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abstract

In 2018, there were approximately 570,000 new cases of cervical cancer worldwide. More than 85% of cases
occurred in low- and middle-income countries (LMICs), primarily because of poor access to screening and a
limited number of medical providers trained to diagnose and treat cervical precancerous lesions. Our objective
was to provide locally arranged, hands-on training courses for medical providers in LMICs to learn to perform
cervical cancer screening, diagnosis, and treatment procedures. The courses included didactic lectures and
hands-on training stations using low-cost simulation models developed by bioengineers and students at Rice
University in Houston, TX, United States, and the Malawi Polytechnic in Blantyre, Malawi. The hands-on training
stations included visual inspection with acetic acid (VIA), colposcopy, cervical biopsy, endocervical curettage,
loop electrosurgical excision procedure (LEEP), and thermal ablation. Provider pre- and postcourse confidence
levels in performing the procedures were evaluated. From February 2017 to January 2020, we arranged 15
hands-on training courses in seven cities across six countries (El Salvador, Mozambique, Trinidad and Tobago,
Lesotho, Malawi, and Nepal). Overall, there were 506 participants. The average number of participants per
course was 38 (range 19-92). The participants included doctors, nurses, and midwives. The course duration
varied from 1 to 3 days. Increased confidence in performing VIA, colposcopy and cervical biopsy, ablation, and
LEEP was reported by 69%, 71%, 61%, and 76% of participants, respectively. Our findings suggest that locally
arranged, hands-on cervical cancer prevention training courses in LMICs can improve provider confidence in
performing cervical cancer screening, diagnosis, and treatment procedures. These courses are part of a larger
strategy to build local capacity for delivering and improving cervical cancer prevention services in LMICs.
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BACKGROUND

Despite the availability of a prophylactic vaccine against
the human papillomavirus (HPV) and effective screen-
ing methods to detect preinvasive disease, cervical
cancer still ranks as the fourth most common cancer
and one of the leading causes of cancer death among
womenworldwide. There were an estimated of 604,127
new cases and 341,831 deaths in 2018.1 More than
85% of these cases occur in low- and middle-income
countries (LMICs), where cervical cancer is frequently
the leading cause of cancer among women and the
death rate is up to 18 times higher compared with more
developed countries.2 The global disparities in the in-
cidence of and mortality from cervical cancer are due in
part to a lack of organized and effective screening and
prevention programs. The regions in the world with
highest cervical cancer incidence rates are sub-
Saharan Africa, Micronesia and Melanesia, South-
eastern Asia, South America, and Caribbean.1

In May 2018, theWHODirector-General made a global
call for action toward the elimination of cervical cancer

as a public health problem and it was enhanced to
accelerate this initiative in November 2020.3 The
initiative includes three targets to be met by 2030: (1)
90% of girls to be fully vaccinated with HPV vaccine by
age 15 years; (2) 70% of women to be screened with a
HPV or other high-performance test at age 35 years
and age 45 years; and (3) 90% of women with
identified cervical lesions receive appropriate treat-
ment. The third target can be challenging to achieve in
LMICs because of lack of resources and required
equipment to deliver treatment and a limited number
of medical providers trained to diagnose and treat
cervical precancerous lesions and invasive cancer.4

Clinical capacity is an issue in many low-resource
areas. There is a significant shortage of specialists
such as gynecologists, colposcopists, pathologists,
and oncologists. In addition, there may be limited
availability and access to effective screening programs
and limited awareness of cervical cancer among
community and health care workers. These shortages
can be coupled with a lack of trained providers,
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equipment, and treatment facilities.5 As a result, effective
screening services may be unavailable, leading to patients
presenting with advanced-stage cervical cancer when
there are limited options for treatment in LMICs.

