
ing cytologic examination or HPV DNA testing —
are consistently unattractive because they cost more

but are less effective than one-visit or two-visit strat-
egies involving visual inspection or HPV DNA test-
ing over a wide range of sensitivity analyses. Other
strategies lying adjacent to the efficiency curve —
notably, two-visit HPV DNA testing, two-visit cyto-
logic examination, and two-visit visual inspection
—may be as cost-effective as strategies on the curve,
given varying assumptions about medical and pro-
gram-related costs, follow-up rates, and test per-
formance.

SENSITIVITY ANALYSIS

The cost-effectiveness of screening, irrespective of
method, was sensitive to the costs associated with
the treatment of invasive cancer and the target age
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Figure 2. Cost-Effectiveness of Screening for Cervical Cancer.

The discounted lifetime costs and life expectancy associated with eight strategies performed at different screening intervals are shown for the
five countries. The cost-effectiveness associated with a change from one strategy to a more costly alternative is represented by the difference
in cost divided by the difference in life expectancy associated with the two strategies. Strategies that lie on the efficiency curve dominate those
to the right of the curve because they are more effective and either cost less (indicating strong dominance) or have a more attractive cost-
effectiveness ratio (weak dominance) 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 two screening strategies under comparison; this slope is steeper when the net gain in life
expectancy per dollar is greater. YLS denotes year of life saved, VIA visual inspection of the cervix with acetic acid, HPV human papillomavirus
DNA testing, and Pap Papanicolaou smear.
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of screening, whereas the choice among strategies
was sensitive to test characteristics and screening
costs. When the costs associated with invasive can-
cer were doubled, as was the case when we includ-
ed the productivity costs of women dying from cer-
vical cancer, screening with a single lifetime visual
inspection or HPV DNA test became cost saving in
India, Kenya, Peru, and Thailand and was less than
$500 per year of life saved in South Africa. When
costs were halved, the cost-effectiveness of once-
in-a-lifetime screening increased by 50 to 75 per-
centin Kenya, Peru, and Thailand, by 25 percent in
South Africa, and by a factor of 8 in India. Strategies
involving a single lifetime screening when targeted
to women younger than 30 or older than 45 years of
age were never as cost-effective as was targeting
women in their mid-30s (see the Supplementary
Appendix).

In India, if the costs of HPV DNA testing were
reduced by 50 percent, two-visit HPV DNA testing
dominated one-visitvisual-inspection strategies and
cost $1 per year of life saved for one screening,
$73 for two screenings, and $231 for three screen-
ings in a lifetime. In Kenya and Peru, time and trans-
portation accounted for most of the screening costs,
and varying these costs had a greater effect than did
varying the direct medical costs. Furthermore, these
costs influenced the cost-effectiveness of two-visit
strategies more than one-visit strategies, owing to
a doubling of savings for travel and time. When
these costs were lowered by 50 percent, the costs
associated with all two-visit strategies were reduced
considerably, although visual inspection dominat-
ed unless the costs associated with HPV DNA testing
were also reduced by 50 percent.

The varying of program-related costs common
to all strategies (e.g., those associated with recruit-
ment) did not affect the rank ordering of strategies.
Large changes in program-related costs associated
with a particular strategy were more influential. If
the costs associated with ongoing training for a one-
visit visual-inspection strategy increased the total
screening costs by a factor of more than five rela-
tive to two-visit HPV DNA testing, for example, the
latter strategy was preferred. In contrast, two-visit
HPV DNA testing became less attractive if the pro-
gram-related costs of HPV DNA testing relative to
a one-visit visual-inspection strategy resulted in a
relative increase of more than twice the costs asso-
ciated with a one-visit visual-inspection strategy.

Results were sensitive to assumptions about
follow-up rates and differential screening coverage

among women with different risks of cancer. If the
per-visit loss to follow-up was reduced to 5 percent,
two-visit strategies became more attractive. In all
countries, three-visit strategies were never attractive
unless there was a simultaneous reduction in the
loss to follow-up, in time and travel costs, and in di-
rect medical costs. A reduction of 50 percent in
screening coverage resulted in a near-proportional
increase in the expected incidence of cervical can-
cer, provided that all women were equally compli-
ant. With the assumption that screening was less
likely to occur in high-risk women, the expected re-
duction in incidence was less than proportional,
making screening less cost-effective (see the Sup-
plementary Appendix). The results for Kenya and
South Africa that incorporated age-specific HIV-
related mortality were stable, provided that the tar-
get population was women 35 to 40 years of age who
did not have symptomatic cases of AIDS.

DISCUSSION

The most clinically effective and cost-effective
strategies in the countries we assessed were those
that enhanced the linkage between screening and
treatment, through either a reduced number of vis-
its or improved follow-up, and that relied on less
laboratory infrastructure than did conventional cy-
tologic methods. The screening of women with
one-visit or two-visit visual inspection or HPV DNA
testing at about 35 years of age would reduce the
lifetime risk of cervical cancer by 25 to 36 percent.
Two screenings in a lifetime would provide a rela-
tive increase in the lifetime reduction of risk of can-
cer of approximately 40 percent, although the in-
cremental benefits of three screenings are much
smaller.

