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Abstract 
Objective. This paper describes the study design and base-
line characteristics of the study population, including the first 
30 829 women who enrolled in the Forwarding Research for 
Improved Detection and Access for Cervical Cancer Screen-
ing and Triage (FRIDA Study). This is a large population based 
study that is evaluating the performance and cost-effective-
ness of different triage strategies for high-risk HPV (hrHPV) 
positive women in Mexico. Materials and methods. The 
target population is more than 100 000 women aged 30 to 
64 years who attend the Cervical Cancer Screening Program 
in 100 health centers in the state of Tlaxcala, Mexico. Since 
August 2013, all women in the region have been invited to 
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Resumen
Objetivo. El objetivo de este artículo es describir el 
diseño del estudio FRIDA y las características basales de 
las primeras 30 829 mujeres tamizadas. El estudio FRIDA 
(Forwarding Research for Improved Detection and Access 
for Cervical Cancer Screening and Triage) es un estudio de 
demostración con base poblacional diseñado para evaluar el 
desempeño y costo-efectividad de diferentes alternativas de 
triage en mujeres VPH de alto riesgo (VPHar) positivas bajo 
condiciones reales de un programa de tamizaje para cáncer 
cervical en México. Material y métodos. La población 
objetivo la conforman poco más de 100 000 mujeres de 30 
a 64 años que asisten al programa de detección oportuna 
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Although human papillomavirus (HPV) vaccina-
tion is the current primary prevention method 

for cervical cancer, the impact of vaccination will not 
be observed for another two to three decades. Conse-
quently, secondary prevention must be strengthened, 
particularly in developing nations where cervical cancer 
is among the leading causes of cancer-related mortality 
for women.1,2 New technological advances have the 
potential to increase the effectiveness of programs for 
the secondary prevention of cancer. These new tools 
include the detection of high-risk HPV types (hrHPV).3 
Transient hrHPV infections are, however, very common, 
and only a small proportion persist and lead to the de-
velopment of cervical neoplasia.4-6 As a result, a high 
proportion of hrHPV-positive women do not require 
colposcopy. Therefore, the introduction of hrHPV-based 
screening is forcing public health planners to seek triage 
alternatives for hrHPV-positive women.7 Various triage 
alternatives may help identify those women requiring 
further diagnostic testing and confirmation. To date, 
there is no consensus on the most efficient and reliable 
triage strategy for hrHPV-positive women.3,8-10 These 
different triage methods must be further evaluated to 

determine which is most cost-effective in settings such 
as Mexico. There are various testing strategies that show 
great promise as potential triage tests, which could be 
performed on a single cervical sample. These strategies 
include: a) hrHPV genotyping for HPV16/18 given that 
70% of cervical lesions are attributable to these two 
types. Together HPV16 and HPV18 along with HPV45 
account for 75% of squamous cell carcinoma cases and 
94% of adenocarcinomas;11 b) expression of the onco-
protein E6 as a marker of neoplastic progression;12 c) 
cytology for the detection of morphological changes; d) 
immunocytochemistry for the detection of markers of 
neoplastic progression like p16INK4a/Ki67, a test with 
high specificity in the diagnosis of cervical intraepi-
thelial neoplasia of grade 2 or higher (CIN2+).13,14 The 
available triage testing alternatives may help identify 
women who require further diagnostic testing and con-
firmation, cause less anxiety, and help to avoid unneces-
sary treatment and expenses in women who have a low 
risk of progressing to cancer.1,15,16 In addition, beyond 
screening and triage, there is no agreement regarding the 
best method for the diagnostic confirmation of hrHPV-
positive women. Recent studies have documented that 

enroll in the study. The study participants are evaluated to 
determine hrHPV infection using the Cobas 4800 HPV test. 
The HPV-16/18 genotyping and cytology triage strategies are 
performed as reflex tests in all hrHPV-positive participants. 
Women with a positive HPV-16/18 test and/or abnormal cy-
tology (atypical squamous cells of undetermined significance 
or worse, ASCUS+) are referred for colposcopy evaluation, 
where a minimum of four biopsies and an endocervical 
sample are systematically collected. Histologic confirmation 
is performed by a standardized panel of pathologists. Re-
sults. Among the 30 829 women who have been screened, 
the overall prevalence of hrHPV is 11.0%. The overall preva-
lence of HPV16 and HPV18 are 1.5% and 0.7%, respectively. 
Cytological abnormalities (ASCUS+) were detected in 11.8% 
of the hrHPV-positive women. A total of 27.0% (920/3,401) 
of the hrHPV-positive women were referred to colposcopy 
because of a positive HPV16/18 test and/or abnormal reflex 
cytology, (31.6% had only ASCUS+, 53.6% were HPV16/18 
positive with a normal cytology result, and 9.5% were positive 
to both triage tests). Conclusion. The results of this study 
will help policy makers and health service providers establish 
the best practices for triage in cervical cancer screening in 
Mexico and other countries.