Our objective was to create a training and mentoring
program to build local capacity to provide effective cervical
cancer screening, diagnosis, and treatment services. We
implemented locally held, hands-on training courses to
teach medical providers the necessary procedures for
cervical cancer screening, diagnosis, and treatment of
preinvasive cervical disease. In addition, we provided on-
going mentoring and support for local providers through
regular Project ECHO (Extension for Community Healthcare
Outcomes) videoconferences.6

COURSE DEVELOPMENT

Specialists from The University of Texas MD Anderson
Cancer Center (MD Anderson) worked in collaboration with
bioengineers from Rice University and international and
local partners to implement the program in 2016. The team
collaborated with ministries of health (MOH), medical
schools, hospitals, and nongovernmental organizations
(NGOs) in LMICs to understand the context of cervical
cancer, specific gaps in services, and the public health
situation in each region. The course content was specifi-
cally tailored to the needs and requests of colleagues in
each region. The courses were all held at the request and in
collaboration and partnership with local colleagues.

COURSE STRUCTURE AND CONTENT

The training curricula are based on the guidelines of the
WHO, the American Society for Colposcopy and Cervical
Pathology and the Johns Hopkins Program for International
Education in Gynecology and Obstetrics and ASCO-
stratified guidelines for low-resource settings. The MD
Anderson curriculum considers local resources and local
standards of care and is adapted appropriately for each
setting. The courses include didactic lectures and hands-
on training stations. The topics of didactic lectures include

an overview of cervical cancer, screening guidelines, HPV
vaccination, colposcopy and visual inspection with acetic
acid (VIA), low-grade and high-grade cervical dysplasia
diagnosis and management, loop electrosurgical excision
procedure (LEEP), and ablative therapies (cryotherapy and
thermal ablation). Specific course topics vary by the request
and need of each partnering site.

The courses are 1 to 3 days in duration and are free of
charge to all participants. The target audience includes
physicians, residents, nurses, and advance practice pro-
viders (nurse practitioners, physician assistants, nurse
midwives, or their local equivalents). The courses are de-
livered in the host country language and include trainers
and faculty from the region. Certificates of course com-
pletion are granted to all participants.

The hands-on portion of the course consists of four to five
different stations each with a duration of 30-50 minutes.
The stations provide hands-on practice for VIA, thermal
ablation, cryotherapy, colposcopy, cervical biopsy, endo-
cervical curettage (ECC), and LEEP. Bioengineers and
students from Rice University (Houston, TX) and Malawi
Polytechnic (Blantyre, Malawi) developed portable simu-
lation models for hands-on training known as the Low-cost
Universal Cervical Cancer Instructional Apparatus (LUCIA;
Fig 1).7 These low-cost trainingmodels provide the platform
for participants to practice the procedures required for
cervical cancer screening, diagnosis, and treatment before
performing them in the clinic. The LUCIA models mimic
precancerous lesions and help providers learn to identify
abnormalities. The specific stations are described below.

VIA

This hands-on training station is included in regions of the
world that use VIA as part of their cervical cancer screening
program. Three-dimensional cervical models designed to
represent different abnormalities are used. These models
are covered with temperature-sensitive paint that results in
a white lesion appearing with the application of hot water.
This mimics the appearance of an acetowhite cervical

CONTEXT

Key Objective
Our objective was to provide locally arranged, hands-on training courses for medical providers in low- and middle-income

countries on cervical cancer screening, diagnosis, and treatment procedures.
Knowledge Generated
From February 2017 to January 2020, we arranged 15 hands-on training courses across six countries (El Salvador,

Mozambique, Trinidad and Tobago, Lesotho, Malawi, and Nepal). The assessment of pre- and postcourse confidence
levels reported increased confidence in performing visual inspection with acetic acid, colposcopy and cervical biopsy,
ablation, and loop electrosurgical excision procedure by 69%, 71%, 61%, and 76% of participants, respectively.

