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Abstract

Cervical cancer is one of the commonest cancers afflicting women in low and middle income
countries (LMIC), however both primary prevention with HPV vaccination, and secondary
prevention with screening programs and treatment of pre-invasive disease are possible. A
coordinated approach to eliminating cervical cancer, as has been called for by the World Health
Organization, requires a complex series of steps at all levels of a health system. This article
outlines the current state of cervical cancer prevention in LMIC, the innovations being employed
to improve outcomes, and consideration of the next steps needed as we move towards global
elimination.

Background

Cervical cancer contributes significantly to the burden of noncommunicable disease in low
and middle income countries (LMIC). While cervical cancer is a preventable disease
through human papillomavirus (HPV) vaccination and screening programs for pre-cancerous
lesions, it continues to be one of the commonest cancers afflicting women in LMIC, and is
the leading cause of death amongst women in 42 LMIC(1).

Since the mid 20t century, cervical cancer screening has resulted in a significant decline in
cervical cancer cases and mortality in high income countries, while LMIC continue to
struggle to see similar gains((2)1). A coordinated approach to the elimination of cervical
cancer, as has been called for by the World Health Organization (WHO), requires a complex
series of steps at all levels of a health system, and innovative approaches are needed to
achieve this in LMIC. The global call to action outlines that by 2030, countries need to meet
the “90-70-90” targets to achieve cervical cancer elimination; that is that 90% of girls are
fully vaccinated against HPV vaccine by the age of 15, 70% of women are screened at 35
and 45 years of age, and 90% of those with a precancerous lesion are treated(3).

The mainstays of cervical cancer elimination are primary prevention with HPV vaccination,
and secondary prevention with screening programs and treatment of pre-invasive disease.
The HPV vaccine first became commercially available in the early 2000’s and
implementation has resulted in reductions in HPV driven diseases, particularly in high
income countries(4). Access to the HPV vaccine in LMIC ranges from small studies and
implementation projects to coordinated national programs(5). Alongside HPV vaccination,
screening programs for pre-malignant cervical lesions remain critical to the efforts to
eliminate cervical cancer. Such programs in LMIC are hampered by organizational
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challenges, resource limitations, lack of cost-effectiveness and health service constraints(6,
7). Following on from HPV vaccination and cervical screening, women in LMIC must have
adequate and safe access to treatment of pre-malignant lesions if elimination of the disease
is ever to be achieved. Indeed, as noted, “screening alone has no intrinsic preventive value. It
is only when a positive test result is linked to treatment that disease prevention can occur”

).

This article outlines the current state of cervical cancer prevention in LMIC, the
technological innovations being employed in the process, and consideration of the next steps
needed as we move towards global elimination of this entirely preventable disease.

Cervical cancer prevention

Primary Prevention: Vaccination

The Gardasil® quadrivalent HPV vaccine (covering HPV types 16, 18, 6 and 11) was
initially licenced for use in 2006, followed by the bivalent (HPV 16 and 18) Cervarix ®
vaccine, with the Gardasil9® nonavalent vaccine (with the addition of HPV types 31, 33, 45,
52 and 58) being introduced into the market in 2018(9). Initial vaccine schedules were
generally three doses of the quadrivalent vaccine, however subsequent evidence pointing to
the efficacy of fewer doses (10, 11) has led most national programs and WHO to recommend
a two dose regimen(12), which is likely to contribute to the ability to achieve vaccine
coverage in LMIC. Moreover, analysis of the combined data from two large double blinded
randomized controlled trials (the Costa-Rica Vaccine trial and the PApilloma TRIal against
Cancer In young Adults (PATRICIA trial)) demonstrated that even a single dose of bivalent
(16/18) vaccine conferred efficacy similar to a three dose regimen(13). This is particularly
critical given the current shortage of available vaccines prevents global scale up to the level
recommended by WHO. Moreover from a implementation perspective, single dose
vaccinations reduce the overall reliance on the cold chain, as well as make the logistics of
school and community based immunization programs more achievable(14). To that end, the
Single-Dose HPV Vaccine Evaluation Consortium has been formed by eight global health
and research organizations to “collate and synthesize existing evidence and evaluate new
data about a potential single dose HPV vaccination schedule”(15).