Keywords: DNA probes; HPV; mass screening; triage; cervical 
intraepithelial neoplasia; Mexico

de cáncer cervical en alguno de los 100 centros de salud de 
la jurisdicción sanitaria 1 de Tlaxcala. Desde agosto de 2013, 
todas las mujeres son invitadas al estudio. Las participantes del 
estudio son tamizadas para determinar la infección con VPHar 
mediante la prueba VPHar Cobas 4800. Se realizan las pruebas 
de triage de tipificación de VPH16/18 y citología en todas las 
mujeres con resultados VPHar positivos. Las mujeres con un 
resultado positivo a VPH16/18 y/o citología anormal (células 
escamosas atípicas de resultado incierto o peor: ASCUS+) son 
referidas a evaluación colposcópica, seguida de una colección 
sistemática de un mínimo de cuatro biopsias cervicales y un 
cepillado endocervical. La confirmación histológica se lleva 
a cabo por un panel de patólogos.  Resultados. Un total 
de 30 829 mujeres han sido tamizadas, con una prevalencia 
de VPHar del 11.0%. La prevalencia global de VPH16 y VPH18 
es 1.5% y 0.7%, respectivamente. Se detectó un 11.8% de 
anormalidades citológicas (ASCUS+). Entre las mujeres 
VPHar positivas, la prevalencia de un resultado de triage po-
sitivo (VPH16/18 o citología anormal) fue 27.0%, distribuido 
de la siguiente forma, 31.6% de éstos fueron sólo ASCUS+ 
VPH16/18 negativo, 53.6% fueron VPH 16/18 positivos y 
citología normal, y 9.5% positivos a ambas pruebas de triage. 
Conclusión. Los resultados de este estudio ayudarán tanto 
a los tomadores de decisiones como a los proveedores de 
servicios de salud a establecer la mejor estrategia de triage en 
programas de tamizaje de cáncer cervical basados en VPHar 
en México y en otros países.

Palabras clave: sondas de ADN; VPH; tamizaje masivo; triage; 
neoplasia intraepitelial cervical; México
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colposcopy has poor sensitivity and poses logistical 
difficulties, particularly in low-resource settings.17,18 
	 To formally address these issues, a large popula-
tion-based study called the Forwarding Research for 
Improved Detection and Access for Cervical Cancer 
Screening and Triage (FRIDA Study) was initiated. This 
project seeks to determine the most effective screening 
and triage program to reduce the number of patient vis-
its, costs, and patient anxiety associated with screening. 
A formal cost-effectiveness evaluation will be conducted 
for the various screening and triage methods. 
	 The target population for this study is over 100 000 
women aged 30 to 64 years who use the health services 
of Sanitary Jurisdiction No. 1 in the state of Tlaxcala, 
Mexico. This is the first population-based study to 
be conducted under real conditions to determine the 
performance of a cervical cancer screening program. 
Although certain aspects of the study may be site-
specific, the results of this analysis will help to guide 
the development of cervical cancer screening programs 
in developing countries such as Mexico.
	 This article describes the study design and meth-
odology of all the FRIDA Study activities: recruitment, 
hrHPV testing and triage procedures, colposcopy and 
histological evaluations, case management and qual-
ity control measures. This manuscript also reports the 
baseline characteristics of the first 30 829 women who 
enrolled in the study.

Materials and methods
FRIDA Study objectives

The main study objective is to evaluate the performance 
and cost-effectiveness of different triage tests to detect 
cervical intraepithelial neoplasia of grade 2 or higher 
(CIN2+) in hrHPV-positive women between 30 and 64 
years of age (figure 1). 
	 A second objective is to compare the performance 
of different tests for hrHPV detection with self-collected 
and clinician collected samples: the Cobas 4800 System 
[Roche Molecular Diagnostics, Pleasanton, CA, USA], 
and the BD Onclarity HPV Assay [Becton, Dickinson 
and Company (BD) Diagnostics, Sparks, MD, USA]. 

Study population 

This is an ongoing population-based study targeting all 
women ages 30 to 64 years who reside in any of the 32 
municipalities in Tlaxcala State that are covered by the 
Sanitary Jurisdiction No. 1 of Tlaxcala Health Services. 
This includes 100 primary health care centers that of-
fer cervical cancer screening services. Trained staff at 

the health care facilities involved in this study verify 
that the women who are invited to participate meet 
the study inclusion criteria: aged 30 to 64 and users of 
the health services of the Sanitary Jurisdiction No. 1 of 
Tlaxcala. Women who are pregnant at recruitment or 
have had a hysterectomy are excluded from the study. 
Legally disabled women who are unable to give verbal 
informed consent as required by the study protocol are 
also excluded from participating.
	 The study was approved by the Institutional 
Review Boards (IRBs) of the participating institu-
tions: National Public Health Institute (INSP) [1094]; 
Tlaxcala State Ministry of Health (SSET) [SS.DECI-
OI-13/12]; and IMSS [R-2013-785-070]; as well as the 
Mexican regulatory agency COFEPRIS [CAS/OR/01/
CAS/123300410C0044-3578/2012]. The FRIDA Study is 
registered in ClinicalTrials.gov, number NCT02510027.
	 The state of Tlaxcala is located in Central Mexico, 
approximately 120 km east of Mexico City. Tlaxcala is 
the smallest state in Mexico and encompasses approxi-
mately 1.0% of the national population. Tlaxcala has 
60 municipalities and a population of 604 161 females, 
which accounts for 51.6% of the total population. Ac-
cording to the 2010 census, 20% of the population lives 
in rural locations.19 Illiteracy is relatively low (5%), 
half of the population lives in poverty, and 10% of the 
state’s population lives in extreme poverty. Tlaxcala has 
a stable population, with a net migration rate of only 
1.2%.20 The Tlaxcala State Health Service is divided into 
three administrative districts or Sanitary Jurisdictions. 
This study is being performed within the Sanitary 
Jurisdiction No. 1, which includes 32 of Tlaxcala’s 60 
municipalities.
	 Within Sanitary Jurisdiction No. 1, the target 
population for the hrHPV testing-based Cervical Cancer 
Screening Program is over 100 000 women between the 
ages of 30 and 64. We anticipate enrolling approximately 
80 000 women to achieve a coverage rate of 80%.