Relevance
Our findings suggest that locally arranged, hands-on cervical cancer prevention training courses in low- and middle-income

countries can improve provider confidence in performing cervical cancer screening, diagnosis, and treatment procedures.
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lesion that appears when acetic acid is applied to the cervix
(Fig 2). In addition, participants view photographic images
of normal and abnormal findings on the cervix after the
application of acetic acid. With each image, the participants
are asked whether the lesion is suspicious for cancer,
whether the squamocolumnar junction and transformation
zone are fully visible, and to note the presence of any le-
sions. Each lesion is evaluated for eligibility for ablative
therapy versus LEEP.

Colposcopy

The participants practice using a standard (fixed) colpo-
scope and a mobile colposcope to view cervical models
placed in the LUCIA pelvic frame. The participants are
asked to identify the squamocolumnar junction, the
transformation zone, and any acetowhite lesions. They
learn to use the different colposcope settings such as the
optical zoom and the green filter to identify vascular
changes. They then practice performing cervical biopsies
and ECC on the LUCIA cervical models. Small black beads
are embedded into LUCIA models made from ballistic
gelatin to serve as targets for biopsy (Fig 3).

Ablation Therapy

The participants practice cryotherapy and/or thermal ab-
lation using the LUCIA models and/or chicken breast. The
LUCIA cryotherapy gel models are made from ballistic
gelatin, and the thermal ablation models (Fig 4) are made
from a combination of silicone rubber and thermochromic
paint. The LUCIA models and the chicken breast turn white
when ablated and return to normal color after a few min-
utes, simulating the procedure on the cervix.

LEEP

The instructors explain the LEEP machine functionality and
demonstrate the procedure. The participants then practice
performing a LEEP using cow tongue and/or the LUCIA
cervical ballistic gelatin models (Fig 5).

ADAPTATIONS

Ongoing Education

In Mozambique, the training courses are supplemented
with the Project ECHO Cervical Cancer Prevention tele-
mentoring program, which began in January 2019. It
consists of videoconferences, which are held monthly, in
Portuguese. Attendees include the local health care pro-
viders including gynecologists, nurses, and gynecologic
oncologists from MD Anderson Cancer Center and
Portuguese-speaking faculties at collaborating institutions
in Brazil and other countries. The local providers present
deidentified patient cases and, following a discussion,
receive feedback from colleagues and mentors. The ECHO
sessions last for 1 hour with 45 minutes of case presen-
tations and discussion and a 15-minute lecture on topics
relevant to the curriculum.6

Assessment

The hands-on training course participants were asked to
complete a self-evaluation of their confidence and ability to
perform the procedures including VIA, colposcopy with
cervical biopsy, LEEP, cryotherapy, and thermal ablation.
The scores are rated on a 5-point scale, with 5 being the
most confident and 1 being no confidence in performing
procedures.

FIG 1. Low-cost Universal Cervical Cancer
Instructional Apparatus pelvic model.
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Ethical Considerations

The study was approved by the institutional review board at
The University of Texas MD Anderson Cancer Center.

Achievements

From February 2016 to January 2020, 15 hands-on
training courses were held in seven cities across six
countries (El Salvador, Mozambique, Trinidad and Tobago,
Lesotho, Malawi, and Nepal8; Table 1). The average
number of participants per course was 38 (range 19-92)
and included gynecologists, general physicians, nurses,
and midwives. The course duration varied from 1 to 3 days.
Each course included a half or full day of didactic lectures
followed by hands-on training. In some courses, local
specialists received training, so they could then serve as
mentors for local colleagues to deliver the hands-on training
(train-the-trainer model). The majority of courses were

followed by 1 or 2 days of clinical practice where the
participants performed the procedures in the clinic under
the supportive supervision of the faculty. Half of all par-
ticipants in Mozambique attended the course more than
once to gain more experience and confidence.

Evaluation

We evaluated pre- and postcourse confidence levels in
doing procedures in five of the courses. Increased confi-
dence in performing VIA, colposcopy and cervical biopsy,
ablation, and LEEP was reported by 69%, 71%, 61%, and
76% of participants, respectively (Table 2).