As of October 2019, 98 countries have introduced HPV vaccinations into their immunization
programs in some form(16). Achievable and sustainable HPV vaccination goals are critical
to the elimination of cervical cancer and research must continue to focus on innovative ways
to sustain implementation and coverage of vaccination programs, which may include
variable school and community based strategies relevant to the local context(14). This is
critical when, for example, it is estimated that less than 2% of a targeted population in Africa
have been vaccinated with a single dose(17), which is in stark contrast to the coverage of (at
least) single dose vaccination in other regions such as Australia (>80%)(18), the US (>60%)
(19), Canada (>45%)(20), Mexico (80%)(21), Brazil (45%)(22), the United Kingdom
(>85%)(23), and France (>30%)(24). While there are LMIC who have rolled out HPV
vaccination as a standard part of the national schedule (e.g. Rwanda(25) and South African
school based programs(26)) and those that have achieved partial vaccination(27), a review of
clincaltrials.gov reveals that vaccine based clinical trials continue in several LMIC, mainly
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China, India and Latin America, many of which are implementation trials, highlighting the
steps still to be taken in LMIC to achieve vaccine coverage.

Delivery of HPV vaccination programs in LMIC is complex, especially when one considers
that some high income countries have also failed to achieved adequate coverage. This is no
more evident than in Japan, where despite initial financial and in principle support for the
vaccine, media reports of adverse effects and a large social media campaign against the
vaccine ultimately led to the withdrawal of government support, further solidifying the
community push back and ultimately resulting in very low immunization rates (<4%)(28).
Similar challenges have been noted with the introduction of vaccination in LMIC, such as
that seen in Colombia, where a mass psychogenic reaction in one town resulted in a drop in
projected vaccine coverage from nearly 90% to 5%(29). Addressing such social and cultural
barriers to the uptake of HPV vaccination will continue to form an important component of
program roll out and sustainability in LMIC.

Of the 137 countries who report an Essential Medicines List, only 30 (22%) list HPV
vaccination on that list(30). In some LMIC, HPV vaccination competes with other additions
to the vaccination schedule (e.g. rotavirus) in terms of both allocation of finances and the
capacity to meet the human resource needs of such programs(27). These are two very
significant hurdles to vaccine implementation, and coordinated involvement of both country
Ministries of Health as well as national immunization teams are critical to the success of any
program(31). Overcoming those barriers has however been proven achievable, demonstrated
most eloquently by Rwanda. Despite being one of the lowest income countries in the world,
community and government leadership, in addition to manufacturer support and widespread
social mobilisation lead to the immunization of more than 96% of eligible girls when the
country’s vaccination program was first rolled out(25). Many LMIC have several of the
infrastructure needs in place already, and the commitment to build upon this to achieve HPV
vaccination is strong. For example in Tunisia, both existing vaccination rates as well as
school attendance near 100% and so the professional society of obstetricians and
gynecologists are vocal in their advocation that HPV vaccination can be achieved(32). It is
clear that stakeholder support, the need for initial funding, steady supply of vaccines,
capacity of the health system to deliver a new vaccine, and population acceptance must all
be met in order to achieve acceptable national vaccination coverage.

Secondary Prevention: Screening

Secondary prevention of cervical cancer is initiated with screening, whereby women
undergo one of three methods of detection of potential cervical pre-malignant pathology.
Screening, has traditionally been performed with a cytological assessment of a cervical
smear, obtained by a health care provider after direct visualization of the cervix through a
speculum. In high-income settings, cytological screening is increasingly being replaced with
screening for HPV DNA or mRNA, which can be done on clinician obtained (cervical or
vaginal) or woman self-obtained (vaginal) samples. Finally, and common in LMIC, is (naked
eye) visual inspection with acetic acid (VIA) or visual inspection with Lugol’s iodine
(VILI), whereby the relevant solution is applied to the cervix and the topographic changes of
potential pre-malignant lesions are observed. Each of these screening methods have
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challenges in LMIC with regards to implementing and maintaining programs and with the
follow-on effect that women with a diagnosis of cervical cancer may then not have access to
adequate treatment(33).

