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Abstract
Objective: To assess cost-effectiveness of conventional 
cytology and HPV DNA testing for cervical-cancer screening 
in Colombia. Material and Methods: The National Cancer 
Institute of Colombia (NCIC) in 2007 developed a Markov 
model on the natural history of cervical cancer; no screening, 
conventional cytology, and HPV DNA testing were compared. 
Only direct costs were used. Outcomes comprise cervical 
cancer mortality, years of life saved, and lifetime costs. Dis-
counted incremental cost-effectiveness ratios were estimated 
and sensitivity analyses were conducted for key parameters. 
Results: Depending on the screening strategy a 69-81% 
mortality reduction might be expected. The HPV DNA tes-
ting every five years is a cost-effective strategy (Incremental 
Cost-Effectiveness Ratio (ICER): USD$44/YLS) if the cost 
per test is under USD$31. The effectiveness was sensitive 
to coverage and primarily to follow-up. Conclusions: HPV 
DNA testing is a cost-effective alternative for screening in 
Colombia. Not only high coverage but high follow-up rates 
are critical for successful screening programs. 
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Resumen
Objetivo: evaluar el costo-efectividad de la citología conven-
cional y la prueba de ADN-VPH para tamización de cáncer 
cervical en Colombia. Material y métodos: el Instituto 
Nacional de Cancerología de Colombia construyó en 2007 
un modelo de Markov de historia natural del cáncer cervical. 
Se comparó “no tamización”, citología convencional y prueba 
de ADN-VPH. Se utilizaron costos directos. Los desenlaces 
fueron mortalidad, años de vida ganados y costos. Se calcu-
laron razones de costo-efectividad incremental. Se realizaron 
análisis de sensibilidad para parámetros clave. Resultados: la 
mortalidad se redujo 69-81% según la estrategia. La tamiza-
ción con ADN-VPH cada cinco años es costo-efectiva (ICER 
(Razón de Costo-Efectividad incremental por sus siglas en 
inglés): 44 dólares por año de vida saludable) si los costos 
por prueba son menores a 31 dólares. La efectividad fue más 
sensible al seguimiento que a la cobertura. Conclusiones: 
La tamización con prueba ADN-VPH es costo-efectiva para 
Colombia. No solamente altas coberturas, sino también altos 
porcentajes de seguimiento son críticos para el éxito de la 
tamización.
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Cervical cancer is the second cause of cancer-related 
deaths in women. There are approximately 407 000 

new cases worldwide every year (81% occurring in de-
veloping countries) and it is the leading cause of death 
from cancer among Colombian women and the second 
among Latin American women.1 
 The incidence of cervical cancer has declined sub-
stantially in developed nations due to the success of 
widespread cytology programs;2 however, this result 
has not been obtained in most developing countries.3,4 
New technologies for early detection are promising but 
costly, and due to severe resource constraints, decision-
makers need to estimate costs and effectiveness in order 
to determine the best alternatives.5
 Despite several economic studies that analyze al-
ternatives for cervical cancer screening, few have been 
conducted in Latin America and none in Colombia,6-10 
and previous results on costs and effectiveness for 
various screening alternatives cannot be directly ap-
plied from other countries. Additionally, prior studies 
focused on screening tests or type of program (oppor-
tunistic or organized)11 and no direct assessments of 
program component effectiveness have been regularly 
done other than for coverage.
 In Colombia, early detection of cervical cancer is 
done on a 1-1-3 cytology strategy (annual conventional 
cytology until two consecutive negative smears and 
every three years afterwards), but without organized 
programs.12 Currently there is no available informa-
tion on screening performance other than the lack of 
impact on cervical cancer mortality and some reports 
about the yearly number of cytology tests.4 This study 
performs an economic evaluation of different cervical 
cancer screening alternatives and assesses the effect of 
coverage and follow-up of abnormal screening results 
on screening effectiveness in Colombia. 