Training Program Adaptation During COVID-19

Because of the COVID-19 travel restrictions and social
distancing requirements, all planned in-person courses
had to be canceled. We transitioned the course to combine

E

F

E

F

ACETOWHITE CHANGES
ACETOWHITE CHANGES

FIG 2. Three-dimensional cervical
models covered with temperature-
sensitive paint that mimics the appear-
ance of acetowhite cervical lesions when
hot water is applied.

FIG 3. Low-cost Universal Cervical Cancer
Instructional Apparatus cervical ballistic gel
models used to practice colposcopy and
cervical biopsy. Hands-on training courses
improved provider confidence in cervical
cancer screening, diagnostic, and treatment
in LMICs.
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the virtual platform for didactic lectures and small-group in-
person hands-on training. We started this platform in
Mozambique, where the local staff were previously trained
by the international faculty and worked together for many
years. Future courses are planned in more countries and
adapted to be more beneficial and practical.9

DISCUSSION

Our findings suggest that hands-on cervical cancer pre-
vention courses can increase provider confidence in per-
forming the required procedures for management of
women with abnormal cervical cancer screening tests.
These courses are part of a larger strategy to build local

capacity for cervical cancer screening, diagnosis, and
treatment in LMICs. Developing effective training courses
for enhancing knowledge and skill capacity in LMICs re-
mains a critical challenge and requires collaboration from
many sectors and on-going support and refresher training
to be impactful.

The participants included both doctors and nurses. Some
participants, particularly the nurses, had previously per-
formed VIA, but had never learned to perform a cervical
biopsy or LEEP. This may explain the difference in pre- and
postcourse confidence in performing cervical biopsy or
LEEP compared with procedures that they had previously
performed before the course such as VIA or ablation.

FIG 4. Silicone models to practice cervical
ablation therapy.

FIG 5. Low-cost Universal Cervical Cancer
Instructional Apparatus ballistic gel models
and cow tongue to practice loop electro-
surgical excision procedure.
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Repeated training and practice in surgical procedures is
essential for competency.10 In Mozambique, participants
attended the course repeatedly to achieve more experi-
ence and feel more confident. Simulation training is
valuable in building these skills before performing them in
the clinic.

We asked the participants to do a self-assessment on pre-
and postcourse confidence levels in doing procedures. We
used a self-assessment because it was more suitable for
our project and our participants, who were the local pro-
viders. The evaluation by self-assessment may not be as
objective and accurate as an observer assessment by ex-
perts. However, a previous study suggested that self-
assessment promoted a different and more powerful
view of the trainee.11 The benefits of self-assessment also

include increased provider morale and motivation, as well
as improvements in knowledge and performance.12

Partnerships in public health offer an opportunity to share
resources, experience, and knowledge across organiza-
tions. This initiative made an effort to strengthen the ca-
pacities of in-country partner institutions and hospitals. As
recommended by the WHO, building collaborations during
the planning phase for national cancer control program
planning is important in all income level countries.13,14

Partnerships are an essential foundation for success.
Partnerships at the international and local levels, such as
between governments, MOH, local hospitals, providers,
and private sectors in the country, are required to build
sustainable programs.15-17 Our hands-on training courses
along with the Project ECHO telementoring educational

TABLE 1. Summary of Hands-On Workshop
No. Date City Country No. of Participants Collaborating Organization