Traditional screening with a Papanicolaou (Pap) smear and cytological assessment has been
a large component of reducing cervical cancer in high income countries, however in LMIC
this approach is limited by the need for complex human, physical and system resources
which can often not be met(34). While guidelines for high income countries recommend
cervical cancer screening 2-5 yearly (in order to counter the low sensitivity of cytological
based screening) over a woman’s at risk lifetime(35), the capacity to deliver such frequent
screening in LMIC is limited. Moreover WHO now recommends screening with a HPV or
VIA over the strategy of cytology based screening in LMIC(36).

HPV based screening has several advantages over cytological screening, including improved
sensitivity, consequent capacity to increase the interval between tests, no need for highly
trained cytopathologists, and ability for a rapid point of care result(37). Moves towards
HPV-based screening in LMIC may overcome some of the constraints associated with
traditional cytological screening, although the need still remains for adequate technology,
physical, financial and human resources, patient acceptance and coordinated programs for
implementation(38).

Implementing HPV DNA screening requires finances (there is often a high per-test cost) and
infrastructure that may be limiting(38, 39), and this issue has led to rapid and resource
conserving tests being developed for use in LMIC. The Xpert HPV assay (GeneXpert;
Cepheid, Sunnyvale, CA) completes HPV testing in an hour(40), and the careHPV
(QIAGEN, Gaithersburg, MD, USA) test returns a result for 14 strains of HPV in 2.5 hours,
notably without the need for running water or electricity (powered by dry cell batteries) (39).
This point of care testing has been evaluated in several LMIC and has a sensitivity in these
settings of (81.%% — 88.9%) and specificity of (80% — 91.6%), which is comparable to more
intensive HPV DNA laboratory based tested (91% and 84%)(41-43). In addition, HPV
testing has the added benefit of allowing self-collected specimens for screening. Regardless
of the test used, HPV testing still needs a complex series of steps at the infrastructure level,
sample collection, and execution of the test to work in coordination, and this can fail at any
point along the way(44). However, with more rapid HPV tests being developed which are
increasingly simple to execute, the capacity to achieve screening in LMIC with HPV testing
is increasingly likely. For example, the HPV AmpFire™ test can return results on 94
specimens in one hour, and the specimens and reagents can be stored at room temperature,
minimizing the infrastructure requirements.

Due to the challenges associated with HPV and cytological based screening approaches, the
majority of LMICs use visual inspection of the cervix after application of acetic acid (VIA)
as their method of screening(45). In addition to being low-cost(34), it has the added benefit
of being able to provide an instant result, which can be followed by immediate treatment (so
called “screen and treat”), including in HIV positive women(46). The sensitivity of VIA
screening in primary care settings in LMIC was described in detail in the 90’s, including in a
seminal trial of more than 10000 women, where the sensitivity of the test was shown to be
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76.7% and it was apparent that this was a useful tool in cervical cancer prevention in
LMIC(47). It is however hampered by high interobserver variability and lack of
reproducibility(29), and, despite the initial trial, the sensitivity of the test is reported in other
studies to be as low as 509%(48), so while it is inexpensive to administer, the over treatment
of non-pathological lesions does not necessarily make it a cost-effective approach. That said,
the ultimate cost of having no screening program or access to treatment may be greater, and
the potential harms from overtreatment in this setting are likely minimal(49). Equally
problematic is the fact that access to treatment of a VIA positive lesion may not be possible,
which potentially also limits the utility of VIA as a screening test in many LMIC. However,
comprehensive programs that deliver screen and treat have been demonstrated as feasible in
LMIC, largely driven by engagement with local providers and available financial and
political resources(50, 51), and lessons learned from these programs needs to be considered
in implementing prevention strategies that link screening and treatment.

Despite increasing coverage of the HPV vaccine in LMIC, there remains a very current need
for adequate screening (and treatment) programs, particularly for the millions of
unvaccinated, HPV exposed women(38). There is clearly a complex interplay between HPV
vaccination and screening given that the eventual symbiotic relationship that increasing
vaccination has with decreasing the burden of treatment resulting from screening must
compete right now with the need for both increased vaccination and increased screening of
differing populations. In fact, EI-Zein and colleagues argue that with increasing HPV
vaccination coverage, there may come a time when the risks of screening outweigh the
benefits(52), but we are not there yet. Approaches to developing screening programs in
LMIC must consider the needs of millions of women right now as well as the evolution of
the disease distribution with increasing HPV vaccination in their planning(35) and
innovative models of addressing these needs concurrently are needed. A prime example is in
Peru, where researchers have developed a “mother / child screen, treat and vaccinate”
program, whereby the children and grandchildren of women presenting for cervical
screening undergo vaccination(53).