Material and methods
The study was approved by the IRB at the National 
Cancer Institute in Colombia (NCIC). We developed a 
Markov model to simulate the natural history of cervi-
cal neoplasias (DATA 4.0 ©) including five models for 
various screening strategies. The outcomes comprise 
the reduction of cervical cancer mortality, years of life 
saved, and lifetime costs. We determined incremental 
cost-effectiveness ratios (ICER)13 and costs and ben-
efits were discounted by a 3% annual rate. A strategy 
was considered cost-effective if the cost per year of 
life saved was under the Colombian per capita GDP 
(US$3.200).14,15

 Sensitivity analyses were done for sensitivity and 
specificity of screening tests, as well as for screening, 

diagnoses, and treatment costs. The effect of coverage 
and follow-up of positive results on mortality from cer-
vical cancer was assessed for all screening strategies.

Natural history model

The model incorporates the natural history of cervical can-
cer (figure 1). A hypothetical cohort of unscreened women 
without a history of cervical neoplasia was included in the 
model. The women may transit between stages according 
to probabilities for annual cycles, up to completing the life 
expectancy for Colombian women (76 years).16

 The model’s predictions were compared with pub-
lished data on incidence of HPV,17 cervical intraepithelial 
lesions,18 and cancer among Colombian women,19 as 
well as with data on mortality from cervical cancer20 

and previously published models.21,22

Natural history and screening model 
assumptions

1. All women are 15 years old and HPV infection naive 
at admission.

2. All cases of cervical neoplasia occur in presence of 
high-risk HPV infection. Low-risk HPV infections 
do not progress to cervical cancer.23,24

3. HPV infection is age-dependent. 
4. Probabilities of regression/progression for HPV 

infection, as well as for low- and high-grade cer-
vical intraepithelial lesions (LSIL and HSIL) are 
age-dependent and related to HPV type.17,18,25

5. Women with LSIL do not receive treatment.
6. Once invasive cancer develops, the disease does 

not regress; women can remain in the same stage, 
progress to the next stage, or die from cancer or 
other causes.

7. Five years after treatment for cervical cancer with-
out relapse, the probability of death matches the 
general population risk.21

8. Coverage is defined as the likelihood of screening 
in the last year.

9. Follow-up is defined as the likelihood of being diag-
nosed and treated after a positive screening result.

10. All women with positive screening results (other 
than cancer) return after treatment to the screening 
program in the model.

11. Program-related and implementation costs were 
not considered.

 
Screening strategies

The strategies included were determined by a national 
Colombian panel of scientific advisors12 and correspond 
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to those considered to have the greatest feasibility for 
application based on scientific evidence and conditions 
that are unique to the Colombian health system: 

• Cytology at 1-1-3 intervals. Atypical squamous cells 
of uncertain significance (ASCUS) received HPV-
DNA testing (Hybrid Capture II). LSIL or more and 
HPV-positive women went to colposcopy. 

• Annual conventional cytology until three con-
secutive negative smears and every three years 
afterwards (1-1-1-3 interval). Management of LSIL 
or more and ASCUS as described for the 1-1-3 
interval.

• HPV-DNA testing (Hybrid-capture II) every three 
or five years (as independent strategies) followed 
by cytology in positive results. ASCUS or more 
went to colposcopy.

 Screening is based on a three-visit program (screen-
ing, diagnosis, and treatment). The age range for cytol-
ogy-based screening is 21 to 69 years and for HPV-DNA, 
30 to 69 years.