Sanitary Jurisdiction No. 1 health services 
infrastructure 

This study will include all of the cervical cancer preven-
tion programs of the different health institutions in our 
target jurisdiction. For logistical reasons, we will gradu-
ally incorporate the different health institutions across 
the jurisdiction. We have started recruitment within 
the Tlaxcala Health Services (THS) system. THS serves 
women insured by the Seguro Popular, a federally-run, 
safety-net insurance provider. Seguro Popular covers 
close to 80% of the target population. After the program 
is fully implemented within the THS, we will begin to 
incorporate the remaining health care institutions of our 
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target jurisdiction, including the Mexican Social Security 
Institute (IMSS) and the Institute of Social Security and 
Services for Government Workers (ISSSTE). At the time 
of this manuscript was written, we were only enrolling 
women with Seguro Popular insurance.
	 The Sanitary Jurisdiction No. 1 of THS has approxi-
mately 100 primary health care facilities where cervical 
cancer screening is offered. Primary health care services 
are provided by a medical-staff-unit that consists of one 
doctor, two nurses and some health promoters. This 
primary unit is responsible for preventive and primary 
health care activities. In Tlaxcala, the cervical cancer 
screening services have the necessary infrastructure, 
human resources and materials required to conduct the 
FRIDA Study protocol, with the exception of an HPV 
laboratory. Cervical samples for HPV testing are pro-
cessed at the HPV laboratory of the INSP in Morelos state. 
	 All nurses and physicians at the 100 THS facilities 
offering cervical cancer screening services were trained 
before the beginning of the study. During the training 
process, study group members visited the field sites to 
explain the study design, recruitment strategies, and 
procedures for the verbal consent process. The study 
group members trained the participating nurses and 
clinicians to collect proper cervical samples (for cytology 
as well as hrHPV testing), label and manage the samples, 
and complete the screening formats and report results. A 
supervision process was established at the beginning of 
the study to ensure the quality of recruitment procedures, 
as well as proper cervical sample collection methods.
	 All cytology procedures are centralized at the 
Tlaxcala State cytology laboratory at Laboratorio Estatal 
de Salud Pública de Tlaxcala (LESP). This laboratory 
receives all cervical cytology specimens from the THS 
in the entire state. All staff members have been trained 
and certified for liquid-based cytology interpretation.
	 Women requiring colposcopic evaluation are re-
ferred to two colposcopy clinics within the THS (at the 
Tlaxcala General Hospital and the Women’s Hospital in 
Tlaxcala). These clinics perform all colposcopic evalu-
ations for Sanitary Jurisdiction No. 1. Colposcopists 
received training by a group of senior colposcopists and 
medical oncologists who regularly visit the colposcopy 
clinic about every three months to ensure the qual-
ity control of colposcopic procedures. The pathology 
laboratory at Tlaxcala General Hospital examines all 
study samples as well as the histologic diagnosis of the 
gynecological and surgical specimens collected within 
the state. Histologic evaluation of all samples (biopsies 
and endocervical samples) is performed by a panel of 
three experienced pathologists (certified by the Consejo 
Mexicano de Anatomopatólogos A.C.). Women diag-
nosed with invasive cervical cancer are referred to the 

National Cancer Institute in Mexico City for manage-
ment and treatment.

Recruitment

The recruitment period started in August 2013 and is 
expected to continue until the first trimester of 2017. As 
part of the regular care offered by the Tlaxcala cervical 
cancer screening program, all women attending any 
of the 100 THS health care centers are informed about 
the study and invited to participate. The potential par-
ticipants receive an explanation of the benefits of the 
additional diagnostic resources offered as well as, the 
potential discomfort from the sample collection, as a 
result of participating in the FRIDA Study. Prior to be-
ginning any study activities, verbal consent is obtained 
by health personnel at the study sites and documented 
as part of the intake form for the screening program. 
During the recruitment visit, participants provide 
demographic data as well as obstetric and gynecologic 
history in a private office. The information provided by 
the participants is recorded on a pre-printed registra-
tion form that was developed for the FRIDA Study, in 
conjunction with the screening program in Tlaxcala. 
Exclusion criteria for the FRIDA Study are included on 
this form. The data from the registration forms is entered 
into a computer-based information system for the Cervi-
cal Cancer Screening Program in Tlaxcala (SICET). The 
information system is available through the internet, 
ensuring the accuracy of the data in real time. All hard 
copies are scanned and digital forms are stored for any 
audit procedure, if necessary. 