Table 1 gives a snapshot of the state of existing national vaccination and screening programs
in LMIC, according to data provided to the WHO and the Catalan Institute of Oncology
(ICO) and the International Agency for Research on Cancer (IARC) Information Centre on
HPV and Cancer. Screening programs may vary from opportunistic to organized, and while
many countries do not have a national HPV program list on this table, they do have a variety
of pilot and other HPV projects giving some vaccination coverage. Moreover, the presence
of screening programs does not necessarily translate to high screening coverage in many
LMIC(54). What is also clear is that very few LMIC have both vaccination (primary) and
secondary prevention programs, and this should ultimately be the goal, given that WHO
modelling for vaccination and screening shows that the introduction of both is really
necessary for the elimination of cervical cancer in the LMIC with the highest burden of
disease(55)
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Cervical assessment

Positive cervical screening (either cytology or HPV) needs to be followed by cervical
assessment, with the standard of care in maximally resourced settings being colposcopy,
whereby acetic acid and / or iodine is applied to the cervix and magnified examination is
undertaken. The challenges with this in LMIC are the cost (equipment, supplies and
maintenance), in addition to the training necessary to make the use of colposcope both safe
and clinically adequate. Thus, the capacity to deliver well-resourced and well trained
clinicians in colposcopy is a huge barrier in LMIC. Several unique technologies have been
developed to overcome these issues.

Mobile colposcopes and microendoscopes

The Gynocular (Gynius AB, Stockholm, Sweden) is a portable low cost colposcope that is
comparable in its efficacy to a standard colposcope. In addition to having been evaluated in
high resource settings(60, 61), studies in LMIC demonstrate its applicability as a technology
that works in the field and that can be used by both doctors and nurses(62-64). The
Gynocular is battery driven, has comparable magnification to a traditional colposcope, and
weighs around 400 grams(61). While proponents of technologies such as Gynocular argue
that it overcomes the poor sensitivity of VIA(66) (which can be as low as 50%(48)), it
remains that it is still a colposcope and therefore requires advanced training and resources to
use and maintain. Some of this can be overcome by the fact that the Gynocular lends itself to
the capturing of static images, which can be viewed by an expert colposcopist remote from
the patient(67).

MobileODT (MobileODT, Tel Aviv, Israel) have developed the Enhanced Visual Assessment
(EVA) system (mobileodt.com), a mobile colposcope that is embedded in an android
smartphone for use in low resource settings. This digital colposcope may improve on the
sensitivity of VIA alone, and has the added benefit of being linked to a mobile phone app,
which allows both storing and sharing of images, potentially improving access to expert
colposcopists in LMIC(38, 68). Moreover, as Peterson and colleagues showed in their study
in Kenya, the mobile app allows for use of a decision aid, which can give real-time
monitoring and evaluation by aggregating the data from all users. This resulted in both
improved clinician confidence, as well as the ability for organizations to assess incidence of
cervical pathology and effectiveness of screening programs(69).

Imaging resolution with the portable digital colposcopes may be improved by the innovate
Point of Care Tampon digital Colposcope (POCKkeT) colposcope (Zenalux Biomedical). This
device, developed by a group at Duke University, is a small 20x140mm tampon shaped
device which can be inserted in to the vagina and provide digital colposcopic images 30—
40mm from the cervix. (70) The device is portable, waterproof, maintains sterility with a
disposable sleeve, and produces images comparable to that of a standard colposcope(71).