1 September 2016 Maputo Mozambique 28 MISAU, UEM, and HCM

2 May 2017 Maputo Mozambique 40 MISAU, UEM, and HCM

3 November 2017 Maputo Mozambique 26 MISAU, UEM, and HCM

4 December 2017 San Salvador El Salvador 60

5 April 2018 Beira Mozambique 19 MISAU, UEM, and HCB

6 July 2018 Port of Spain Trinidad and Tobago 32

7 July 2018 Maseru Lesotho 92 Forum of African First Ladies Against Breast and Cervical Cancer

8 October 2018 Blantyre Malawi 27 Queen Elizabeth Hospital

9 October 2018 Maputo Mozambique 39 MISAU, UEM, and HCM

10 July 2019 Maputo Mozambique 72 MISAU, UEM, and HCM

11 August 2019 Maputo Mozambique 21 PSI

12 November 2019 Maputo Mozambique 17 AORTIC

13 November 2019 Kathmandu Nepal 42 ASCO

14 January 2020 Nampula Mozambique 30 MISAU, UEM, and HCN

15 January 2020 Maputo Mozambique 26 MISAU, UEM, and HCM

Abbreviations: AORTIC, The African Organisation for Research and Training in Cancer; HCM, Hospital Central de Maputo; HCN, Hospital Central de
Nampula; MISAU, Ministerio da Saude (Ministry of Health, Mozambique); PSI, Population Services International; UEM, Universidade Eduardo Mondlane.

TABLE 2. No. of Participants Reporting Increase in Their Confidence to Perform Procedures

Place/Year

No. of Participants
Who Completed the

Evaluation

No. of Participants
Reporting an Increase in
Confidence in Performing

VIA (%)

No. of Participants Reporting
an Increase in Confidence in
Performing Colposcopy and

Biopsy (%)

No. of Participants
Reporting an Increase in
Confidence in Performing

LEEP (%)

No. of Participants
Reporting an Increase in
Confidence in Performing

Ablation (%)

Mozambique
2017

26 14 (41.2) 15 (44.1) 15 (44.1) 7 (20.6)

El Salvador
2017

18 17 (45.9) 18 (48.6) 18 (48.6) 10 (27.0)

Trinidad 2018 17 10 (58.8) 9 (52.9) 10 (58.8) 12 (70.6)

Mozambique
2018

14 5 (35.7) 7 (50.0) 11 (78.6) 7 (50.0)

Nepal 2019 37 31 (83.8) 31 (83.8) 31 (83.8) 32 (86.5)

Total 112 77 (68.8) 80 (71.4) 85 (75.9) 68 (60.7)

Abbreviations: LEEP, loop electrosurgical excision procedure; VIA, visual inspection with acetic acid.
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program include the efforts of multiple groups and inter-
national partnerships. These partnerships are essential for
the sustainability of the program.8

Most LMICs do not have up-to-date national guidelines for
cervical cancer screening and management of pre-
invasive disease.18,19 Adopting guidelines used in high-
income countries is not appropriate in many LMICs be-
cause of the lack of resources and different health care
systems.18 WHO and ASCO have issued resource-stratified
recommendations for cervical cancer screening, which out-
line different strategies on the basis of resource settings.20,21 It
is essential to develop national guidelines suitable to the
country’s resources and to ensure adequate training of the
clinical providers to carry out the recommendations in the
guidelines.

The availability of equipment, instruments, and supplies
can be a challenge in LMICs.22 In Mozambique, many
facilities do not have functioning colposcopes, LEEP ma-
chines, cryotherapy guns, and the gas tanks needed for
cryotherapy. There is also a shortage of speculums, biopsy
forceps, and the consumables needed to perform LEEPs.

These shortages are another barrier to the sustainability of
cervical screening and prevention programs in many
countries.23

Many health care providers in LMICs have limited experi-
ence and skills in delivering cervical cancer prevention and
treatment services. Providing only one training course, even
with on-going videoconferences, is not enough for the
training team to understand the challenges of the local
health care system and the barriers faced by the local
providers. The development of partnerships among local
government, academics, NGO, and others takes time, and
their commitment to ensure support and sustainability for
the program is essential.

In conclusion, the hands-on training cervical cancer pre-
vention workshops suggested an improvement in the ability
and confidence of participants to perform cervical cancer
screening and diagnostic procedures. However, long-term
partnerships and ongoing learning and mentoring pro-
grams are necessary to translate knowledge into practice
and to sustain health care provider capabilities and skills in
low-resource settings.
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