Cervical sample collection and 
management

Prior to sample collection, the screening registration 
forms and vials for transporting the cervical samples 
are labeled with a unique barcode corresponding to 
each participant. Trained physicians or nurses perform 
a pelvic exam and collect two cervical samples using 
a Cervex-Brush (Rovers). The first collected sample is 
placed in a vial containing the BD CytoRich preserva-
tive (BD Diagnostics, Burlington, NC), and the second 
sample is placed in a ThinPrep vial (Hologic, Inc., Bed-
ford, MA). Both samples are temporarily stored at room 
temperature at the health center until they are delivered 
to the HPV laboratory facilities. The ThinPrep vials are 
delivered on a weekly basis to the HPV laboratory at 
the INSP in Cuernavaca, Morelos, México, and stored 
at 2-8°C until hrHPV testing can be performed. The 
SurePath vials are delivered on a weekly basis to the 
cytology laboratory in Tlaxcala and stored at 2-8°C until 
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analysis. These samples are used for reflex cytology in 
women who test positive for hrHPV. For quality control, 
reflex cytology is also performed on a random sample 
of 2% of the hrHPV-negative specimens.

hrHPV testing

All laboratory procedures are performed at the INSP 
HPV laboratory, where the samples are processed in 

* Forwarding Research for Improved Detection and Access for cervical cancer screening and triage

Figure 1. Overview of study design for the primary objective. FRIDA Study,* Tlaxcala, Mexico, 
2013-onwards
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strict accordance with the manufacturer’s instructions. 
All cervical and/or vaginal specimens are tested for 
hrHPV using the Cobas 4800 HPV test (Roche Molecular 
Systems, Pleasanton, CA), a qualitative in vitro assay for 
the detection of 14 hrHPV types. This automated system 
simultaneously extracts cellular (including β-globin) 
and viral HPV DNA. The target DNA is then amplified 
by PCR using primers specific to HPV and β-globin. The 
PCR master mix contains primers and probes specific 
for 14 hrHPV genotypes: 16, 18, 31, 33, 35, 39, 45, 51, 
52, 56, 58, 59, 66, and 68. HPV16 and HPV18 are then 
identified individually.*

Triage procedures for clinical management

The following triage tests are performed as reflex testing 
on all participants with a positive hrHPV test.

1.	 HPV16/18 genotyping, Cobas 4800 HPV test (Roche 
Molecular Systems, Pleasanton, CA): This test iden-
tifies genotypes HPV16 and HPV18 individually.

2.	 Cytological triage (Papanicolaou stain) is performed 
on all hrHPV-positive specimens. The cytology 
sample is processed using the PrepStain System ac-
cording to the manufacturer’s instructions (TriPath 
Imaging, Inc., Burlington, NC, USA) at Laboratorio 
Estatal de Salud Pública de Tlaxcala. To produce 
the Papanicolaou-stained slides, an aliquot of 
centrifuged cell pellets is placed directly onto the 
PrepStain® instrument for automated processing.

	 Cytology interpretation is performed according to 
the Bethesda 2001 criteria.21,22 All slides are reviewed by 
two cytotechnicians who are blinded to the other’s in-
terpretation. Slides are randomly distributed among the 
cytotechnicians to balance the reading of each staining. 
If there is a disagreement between two readings, a cyto-
pathologist will be responsible for determining the final 
diagnosis. The cytopathologist also re-reads 5% of the 
normal slides and all of the atypical squamous cells of 
undetermined significance or worse (ASCUS+) slides as 
a means of quality control in compliance with the current 
Mexican Cervical Cancer Screening Program.23,24 Both 
the cytotechnicians and the cytopathologist are aware 
of the hrHPV status for all samples. Trained cytotechni-
cians work under the supervision of an experienced and 
certified cytopathologist. 

Interpretation of triage results

All women with a positive triage result for HPV16 or 
HPV18 or ASCUS+ are referred to colposcopy for fur-
ther evaluation and treatment, if necessary. All hrHPV-
positive but triage-negative women are re-screened 18 
months later for hrHPV. Those with negative hrHPV 
results at the 18 month re-screen will be re-evaluated in 
five years as part of the regular Cervical Cancer Screen-
ing Program.23,24 Alternatively, women who remain 
hrHPV-positive after 18 months undergo colposcopy.

Triage procedures for research purposes 
and not for clinical decision making:

1.	 HPV16/18/45 genotyping, BD Onclarity HPV 
Assay [BD Diagnostics, Sparks, MD, USA]: This 
assay amplifies an HPV DNA target by real-time 
PCR and identifies HPV types 16, 18, 31, 45, 51, 52, 
and 59 individually while concurrently detecting 
the other six hrHPV types in two pools (33, 56, 58, 
66) and (35, 39, 68).25

2.	 OncoE6 Cervical Test (ArborVita Corporation, 
Fremont, CA, USA): this is an immunochromato-
graphic test that uses a lateral flow format, based 
on detection of the HPV-E6 oncoprotein found in 
HPV16 and HPV18 infections from cervical samples 
collected in ThinPrep vial, using the same principle 
as previously described.12,26 Elevated E6 oncopro-
tein expression in HPV 16/18 infected cervical cells 
is required for epithelial cell transformation to oc-
cur, therefore the presence of E6 protein represents 
an attractive, disease-specific viral biomarker for 
cervical precancerous progression.