Further to these colposcopic technologies, a high resolution microendoscope (HRME) was
developed by Rice University to provide real-time diagnosis of high-grade cervical
dysplasia, obviating the need for biopsy and pathologic interpretation. The HRME is a
battery powered fluorescence microscope that provides real time imaging of cervical

Clin Obstet Gynecol. Author manuscript; available in PMC 2022 September 01.


http://mobileodt.com

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Allanson and Schmeler Page 7

abnormalities after application of topical proflavine solution to the cervical surface(72), and
has a sensitivity for detecting CIN 2+ in the order of 76%, with a specificity of 56%, which
is greater than that reported for traditional colposcopy(73)

Portable colposcopy and microendoscopy lend themselves to overcoming some of the
barriers to follow-up and treatment, particularly patients needing to be able to travel to
specialist treatment centres for assessment and biopsy prior to treatment. Hunt et a/ showed
in their cluster randomized trial that a mobile van can be fitted with point-of-care
technologies including the HRME and improves follow up for abnormal cervical screening
compared to when patients have to travel to a central hospital(74). However, portable
colposcopy, in whatever form, is most effective as test when used in conjunction with
cervical screening such as HPV or cytology, in order to increase positive predictive
value(64), and so it remains such that while this is an excellent technological development,
portable colposcopy does not overcome all of the barriers in cervical cancer screening in
LMIC.

Smart phone technology

Treatment

Estimates are that 6 of the 7 billion people on earth have access to a working mobile phone,
and smart phones are becoming an increasingly used component of cervical cancer
prevention. Without needing any additional technology, the use of smartphones to transmit
VIA images to experts in locations remote from a clinical setting can allow the safe
expansion of cervical screening programs in resource limited LMIC, as well as improve
training and support for those potentially lower level health care workers providing the
screening(75-83). This emerging research shows acceptable correlation between images
taken with a smartphone and final histopathological diagnosis, including when the image is
assessed by a clinician at a site remote to the patient. Furthermore, the ubiquity of
smartphone use in LMIC also allows for patient acceptance of the process and aids in patient
education regarding cervical screening(76). Barriers to this process include issues with
network coverage and still needing appropriate and timely access to experts at the other end
of the transmission(75).

Building upon basic image capture, the next stage of smart phone use in the prevention of
cervical cancer is the use of artificial intelligence / deep learning algorithms such that true
diagnostic power of the phone is realised. Complex deep learning algorithms resulting in an
automated interpretation of cervical images will potentially improve upon the sensitivity of
VIA and allow screening to be performed more easily across levels of health
professionals(84). For example, Hu and colleagues applied AVE to a large series of static
cervigram images and found it performed better in fact than when those same images were
shown to colposcopists(85). Smartphones have great potential to increase access to safe and
effective cervical cancer screening in LMIC but rigorous evaluation is needed.

Screening is ineffective without effective links to safe treatment options for women with pre-
malignant and malignant pathology. As the scope of this article is on cervical cancer
prevention, the treatment options outlined below will be those for pre-malignant lesions,
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however we must be constantly aware that health systems cannot neglect cervical cancer
treatment options alongside this. With respect to the treatment of pre-malignant lesions,
treatment options include ablation with cryotherapy or thermal ablation, and excision with
loop electrosurgical excision procedure (LEEP) or cold knife conization (CKC). For that
past several years the majority of LMIC clinicians have been using cryotherapy, however
other ablative and excisional options are also becoming more prevalent and subject to
innovations in development and implementation(86).

Cryotherapy

Cryotherapy is the process of freezing a cervical lesion using carbon dioxide or nitrous
oxygen to a temperature of —58°F for 3 minutes. Carbon dioxide is more often used as it is
cheaper and more readily available. It has an effectiveness of between 77% and 93% for the
treatment of high grade lesions(87). Cryotherapy can be performed by nurses and other mid-
level providers across all levels of the health care system and lends itself well to a see and
treat approach to cervical cancer screening(88). The primary challenge with cryotherapy in
LMIC has always been the need for a reliable supply of gas, as both procurement and
transport issues can interrupt the supply. The CryoPen® (TX, USA) has been specifically
developed to address this issue, being a portable cryotherapy device, with an built-in gas
system and requiring only a single application for treatment(89). A similar device called the
CryoPop has been developed by Jhpiego (an affiliate of Johns Hopkins University) and an
initial safety study in the Philippines (with the University of the Philippines) has just been
completed, and results are awaited(90).