Clinical data

Data on natural history were taken from the Bogota 
cohort study,17,25 previous cost-effectiveness models,21,26 
and systematic reviews about the natural history of 
cervical cancer.18,27,28

 The performance of screening tests and the effec-
tiveness of treatment for HSIL were defined based on 
published literature.29-31 Number of years of life saved 
was used as an indicator of effectiveness for screening 
strategies. Cervical cancer mortality is a result of the 
model rather than an initial parameter, thus, reduction 
in mortality rates were not assumed a priori.
 The likelihood of mortality from causes other than 
cervical cancer is age-sensitive according to official data 
for Colombia.20 Probabilities for transition among states 
of natural history were adjusted annually.32 (Table I)

Cost data

The economic evaluation was from the payer’s perspec-
tive. Costs are based on a study by the National Cancer 

 Normal HPV-HR LSIL-HR HSIL Invasive cancer

     Local

 HPV-LR    Regional

     Metastatic

 LSIL-LR    Death from
     cervical cancer

Death from
other causes

FIGURE 1. NATURAL HISTORY OF CERVICAL CANCER

HPV denotes human papillomavirus infection. This status has two categories depending on HPV types: high (HR) or low-risk (LR) for cervical cancer. 
LSIL denotes low-grade intraepithelial lesion. This status has two categories depending on HPV type: HR or LR for cervical cancer.
HSIL denotes high-grade intraepithelial lesion 

Source: Own computations. National Cancer Institute, Colombia, 2007
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Annual incidence of high-risk HPV infection by age (years)* (17)
 15  0 0 0
 16  0.10 0.050 0.20 
 17  0.12 0.060 0.24 
 18  0.15 0.075 0.30 
 19  0.17 0.085 0.34 
 20  0.15 0.075 0.30 
 21  0.12 0.060 0.24 
 31  0.07 0.035 0.14 
 50  0.072 0.036 0.14 
 85  0.0004 0.0002 0.0008 

Annual incidence of low-risk HPV infection by age (years) (17)
 15  0 0 0 
 16  0.012 0.006 0.024 
 17  0.024 0.012 0.048 
 18  0.037 0.018 0.074 
 19  0.049 0.024 0.098 
 20  0.061 0.031 0.122 
 21  0.006 0.003 0.120 
 51  0.021 0.011 0.042 
 82  0.052 0.026 0.104 
 83  0.053 0.027 0.106 
 84  0.054 0.027 0.108 
 85  0.055 0.028 0.110 

Regression from low-risk HPV infection to healthy  (25)
 15-85 years 0.82 0.70 0.90 

Regression from high-risk HPV infection to healthy  (25)
 15-85 years 0.70 0.60 0.80 

Progression from high-risk HPV to LSIL    (21)
 15 – 85 years 0.072 0.053 0.112 

Progression from low-risk HPV to LSIL    (26)
 15 – 85 years 0.036 0.030 0.050 

Progression from high-risk HPV to HSIL **   (18,21)
 15 years 0.032 0.016 0.064 
 85 years 0.042 0.021 0.084 

Regression from LSIL to healthy**   (21,28)
 15 years 0.160 0.141 0.235 
 85 years 0.081 0.067 0.160 

Regression from LSIL to HPV**    (21)
 15 years 0.160 0.141 0.235 
 85 years 0.082 0.067 0.160 

Progression from LSIL to HSIL    (21,28)
 15 years 0.017 0.017 0.057 
 85 years 0.069 0.066 0.109 

Regression from HSIL to healthy    (21,28)
 15 – 85 years 0.069 0.058 0.109 

Regression from HSIL to HPV    (26)
 15 – 85 years 0.05 0.00 0.10 

Regression from HSIL to LSIL    (21)
 15 – 85 years 0.069 0.058 0.109 

Progression from HSIL to stage I cervical cancer‡  (18,21,23)
 15 years 0.010 0.005 0.020 
 30 years 0.020 0.010 0.040 
 85 years 0.005 0.025 0.097 

Progression cervical cancer    (26)
 Stage I to stage II cervical cancer   
  15 – 85 years 0.437 0.400 0.450 
 Stage II to stage III cervical cancer   
  15 – 85 years 0.535 0.500 0.550 
 Stage III to stage IV  cervical cancer   
  15 – 85 years 0.683 0.650 0.700 