3.	 p16INK4a/ Ki-67 CINtec PLUS (REF. 9531 Roche 
mtm laboratories, Mannheim, Germany). This 
staining is processed from the residual pellet of 
the cytology preserved in 2 mL of SurePath Pre-
servative Fluid, according to the manufacturer’s 
instructions. The residual cell pellet is stored at 
2-8°C until future immunocytochemical staining. 
The interpretation of the biomarkers is performed 
according to manufacturer instructions.* 

Colposcopy

All women referred for colposcopic evaluation undergo 
a complete evaluation by a trained provider. The col-
poscopic findings are reported according to the 2011 

*	 Roche Molecular Systems. 2011. Cobas 4800 HPV Test, For in vitro 
diagnostic use: Package insert. Roche Molecular Systems, Pleasan-
ton, CA.

*	 Roche mtm laboratories AG. 2009. CINtec plus kit. For in vitro 
diagnostic use: Package insert. Instructions for use. Roche mtm 
laboratories AG, Germany.
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International Federation of Cervical Pathology and 
Colposcopy guidelines,27 and recorded in the colposcopy 
report form. The colposcopists are aware of all triage 
results as well as the complete medical background 
of each referred patient. The colposcopists are asked 
to document their clinical impression of each cervical 
quadrant using Reid’s Colposcopic Index. Before biopsy 
collection, endocervical sampling is performed using 
an Endocervex Brush. A biopsy is collected from each 
quadrant from the most abnormal, acetowhite area of the 
squamocolumnar junction (using baby Tischler cervical 
biopsy forceps).

Histological confirmation

Histological evaluation of all samples (biopsies and/or 
endocervical samples) is performed by a panel of three 
pathologists. The four biopsies are embedded in a single 
paraffin block. Two levels of the biopsies are sectioned 
and stained with hematoxylin & eosin (H&E). A pellet of 
the endocervical sample is created and treated as a cer-
vical biopsy. Two pathologists review all biopsy slides 
(and the cone biopsies from loop electrosurgical excision 
procedure (LEEP) of the women who have CIN2+, as 
described below) and report the diagnosis according 
to Mexico’s Cervical Cancer Screening Program’s cri-
teria (table I). If the diagnoses of the two pathologists 
agree, that is the final diagnosis. If the diagnoses are 
discordant, an additional interpretation is made by a 
third pathologist.
	 As a part of the study protocol, an immunohis-
tochemistry assay is performed for the qualitative 

detection of the p16INK4a antigen on formalin-fixed, 
paraffin-embedded tissue sections prepared from the 
cervical biopsies. Two sets of slides are prepared and 
read by the same two pathologists: one for H&E staining 
and another for CINtec histology (CINtec Histology Kit, 
Roche mtm laboratories AG). The interpretation of the 
H&E-stained slides is performed by the same pathology 
panel, who are blinded to the first interpretation. The 
results of the CINtec histology preparation are not used 
for case management.

Case management and follow-up

The participants receive appropriate treatment based on 
their histologic results. A loop electrosurgical excision 
procedure (LEEP) is performed if the histologic results 
confirm CIN2/3. If positive margins are noted, a repeat 
LEEP is performed. All women treated with LEEP and 
found to have negative margins are scheduled for repeat 
hrHPV testing and cytology after six months. If hrHPV 
infection or cytological abnormalities are still present, 
they are referred for a new colposcopy. Participants who 
test negative for hrHPV and have a normal cytological 
evaluation undergo hrHPV testing 18 months after 
treatment. If they are still negative for both tests at 18 
months, they are not tested again for hrHPV for another 
five years. By contrast, those with abnormal cytology or 
a positive hrHPV test undergo colposcopy.
	 Women diagnosed with cancer are referred to a 
tertiary care hospital, the National Cancer Institute in 
Mexico City, where they are managed according to the 
current medical standard of care.
	 All participants with histology-confirmed CIN1/
normal are re-screened using hrHPV testing after 18 
months. If the participant is still positive, she is referred 
for colposcopy using the study algorithm for biopsy 
collection (figure 1). Participants who test negative for 
hrHPV after the 18 month screening are tested again in 
five years.
	 With a minimum anticipated sample size of 80 000 
participants, to the FRIDA Study will be able to evaluate 
the performance of different triage tests among a pre-
dicted 9 000 hrHPV-positive women with considerable 
precision; sensitivities of 60% may be estimated with 
95% confidence intervals of 58-65%, with a Beta of 80% 
and an alpha of 0.05.