Thermoablation

An alternative to cryotherapy is thermoablation, whereby electricity rather than gas is used
by rapidly heating the tissue with a probe set to a temperature of 212°F for 20-30 seconds.
In their systematic review comparing thermoablation to cryotherapy in LMIC, de Fouw and
colleagues showed similar cure rates for CIN 2 and 3 lesions in LMIC (91.6% compared
with 82.6% respectively)(91). Similar to cryotherapy, thermoablation can be performed in
various settings by different levels of health care providers. It can also be performed without
anaesthesia, and unlike traditional cryotherapy, the equipment is highly portable, no large
gas tanks are needed and a significant number of cases can be performed from a single
charge of its battery(92). Due to its size and the short duration required for a treatment,
thermoablation is technically easier to use that traditional cryotherapy, however ongoing
research is still needed in to the efficacy and safety of thermoablation, including in specific
high risk groups, such as women with HIV/(86, 93). Innovations like this which are both easy
to use an obtain and maintain resources are important considerations in the treatment of pre-
malignant disease in LMIC. Having a range of options and optimising the best treatments in
the context of specific settings is the way forward in ensuring the greatest number of high
risk women are prevented from progression to invasive malignancy.

Excisional methods

While point of care treatments such as ablation will be the mainstay of treatment,
particularly at the primary care level, the capacity to undertake excision of a premalignant
cervical lesion with a LEEP or CKC is necessary to treat lesions which are unsuitable for
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ablation. Criteria for excisional treatment includes the transformation zone not being visible,
the lesion covering more than 75% of the ectocervix, the lesion extending in to the
endocervical canal, or the lesion is suspected to be malignant(94). However, the capacity of
women to receive an excisional procedure in an accessible health care setting within a
reasonable distance is significantly limited in LMIC. In one Tanzanian study, two thirds of
the women needing a LEEP were diagnosed in a facility that could not provide one(95).
While there are no major technological changes in the delivery of excisional procedures,
innovations around access and service delivery are critical. A single excision procedure
requires both permanent infrastructure (electrical supply, diathermy machine) as well as
disposable supples including loop electrodes, local anaesthetic and its delivery system, and
haemostatic agents. Thus, any consideration to scale-up to more excisional treatments, as
they may be more considered more effective than cryotherapy or ablation (measured by
residual or recurrent disease), must be measured against the overall cost-effectiveness of
both approaches in LMIC(96-99).

The “screen and treat” approach

HIV

It is well more than a decade since Denny et a/ described the safety and efficacy in more
than 6000 women in a randomized controlled trial of both HPV DNA and VIA based screen
and treat programs in LMIC. Following assessment with both HPV and VIA, women were
randomised to either treatment (cryotherapy if positive HPV or cryotherapy if positive VIA)
or delayed assessment. Immediate treatment reduced the rate of CIN 2+ at 6 months post
screening, and both HPV as well as VIA were safe approaches (rate of CIN 2+ at 6 months
was 0.8 and 2.23% respectively) compared to delayed assessment after a positive screening
test, which resulted in a CIN 2+ incidence at 6 month of 3.55% (100)

Delivery of screen and treat options in LMIC face many local contextual issues, including
resource delivery, need for clinical encounters across more than one service, and provider
and patient education and attitudes. Screening and treatment must exist in unison; in an
analysis of nearly 45000 women in Nicaragua, only just over a quarter of women who were
screen positive with HPV testing received treatment(120), a situation which is clearly
untenable. Programs that optimise the dyad of screening and treatment remain the
cornerstone of secondary cervical cancer prevention in LMIC and novel approaches are
needed. Both screening and treatment using some of the methods outlined above, can be
provided in LMIC by nurses and other mid-level health service providers, which optimises
the capacity of women to access the service within a reasonable distance. Access and
infrastructure are one thing, but women must also be aware of the reason and need for
screening, with even female health care providers having limited utilization of services in
one systematic review focused on African settings(121).

No discussion on the prevention of cervical cancer in LMIC is complete without
consideration of the role of HIV in the disease. HIV positive women are at increased risk of
acquiring HPV, estimated by Liu and colleagues in their systematic review as a RR of 2.64
(95% CI 2.04-3.42), then followed by an increased risk of developing high grade cervical
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dysplasia (HR 1.32, 95% CI 1.10-1.58)(122). Furthermore, it is estimated that
approximately 1.5% of the millions of women living with HIV in LMIC have invasive
cervical cancer(123), which is considered an Acquired Immunodeficiency (AIDS) defining
illness(124). These risks and numbers are accentuated in sub Saharan Africa, where the
incidence of HPV is nearly 25% (more than double that estimated in the rest of the world),
and where the incidence of cervical cancer and consequent mortality far exceeds anywhere
else in the world (1, 125, 126).