Symptoms annual probabilities     (26)
 Stage I cancer 0.15 0.12 0.18 
 Stage II cancer 0.23 0.20 0.25 
 Stage III cancer 0.60 0.67 0.73 
 Stage IV cancer 0.90 0.87 0.93 

Survival     (21)
 Stage I cancer    
  1 year 0.967 0.85 0.99 
  2 year 0.952 0.83 0.97 
  3 year 0.954 0.83 0.97 
  4 year 0.976 0.85 0.99 
  5 year 0.976 0.85 0.99 

 Stage II cancer    
  1 year 0.907 0.78 0.92 
  2 year 0.876 0.75 0.89 
  3 year 0.922 0.80 0.94 
  4 year 0.933 0.81 0.95 
  5 year 0.960 0.84 0.98 

 Stage III cancer    
  1 year 0.707 0.58 0.72 
  2 year 0.739 0.61 0.75 
  3 year 0.861 0.74 0.88 
  4 year 0.923 0.80 0.94 
  5 year 0.914 0.79 0.93 

 Stage IV cancer    
  1 year 0.399 0.27 0.41 
  2 year 0.498 0.37 0.51 
  3 year 0.764 0.64 0.78 
  4 year 0.865 0.74 0.88 
  5 year 0.859 0.73 0.87 

Cytology ASCUS cut point    (29)
 Sensitivity 72.7 50.0 81.5 
 Specificity 91.9 90.2 93.6 

HPV-DNA testing    (29)
 Sensitivity 90 86.4 93.7 
 Specificity 86.5 83.1 89.8 

Colposcopy    (30)
 Sensitivity 87 24 90 
 Specificity 87 68 97 

LEEP efficacy 95 91 98 (31)

  Base Case Range Source   Base Case Range Source

Table I

MODEL VARIABLES FOR ECONOMIC EVALUATION. CERVICAL CANCER IN COLOMBIA, 2007

* Rates were turned into annual probabilities
‡ For data on transition probabilities by age category please consult the author
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Institute of Colombia,33 updated for 2007 (table II). We 
analyzed direct costs for various screening strategies, 
diagnostic procedures, treatment of HSIL (cold-knife 
conization), and treatment of cervical cancer (local, 
regional, and distant invasive cancer). Cancer treatment-
related costs include staff, surgical procedures, medical 
treatments, and treatment for complications. Diagnosis 
costs include those for false positive results. Estimations 
were based on a micro-costing technique.33

 Program-related costs were not included, except 
those for quality control such as second reading of Pap 
smears or additional kits for HPV-DNA testing.

Results
Cost-effectiveness of screening alternatives

Cervical cytology at a 1-1-1-3 interval reduced the 
lifetime risk of death from cervical cancer by 81%, cervi-
cal cytology at 1-1-3 by 79%, HPV-DNA testing every 
three years by 77%, and HPV-DNA testing every five 
years by 69%. Cervical cancer screening increases life 
expectancy from 2.9 to 3.5 months depending on the 
screening strategy.
 Without discount, the most costly and effective 
strategy was cervical cytology at a 1-1-1-3 interval and 

the least costly and least effective was HPV-DNA testing 
every five years (figure 2). Without discount, cytology 
at 1-1-3 intervals has extended dominance, which indi-
cates a greater ICER when transferring from HPV-DNA 
testing every three years to cytology at 1-1-3 intervals 
(USD$8,091) than for transferring from this regimen to 
cytology 1-1-1-3 (USD$7,444). 
 With discount, the least costly per year of life saved 
was HPV-DNA testing every five years (USD$44/YLS). 
HPV-DNA testing every three years has the highest 
lifetime cost (USD$367.6) and it is as effective as HPV-
DNA every five years. HPV-DNA screening dominates 
cytology-based screening (table III). 