The lifetime costs associated with alternative
screening approaches vary among countries, ow-
ing to differences in the costs associated with labor
and nontradable goods and the relative proportion
of direct medical, time, and transportation costs.
For similar reasons, cost-effectiveness ratios vary
as well. For example, the cost per year of life saved
for screening twice in a lifetime with a one-visit
visual-inspection strategy is $91 in India and $319
in Kenya; this same strategy with the use of HPV
DNA testing costs $310 per year of life saved in
Thailand, $453 in Peru, and $1,093 in South Africa.
Despite considerable differences among absolute
cost-effectiveness ratios, the policy implications for
these countries are similar once their relative re-
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sources (e.g., per capita gross domestic product
[GDP]) are considered.

There is no universal criterion that defines a
threshold cost-effectiveness ratio, above which an
intervention would not be considered cost-effective.
We chose to use guidelines specifically intended
for international comparisons, as proposed by
the Commission on Macroeconomics and Health,
which defines interventions with a cost-effective-
ness ratio that is less than the per capita GDP as
“very cost-effective.”2¢ Expressed in international
dollars, the per capita GDP ranges from $1,005 in
Kenya to $9,486 in South Africa, suggesting that
screening for cervical cancer twice in a lifetime in
Kenya and three times in South Africa, Peru, Thai-
land, and India would be considered very cost-effec-
tive. To place our results in the context of other
public health interventions, the cost-effectiveness
ratios that are associated with the most efficient
strategies are expressed as a percentage of each
country’s GDP (Table 4). Strategies that involve a
single lifetime screening are as cost-effective as hep-
atitis B immunization in India, second-line treat-
ment for tuberculosis in Peru, and prevention of
malaria with the use of bed nets in Kenya.27-29

Our analysis has several limitations. Data were
combined from multiple sources with varied study
designs, and many variables are uncertain. We could
notaccount for the temporal effects of factors such
as sexual behavior, although the effect of these fac-
tors on the cost-effectiveness of a strategy involving
one or two screenings in a lifetime would probably
be minimal. In settings with severe resource con-
straints, treatment for invasive cervical cancer may
be unavailable. That being said, cervical cancer is
one of the few cancers with a long preclinical phase,
and a successful cancer-control program aimed at
detecting and treating precancerous lesions there-
fore will reduce the number of cases that require
treatment. Finally, strategies we have identified as
cost-effective may be unaffordable without assis-
tance in the poorest countries; our results can pro-
vide guidance for the global community by identi-
fying health investments that are of the highest
priority and have the greatest promise.

The cost-effectiveness of an intervention is only
one consideration in terms of allocating scarce re-
sources. All screening tests may not be equally avail-
ablein all settings, and they may be selected for pro-
gram-related reasons, for qualitative attributes, or

Table 4. Cost-Effectiveness Ratios, Expressed as a Percentage of per Capita GDP, According to Country.*

Per capita GDP — international dollarsi 2,430

Screening strategy — %

Once per lifetime

VIA 0.41

HPV DNA test D
Twice per lifetime

VIA 3.74

HPV DNA test D

Three times per lifetime
VIA 11.03
HPV DNA test 24.32

Variable India Kenya Peru

South Africa Thailand
1,005 4,747 9,486 6,373

13.33 2.61 D 1.71
D 3.2 4,92 2.67

31.74 D D 4.35

70.15 9.54 11.52 4.86
D D D D
110.35 24.12 25.91 10.32

* The screening strategies shown reflect a same-day testing and treatment approach. GDP denotes gross domestic prod-
uct, VIA visual inspection of the cervix with acetic acid, and HPV human papillomavirus.

T According to criteria proposed by the Commission on Macroeconomics and Health, interventions with cost-effective-
ness ratios of less than 100 percent of the per capita GDP are very cost-effective. By comparison, the cost-effectiveness
ratio associated with hepatitis Bimmunization in India, expressed as a percentage of the GDP, is 2 percent; with volun-
tary counseling and testing for HIV in Kenya, 5 percent; with second-line treatment for tuberculosis in Peru, 10 percent;
and with malaria prevention with the use of bed nets in Kenya, 20 percent.

i Screening of women once per lifetime occurs at 35 years of age, twice per lifetime at 35 and 40 years, and three times at
35, 40, and 45 years. D denotes strategies that are dominated, meaning that they cost more than and are either less clin-
ically effective or less cost-effective than the next-best strategy.
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for their synergy with future public health initia-
tives. We considered it prudent to provide results
for all potentially available strategies, recognizing
that country-specific circumstances vary. For exam-
ple, a strategy that involves one-visit HPV DNA test-
ing requires screening sites to run the test on the
day that the sample is received. The currently avail-
able diagnostic test for HPV DNA takes several
hours to process, and a same-day approach may be
impractical for smaller rural settings. On the other
hand, two-visit strategies may be more culturally
acceptable in certain countries because women may
want to discuss treatment options with family mem-
bers after being screened.

Strategies that involve the use of visual inspec-
tion or HPV DNA testing and that require only one
or two clinical visits offer cost-effective alternatives
to conventional cytology-based screening in low-
resource settings. If targeted once or twice in a life-
time to women between the ages of 35 and 45 years,

these strategies would be among the most cost-
effective interventions available and could lower the
global incidence of cervical cancer by as much as
50 percent.
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