Cost-effectiveness analysis 

A cost-effectiveness analysis (CEA) will be performed 
from the perspective of the following health care 
institutions in the city of Tlaxcala: IMSS, ISSSTE, Tlax-
cala Health Services (THS), and Tlaxcala-based private 

Table I
Histology diagnosis criteria for the FRIDA 

Study. Tlaxcala, Mexico, 2013-onwards

 
Endpoint

1. Insufficient or inadequate for diagnosis

2. Negative for intraepithelial neoplasia

Normal3.  Acute or chronic cervicitis 

4. Low-grade intraepithelial lesion (CIN1)

5. High-grade intraepithelial lesion (CIN 2)

CIN2+

6. High-grade intraepithelial lesion (CIN 3 or cancer in situ)

7. Micro-invasive squamous cell carcinoma 

8. Invasive squamous cell carcinoma 

9. Endocervical adenocarcinoma in situ

10. Invasive endocervical adenocarcinoma 

11. Invasive endometrial adenocarcinoma 

12. Sarcoma and other tumors
13. Unspecified malignant tumor  
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health services. The aim of this CEA is to determine the 
incremental costs and health outcomes of the various 
molecular and cytological triage tests as techniques 
for the detection of cervical cancer in hrHPV-positive 
women. These tests include the HPV-16/18 (Cobas 
4800), HPV-E6 oncoprotein (Arbor Vita), HPV16/18/45 
genotyping (BD Onclarity HPV Assay) and cytological 
triage (with and without immunostaining). The costs 
and health outcomes of using the individual HPV-based 
interventions will be compared to cytology. The costs 
associated with using the various triage strategies will 
be identified and quantified. The health outcomes as-
sociated with these triage strategies will be the number 
of CIN2+ cases detected. A decision tree model will be 
used to estimate the cost-effectiveness of the various 
triage strategies. The incremental benefit of performing 
multiple-quadrant biopsies relative to a (colposcopy-
guided) directed biopsy will also be assessed via a 
sensitivity analysis.

Secondary objective: Comparison of 
different hrHPV assays

To address the secondary objective of this study, a sub-
sample of 10 000 women will provide both a vaginal 
self-sample and a clinician-collected cervical sample 
(figure 2). The women first self-collect a vaginal sample 
for hrHPV testing at the healthcare facility, using the 
Rovers Viba-Brush (Rovers Medical Devices B.V., Oss, 
Netherlands).* Nurses instruct women how to prop-
erly collect the samples and provide brochures with 
illustrated instructions. These women then receive 
a pelvic exam during in which a clinician collects a 
cervical sample using the Cervex-Brush. The Rovers 
Viba-Brush and the Cervex-Brush (Rovers) are rinsed 
in ThinPrep medium (Hologic, Marlborough, MA) im-
mediately after sample collection. The samples are kept 
at room temperature until delivered on a weekly basis 
to the INSP HPV laboratory, where they are stored at 
2-8°C until analysis. Both the self-sample and clinican 
collected sample are tested simultaneously using two 
different hrHPV testing assays: the Cobas 4800 [Roche] 
as described above and the BD Onclarity HPV Assay 
[BD] as described above.
	 Participants with at least one positive hrHPV result 
are referred for colposcopic evaluation. For quality con-
trol purposes, a group of 300 women from the paired 
self-collected and clinician-collected samples group 

who test negative for hrHPV will also be referred for 
colposcopic evaluation. All detected CIN2+ lesions are 
treated accordingly. Women found to be free of disease 
are evaluated again using the same hrHPV assays (Co-
bas 4800and HPV Assay BD) and liquid-based cytology 
(SurePath [BD]) after 18 months. Participants who are 
positive for any of these tests are referred for colposcopy. 
All colposcopy and diagnosis confirmation activities are 
identical to the rest of the aforementioned FRIDA Study 
procedures. 

Results
Of the 31 629 women who were invited to participate 
in the Tlaxcala cervical cancer screening program by 
the end of August 2015, 1.5% (n=483) were excluded 
because they did not meet the study inclusion criteria 
for the following reasons: hysterectomy (n=465) and 
pregnancy (n=18). The participation rates were slightly 
higher among younger women (30-49 years old) than 
older women (50-64 years old). The mean age of the 
participants at the time of recruitment was 41.8 years 
(SD 8.4). The majority of participants reported having 
had one lifetime sexual partner and never having used 
condoms; nearly all have never smoked (table II).
	 A total of 30 829 cervical specimens were tested for 
hrHPV. The overall prevalence of hrHPV (14 types) was 
11.0%. The prevalence of hrHPV infection across age 
groups has a U-shaped distribution with two peaks of 
hrHPV prevalence, the first among women aged 30-39 
years and the second among women over the age of 50 
(table III). The hrHPV-negative women who had a cervi-
cal sample collected will be re-evaluated in five years as 
part of the regular Cervical Cancer Screening Program. 
For internal quality control purposes, 1% of the partici-
pants with a positive hrHPV result, independent of the 
triage result, are also directly referred for colposcopic 
evaluation. All remaining hrHPV-positive samples and 
a group of hrHPV-negative samples (2%) will be stored 
for future analysis.
	 To date, 3 401 participants with a positive hrHPV 
result have undergone triage procedures. The overall 
prevalence of HPV16 and HPV18 was 1.5% and 0.7%, 
respectively (table II). Similar to the aforementioned 
hrHPV pattern, both HPV16 and HPV18 exhibit a bi-
modal infection pattern with peaks among the youngest 
and oldest age groups (table II).
	 Among the hrHPV-positive women with avail-
able cytology results (n=3 158), 11.8% had an ASCUS+ 
result (table IV). Among the ASCUS+ women, 23.9% 
have high-grade squamous or glandular intraepithe-
lial lesion result (95/372). Among the hrHPV-positive 
women, the prevalence of at least one positive triage 