Sensitivity analysis 

The results, without discount, were sensitive to costs, 
performance of screening tests, and diagnosis and treat-
ment costs for HSIL. However, when the parameters 
were modeled in a plausible range, only costs for HPV-

Table II

COSTS AND RANGES USED IN SENSITIVITY ANALYSES.
CERVICAL CANCER. NATIONAL CANCER INSTITUTE

IN COLOMBIA, 2007

                   Variable  Base, USD Range, USD

Cytology  6.34 5.90 12.67
HPV test 12.10 8.30 62.53
Colposcopy 45.61 42.46 91.22
Colposcopy + biopsy 135.95 126.54 271.89
Treatment for HSIL (LEEP) 223.68 208.21 1,285.81
Treatment for stage I cancer 2,950.50 2,746.43 5,901.00
Treatment for stage II cancer 3,745.50 3,486.44 7,205.20
Treatment for stage III cancer 3,745.50 3,486.44 7,205.20
Treatment for stage IV cancer 3,745.50 3,486.44 7,205.20
Follow-up for HSIL‡ 955.35 173.09 1,313.61
Follow-up for invasive cancer  1,623.42 1,511.14 2,435.13
Diagnosis verification for LSIL HSIL 231.52 215.51 389.63

* Costs are presented in US dollars (as of December 2006, US$1 equals 
$2,238.79 Colombian pesos)

‡ Follow-up strategies were: 1 visit every 4 months in 1 year, followed 
by 1 visit every 6 months during 5 years, followed by one annual visit 
during 10 years. The costs included are: evaluation by specialist in office 
visits, cytology in each visit, colposcopy in each visit, and biopsy in about 
5% of colposcopies

Source: FEDESALUD, update National Cancer Institute, Colombia, 2007

YLS, years of life saved; HPV, human papillomavirus; ICER, incremental cost-
effectiveness ratio. Strategies located on the efficiency curve dominate those 
located to right of the curve because they are more effective and/or cost 
less. The strategy with cervical cytology 1-1-3 is dominated by the other 
strategies due to a greater ICER than the next- best-strategy. The ICER is the 
reciprocal of the slope of the line connecting the two screening strategies 
under comparison

FIGURE 2. LIFETIME COST AND BENEFITS OF SCREENING FOR 
DIFFERENT STRATEGIES (NO DISCOUNT). CERVICAL CANCER. 
NATIONAL CANCER INSTITUTE IN COLOMBIA, 2007
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DNA testing and cytology sensitivity had an effect on 
the rank.
 Screening with HPV-DNA testing every five years 
is cost-effective if the cost per test is under USD$31; oth-
erwise the most cost-effective strategy is cytology 1-1-3. 
Furthermore, cytology-based strategies are dominated 
by HPV-DNA testing when the sensitivity is lower than 

57%. The results with discounted variables were robust 
in sensitivity analyses.
 Modeling the coverage from 25 to 100% does not 
affect the rank; however, a reduction in follow-up to 
under 30% resulted in HPV-DNA testing dominance 
over cytology (irrespective of the cytology interval). 
Additionally, a reduction of 50% in coverage with 100% 

Table III

COSTS, YEARS OF LIFE SAVED, COST-EFFECTIVENESS RATIOS, AND INCREMENTAL COST-EFFECTIVENESS RATIO FOR VARIOUS 
SCREENING STRATEGIES. CERVICAL CANCER. NATIONAL CANCER INSTITUTE IN COLOMBIA, 2007

 Mean lifetime Incremental Mean life time Mean gain in life C/E‡ ICER, US
Screening strategy cost, US$* costs, US $ xpectancy, years expectancy US $/YLS $/YLS§

A. No discounted variables

 No screening $ 223 – 53.09 –  $ 4 – 

 HPV every 5 years $ 491 $ 268 53.33 0.246 $ 9 $ 1,089 

 HPV every 3 years $ 581 $ 90 53.36 0.027 $ 11 $ 3,333

 Cervical cytology 1-1-3 $ 670 $ 89 53.37 0.011 $ 13 $8,091

 Cervical cytology 1-1-1-3 $ 715 $ 45 53.38 0.007 $ 13 $ 6,429

Strategies each compared with no screening

 No screening $ 223  – 53.09  – $ 4 –

 HPV every 5 years $ 491 $ 268 53.33 0.246 $ 9 $ 1,089#

 HPV every 3 years $ 581 $ 358 53.36 0.273 $ 11 $ 1,308#

 Cervical cytology 1-1-3 $ 670 $ 447 53.37 0.284 $ 13 $ 1,574#

 Cervical cytology 1-1-1-3 $ 715 $ 492 53.38 0.291 $ 13 $ 1,687#

B. Discounted variables&

 No screening $ 130.9 – 28.4 – $ 4.6 –

 HPV every 5 years $ 293.9 $ 163.0 32.1 3.7 $ 9.2 $ 44 

 Cervical cytology 1-1-3 $ 338.6 $ 44.7 28.5 -3.6 $ 11.9 (Dominated)

 Cervical cytology 1-1-1-3 $ 361.8 $ 67.9 28.6 -3.5 $ 12.7 (Dominated)

 HPV every 3 years $ 367.6 $ 73.7 32.11 0.01 $ 11.5 $ 7,370

 

Strategies each compared with no screening

 No screening $ 130.9 – 28.4 – $ 4.6 –

 HPV every 5 years $ 293.9 $ 163.0 32.1 3.7 $ 9.2 $ 44#

 Cervical cytology 1-1-3 $ 338.6 $ 207.7 28.5 0.1 $ 11.9 $ 2,077#

 Cervical cytology 1-1-1-3 $ 361.8 $ 230.9 28.6 0.2 $ 12.7 $ 1,154#

 HPV every 3 years $ 367.6 $ 236.7 32.11 3.71 $ 11.5 $ 64#

* Costs presented in USD (as of December 2006 USD$1 equals $2,238.79 Colombian pesos)
‡ Cost-effectiveness ratio (C/E) is defined as the cost of a specific strategy divided by its effectiveness
§ Incremental cost-effectiveness ratio (ICER) is defined as the additional cost of a specific strategy divided by its additional clinical benefits, as compared with 

the next-less-expensive strategy (division of differences)
# Cost per year of life saved (YLS) is defined as the additional cost (differences of costs) divided by additional effectiveness (differences in effectiveness) as 

compared with no screening
& Discounting rate 3%
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follow-up reduces the efficacy of screening from 5 to 
8% according to the screening strategy, but a reduction 
of 50% in follow-up with 100% coverage reduces the 
screening efficacy from 22 to 32 % (figure 3). 

Model validation

The natural history model revealed a bimodal age dis-
tribution for high-risk HPV infection, as is described 
for the source of data from a Colombian cohort of 
women.17

 Estimates from cross-sectional studies reveal a lag 
time between HPV infection and HSIL from 7 to 15 years, 
with a peak of HSIL around ages 25 to 30.18 Our model 
predicts an HSIL incidence of 600 per 100 000 with no 
screening, with peaks at ages 22 and 53. Data reported 
by population-based cancer registries show incidence 
peaks of HSIL around ages 22 to 30.18

 Our model predicts a 125 per 100 000 invasive 
cancer incidence at age 58, greater than that reported for 
the unscreened population in the United States in 1930 
(61/100 000 at 60), and similar to data from Germany 

No screening                   Cervical cytology 113                   Cervical cytology 1113                   HPV every 5 years                   HPV every 3 years
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FIGURE 3. EFFECT OF COVERAGE AND FOLLOW-UP ON EFFECTIVENESS OF SCREENING STRATEGIES FOR REDUCING MORTALITY FROM 
CERVICAL CANCER. NATIONAL CANCER INSTITUTE, COLOMBIA, 2007
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in 1960 (110/100 000).34 The Cancer Registry of Cali-
Colombia showed a 125.1 per 100 000 incidence at age 
60 between 1987 and 1991.19