*	 Rovers Medical Devices B.V. 2006 Instructions for use for HPV 
self-sampling of the vagina/cervical. Rovers Viba-Brush [accessed 
on consulted 2013 February]. Available at: http://www.roversme-
dicaldevices.com/index.php?pagina_id=22
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positive to both triage tests (ASCUS+/HPV 16/18 
positive) (table V).
	 A total of 920 triage-positive women have been 
referred to colposcopy, 616 (67%) women have attended, 
and valid biopsy results are available for a total of 590 

Figure 2. Overview of study design for the secondary objective. Comparison of different hrHPV 
assays. FRIDA Study. Tlaxcala, Mexico, 2013-onwards

test (triage positive) was 27.0% (920/3401). Among the 
triage-positive women, more than half were positive 
for HPV16 and/or 18 but had a negative for intraepi-
thelial lesion or malignancy (NILM) cytology result 
(53.6%) and only 9.5% of triage positive women were 
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women. Of the 304 women who have not attended the 
colposcopy clinic, 17 declined to continue participation 
in the study, 27 moved away, and 50 were evaluated and 
treated at another medical institution. The remaining 209 
participants were scheduled for the first or second time 

(if they failed to attend the first time). In addition, nine 
women became pregnant and will be rescheduled after 
their deliveries. On average, it has taken approximately 
3 months from the time a participant receives a positive 
triage result until they receive colposcopic evaluation.

Table II
Sociodemographic and clinical characteristics of the FRIDA population (the first 30 829 

women screened) Tlaxcala, Mexico, 2013-onwards

Characteristics  
Age (years) Mean (SD)=41.8 (8.4)

Age groups (years) Distribution of target population, 
n=101 068 (%)

Distribution of screened women, 
n=30 829 (%)

30-39 42 044 (35.4) 14 214 (46.1)
40-49 31 521 (26.6) 10 578 (34.3)
50-59 20 665 (17.4) 4 984 (16.2)
60-64 6 838 (5.8) 1 053 (3.4)

Marital status
Single, n (%) 1 867 (6.1)
Married/Cohabitating, n (%) 24 452 (88.6)
Divorced/separated/widowed, n (%) 1 387 (5.0)
No response 101 (0.3)

Age of sexual debut, y Mean(SD)=19.2 (4.0)
17 or before, n (%) 11 221 (36.4)
≥18, n (%) 19 591 (63.6)

No. of lifetime sexual partners Mean (SD)=1.5 (2.5)
1, n (%) 21 960 (71.2)
2-3, n (%) 7 856 (25.5)
4+, n (%) 994 (3.2)

Parity Mean (SD)=3.7 (2.0)
0, n (%) 728 (2.4)
1-3, n (%) 16 051 (52.1)
4+, n (%) 14 009 (45.4)

Use of contraceptives
      Current IUD Use, n (%) 10 170 (30.0)

      Condom use
Almost always/ always, n (%) 4 493 (14.6)
Never, n (%) 25 557 (82.9)
no response 779(2.5)

      History of hormonal contraception
24 months or less, n (%) 3 664 (11.9)
>24 months 2 714 (8.8)
Never, n (%) 24 368 (79.0)

      Smoking 
Currently, n (%) 628 (2.0)
Former smoker, n (%) 336 (1.1)

  Never, n (%) 29 238 (94.8)
missing 627 (2.03)
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Discussion
FRIDA is an ongoing population-based demonstration 
study that was designed to assess the performance and 
cost-effectiveness of different tests to triage hrHPV-
positive women within the Cervical Cancer Screening 
Program in Mexico. This paper provides an extensive 

account of the methodology and initial enrollment ac-
tivities of the FRIDA Study.
	 The high sensitivity of the hrHPV test, if used as a 
primary screening test is offset by a higher proportion of 
false-positive results for women with transient hrHPV 
infections. Our study seeks to evaluate different triage 
alternatives to better manage women with hrHPV infec-

Table III
hrHPV results and type-specific prevalence by age group among

the 30 829 women in the FRIDA Study. Tlaxcala, Mexico, 2013-onwards

Total Age groups

30-39 40-49 50-59 60-64 

N=14 214 N= 10 578 N=4 984 N=1 053

n  (%) n % n % n % n %

hrHPV screening (n=30 829)
      hrHPV-positive 3 401 11.0 1 780 18.1 968 13.4 534 16.0 119 13.9
      HPV16-positive 463 1.5 275 2.8 123 1.7 50 1.5 15 1.8
      HPV18-positive 202 0.7 114 1.2 54 0.7 25 0.7 9 1.1

Multiple infections
      HPV16+ and HPV18+ 24 0.08 13 0.1 8 0.1 3 0.1 0 0
      HPV16+ and other hrHPV types+ 153 0.5 96 1.0 29 0.4 23 0.7 5 0.6
      HPV18+ and other hrHPV types+ 63 0.2 33 0.3 16 0.2 9 0.3 5 0.6
      HPV16, HPV18 and other hrHPV types+ 12 0.04 6 0.06 4 0.1 1 0.0 1 0.1

Table IV
Cytological triage results among hrHPV-positive women.

FRIDA Study. Tlaxcala, Mexico, 2013-onwards

Age groups (years)

Total
n=3 158*

30-39 y
N=1 643

40-49 y
N=906

50-59 y
N=497

60-64 y
N=112

n % n % n % n % n %

Cytology result
      NILM 2 774 87.8 1 430 87.0 784 86.5 456 91.8 104 92.9
      ASCUS+ 372 11.8 205 12.5 118 13.0 41 8.2 8 7.1
      Inadequate 12 0.4 8 0.5 4 0.4 0 0 0 0

Summary of cytological abnormalities (ASCUS+) n=372
      ASCUS 71 2.1 39 2.4 22 2.4 8 1.6 2 1.8
      LSIL 206 6.1 124 7.5 60 6.6 18 3.6 4 3.6
      HSIL/ moderate dysplasia /CIN2 65 1.9 30 1.8 22 2.4 12 2.4 1 0.9
      HSIL/ severe dysplasia /CIN3 16 0.5 7 0.4 7 0.8 2 0.4 0 0.0
      Squamous cell carcinoma 5 0.2 0 0.0 3 0.3 1 0.2 1 0.9
      AGUS 8 0.3 4 0.2 4 0.4 0 0.0 0 0.0
      Adenocarcinoma 1 0.03 1 0.1 0 0.0 0 0.0 0 0.0

*From the 3 401 hrHPV-positive women, cytology results are available for only 3 158. Results are pending for 243 hrHPV-positive women.

Abbreviations: NILM= negative for intraepithelial lesion or malignancy;  ASCUS= atypical squamous cells of undetermined significance; CIN=cervical intraepi-
thelial neoplasia,  AGUS=atypical glandular cells of undetermined significance
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tions by helping to reduce the number of clinic visits, 
remove unnecessary steps in the diagnostic confirmation 
process, and reduce program costs.
	 The overall baseline prevalence of hrHPV (using the 
Cobas 4800 PCR methodology for primary hrHPV-based 
screening hrHPV) to date is 11.0%, which is consistent 
with previous studies in Mexican women screened for 
hrHPV.28-31,*
	 One of the main strengths of the FRIDA Study will 
be the head-to head comparison of triage strategies 
in a population-based hrHPV screening program, in 
which all women who test hrHPV-positive receive all 
triage tests. There is no other study that has evaluated 
triage strategies in an HPV-based screening program 
in real-life conditions. While the HPV ATHENA study 
was the first to explore different triage methods by 
incorporating HPV cytology screening algorithms as 
well as genotyping, the results of the ATHENA trial are 
representative of women undergoing cervical cancer 
screening in the United States, where the epidemiologi-
cal pattern of HPV is different than in Mexico.3,7 For 
example, in Latin American countries, the prevalence of 
hrHPV is greater among the older age groups, relative 
to that in North America, and this pattern is observed 
not only for the hrHPV types overall but also for the 
HPV-16/18 types.32-34

	 To cater to the specific needs of the Mexican popula-
tion, this study has lowered the age of HPV screening 
to age 30 instead of 35. This extension of screening may 
help to reduce the burden of cervical disease in women 
aged 30 to 35 years, compared to cytology screening 
alone, as suggested in previous studies.3,35

	 We furthermore seek to improve upon the current 
cytologic screening methods. We are using monolayer 

cytology and an automated process to ensure quality 
control of the cytological material and eliminate residues 
(blood, mucus) that hinder reading. This advantage may 
help to improve the limitations of conventional cytology 
in countries such as Mexico.36

	 Recent studies have documented that colposcopy 
has a poor rate of disease detection because 30% of le-
sions are not visible during colposcopy even by highly 
experienced colposcopists. In addition, Mexican provid-
ers traditionally have a very low rate of biopsy collec-
tion, due to a lack of skill (this may vary depending on 
experience and practice). As a result, colposcopists are 
unable to recognize the lesions that are not clinically 
visible.28 Therefore, instead of using directed biopsies, 
we are collecting biopsies systematically by quadrant. 
Several studies support this decision by showing that 
the sensitivity of colposcopy could be improved by 
collecting more than one biopsy. These studies report 
an improvement in detection of CIN2+ with increased 
by biopsy collection can be increased by as much as 
37%.18,37-39 The involvement of colposcopists in the 
systematic collection of biopsies will be an important 
step to ensure the detection of CIN2 + cases that require 
prompt treatment. The FRIDA Study will also document 
the benefit of adopting a systematic collection of cervical 
biopsies as routine colposcopy practice.
	 We realize that the Tlaxcala population may not 
represent all women in Mexico; however, the results of 
the performances and cost-effectiveness analysis may 
be very informative for other states in Mexico. The 
FRIDA Study results may be applicable to urban and 
semi-urban areas in the country, representing close to 
70% of the population in Mexico.
	 The enrollment phase of this study has gener-
ated important information on the prevalence of HPV 
infection and the various stages of cervical cytological 
abnormalities in Tlaxcala, Mexico. The sensitivity and 
specificity of the different triage strategies and the 
cost-effectiveness evaluation will be reported in future 
publications.
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