 The model predicted a peak of 51 per 100 000 for 
cervical cancer mortality at age 60, similar to data by the 
Cancer Registry of Cali between 1989 and 1993 (58.8 per 
100 000).19

 Goldie et al developed a Markov model simulating 
the natural history of HPV infection for a hypothetical 
cohort of North American women which predicted a 
3.3% cervical cancer mortality with no screening, with 
an invasive cancer incidence peak of 67 per 100 000, and 
a prevalence peak of 7.1% for HSIL around ages 30 to 
40.22 Myers et al predicted in their HPV natural history 
model an incidence peak for invasive cancer of 81 per 
100 000 at age 50, and a prevalence peak of 2.6% for 
HSIL around age 40.21

 The risk of death predicted by our model was 1.8%, 
with an incidence peak for invasive cancer of 125 per 
100 000 at 58; and a prevalence peak for HSIL of 4% 
around age 30. Thus, the predictions in our model are 
similar to the abovementioned models; the differences 
may be related to history of high-risk HPV infections, 
since our data are from Colombian women while other 
models include data from North American women. 

Discussion
In an ideal scenario, cervical cancer mortality could be 
reduced by 69 to 81%. This finding simulates previous 
reports21 and confirms the effectiveness of cervical 
cancer screening.
 Only HPV-DNA testing every five years was cost-
effective (ICER USD$44.4/YLS based on per capita 
GDP). Previous studies evidenced greater costs for HPV 
testing compared to cytology.6,7,8,35 Our findings could 
be explained by the cytological triage for HPV-posi-
tive women,36 since this procedure could significantly 
reduce costs associated with false positives and differs 
in this respect with published models. Different onset 
of screening, increased screening intervals, and greater 
reproducibility of HPV testing are additional contribu-
tions to the estimated reduction in lifetime costs for 
HPV-DNA testing.
 Our study does not include program-related costs 
except those associated with quality control. It is not 
possible at the moment to clearly determine program-
related needs for HPV-testing; however, any alternative 
will require an organized program including personnel 
training, specimen or sample transportation, and follow-
up activities, among others; thus, we determine that the 
final effect of program-related costs other than screening 
tests must not be greater than the assessed alternatives. 

Nevertheless, given the fact that our results reflect on-
going strategies, the costs for implementing programs 
should be considered for decision-making because they 
may cost more than HPV testing.
 HPV-DNA testing was cost-effective, with costs per 
test lower than or equal to USD$31. Although prices for 
HPV tests are much higher today, a scenario of massive 
screening with this technology would allow for costs 
as used in the model. HPV-DNA testing has been as-
sociated with greater efficacy than cytology due to its 
greater sensitivity and reproductibility.11,37 We found a 
lower effectiveness for HPV screening every five years 
without discount but a lack of substantial differences 
in years of life saved compared to shorter intervals 
for the same test (every three years) and compared to 
cytological screening (figure 2). The difference may be 
attributable to the later onset for HPV-DNA screening in 
our model. Moreover, using an age-related differential 
sensitivity might lead HPV testing to render more sav-
ings in years of life due to its higher sensitivity in older 
women.38 
 We defined different onsets for screening strategies 
as recommended by the Colombian advisory panel.12 
The dominance of HPV testing with discounted rates 
should be carefully interpreted because the differ-
ences in the onset could represent a bias in favor of 
strategies introduced lately. Additionally, the extended 
dominance of cytology at 1-1-1-3 intervals over 1-1-3 
intervals cannot be understood as a direct comparison 
because this finding is based on the change from an 
initial HPV testing-based strategy; thus, comparing the 
two strategies directly may reveal different results.
 The Colombian advisory panel recommended 
screening strategies and screening intervals, consider-
ing alternatives with greater feasibility for application 
in the country. Although other studies have included 
more screening strategies such as liquid-base cytology 
or visual inspection, it is less likely that these alterna-
tives can be used extensively as the basis for cervical 
cancer screening in Colombia.39 Likewise, previous 
studies report promising results combining cytology and 
HPV-DNA tests,37 but recent publications show great 
benefits using HPV tests alone as the basis for screening, 
where cytology is an alternative to triage HPV-positive 
women as done in our model, and results in important 
savings.36

 Some reports have revealed an inverse ratio 
between number of visits, costs, and effectiveness,2,3 
which can also be interpreted in terms of program 
performance. Goldie et al have shown lower costs and 
greater effectiveness for strategies linking screening 
and treatment (reduced number of visits) in analyses in 
Peru.6,7 Additionally, an augment in lifetime screenings 
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systematically generates an increase in costs associated 
with a variable increase in effectiveness.6 These results 
may indicate the burden of follow-up on program-re-
lated costs and its impact on effectiveness.
 Comparing different strategies on the number of 
lifetime screenings is reasonable due to differences 
among possible scenarios for application, but despite 
the plausibility of reducing the number of visits,40 we 
restricted the alternatives in our study to those that 
would apply to current programs and evidence in or-
der to generate suitable recommendations for routine 
healthcare services. Our programs are based on a three-
visit strategy (screening, diagnosis, and treatment) and 
HPV-screening does not currently apply to a one-visit 
scenario.
 Nevertheless, we assessed the effect of follow-up 
on program performance directly and found that a low 
follow-up for abnormal screening results has a greater 
impact on mortality than low coverage. Despite the 
synergic action between coverage and follow-up, the 
latter is not greatly affected by reductions in coverage 
(figure 3). 
 In Latin America, screening programs have made 
great efforts to achieve high coverage without similar 
efforts on follow-up.41 This view may be motivated 
by reports on screening performance from developed 
countries.3 Our results indicate a need for a greater effort 
on adequate follow-up, in spite of the obvious need for 
both components. Such results may also be associated 
with reports indicating a better cost-effectiveness ratio 
for organized than for opportunistic programs,11 but 
it requires a better understanding of the needs of an 
organized program.
 Our analysis has several limitations. We combined 
data from various sources, different designs (cohort, 
clinical trials, population cancer registries, etc.), and 
different eligibility criteria for participating women. 
Additionally, these studies assessed results in short 
periods of time projected to long periods in our model. 
These limitations are due to the lack of country-specific 
information; nevertheless, this study is derived from 
a thorough review of the literature that encompasses 
recent results as to the benefits of screening tests for the 
natural history of infection. 
 This is the first analysis with primary data about the 
natural history of infection among Colombian women 
and is one of few studies developed in Latin America.6,10 
Previous studies include little information from Latin 
American countries and others combine analyses of 
HPV vaccines and different screening strategies. The 
information from our study could be more likely to be 
used in short-term policy design due to the feasibility of 
introducing the tests and strategies in the model, while 

the incorporation of vaccines in regular immunization 
programs could take more time. If HPV vaccination is 
considered, additional analyses are required given its 
impact on screening performance as well as differential 
costs and effectiveness for interactive strategies.
 An optimal cervical cancer screening policy needs 
to consider tests and screening alternatives as well as 
the effectiveness of different treatment options for pre-
cancerous lesions. The natural history model for cervi-
cal cancer must allow for a reasonable representation 
of heterogeneity among populations at risk and be able 
to incorporate data on accessibility, compliance, and 
feasibility with regard to a screening strategy. Clinical 
trials and cohort studies are not capable of incorporat-
ing all elements or assessing all possible strategies for 
all possible populations. These factors, along with the 
need for decision-making in a setting where informa-
tion is incomplete, make analytical models useful tools 
for public health5 if the scope and limitations provided 
are adequately understood, suggesting future research 
for additional screening tests (visual inspection, rapid 
HPV testing) or new programmatic alternatives (HPV 
testing at younger ages, screening and treatment ap-
proaches, etc.). 
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