The increased rate of HPV in HIV positive women makes this a particularly important group
to screen in LMIC. There are concerns however that the low specificity of both cytology and
HPV testing in settings where screen and treat is the standard of care put these women at
risk of over treatment, in addition to increasing the burden on a resource constrained system.
Kuhn et al/ demonstrated in their study of more than 1000 women in South Africa, that
changing the threshold of HPV point of care testing (Xpert HPV Cepheid, Sunnyvale, CA,
USA) results in small decline in sensitivity but a significant increase in specificity in HIV
positive women (59.9% to 77%)(127), and this may be one way to address the problem of
over treatment. Aside from HPV screening, programs that focus on the prevention and
treatment of HIV are critical to the fight against cervical cancer. Hall ef a/ modelled
reductions in HPV with target HIV programs, for example the impact of voluntary male
medical circumcision to reduce HIV transmission was estimated to reduce cervical cancer
mortality by 26% at the year 2070(128).

Health system approaches to the prevention of cervical cancer in LMIC

The capacity to delivery cervical cancer screening requires a whole of health system
approach, which will be contextually different in each LMIC. In their systematic review,
Rahman and colleagues use the Levesque Patient-Centered Access to Health Care
Framework to synthesise the specific barriers to cervical cancer screening identified in 19
studies from LMIC. They report demand related barriers of perception, the capacity to seek
and reach screening, the ability to pay and the level of engagement in the process. From a
supply point of view, they highlight issues with approachability, acceptability, availability,
affordability and appropriateness(129). Each of these barriers lends itself to a review in
itself; provided below is one example of integrating cervical cancer screening in to existing
programs in LMIC, which may overcome several of the barriers outlined above.

Women in need of cervical screening in LMIC may also be in need of / benefit from other
public health programs including HIV screening and treatment and access to family
planning services(48). The multifaceted use of infrastructure, and the use of existing
motivation to attend health services for other reasons (e.g. HIV testing) potentially allow for
cervical cancer screening to be integrated and adopted in resource limited settings(130, 131).
Davies et a/ demonstrated this in South Africa, where they recruited more than 450 women
attending a safer conception program for HIV positive women to cervical screening. In a
clear demonstration of the benefit of integrated programs such as this, they found more than
half having cervical pathology and one in five women needing colposcopy(132). Moreover,
the cost effectiveness of integrated programs cannot be underestimated. Vodicka et a/
demonstrated a more than halving of the costs associated with treatment of premalignant
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cervical lesions when built in to existing HIV clinic attendance(133). Similarly, the United
States Agency for International Development and the National Academies of Sciences,
Engineering, and Medicine have joined forces through the Partnerships for Enhanced
Engagement in Research (PEER) to undertake implementation and subsequent scale up
research in Malawi and Mozambique, focusing on the integration of cervical cancer
screening and treatment in to voluntary family planning services(134). While integrated
services are not the panacea to cervical cancer prevention, and themselves still require
established and ongoing physical and financial resources, we would strongly advocate for
this approach in settings where screening is currently limited or non-existent.

Moving forward

While there are many innovations described above directed at the prevention of cervical
cancer in LMIC, each face challenges in both implementation and sustainability. It is clear
that ultimately health system strengthening is a critical ongoing step in advancing the
progress we have made so far in the elimination of cervical cancer(44), as the capacity to
deliver cervical cancer screening is deeply rooted in a functioning larger health system(129).
In addition to this, national will and global partnerships are needed to achieve adequate and
sustained coverage with HPV immunization. Screening and treatment cannot be neglected,
especially in the period of transition from a HPV exposed to a HPV immunized population,
and programs to do this must be contextually appropriate and, ideally, dovetail with existing
infrastructure in order to increase the likelihood of success and sustainability. Ultimately, it
is possible to eliminate cervical cancer, but the road in LMIC is long, and will require much
innovation, sensible use of resources and ongoing global support.

Funding:
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Figure 1.1 and 1.2.
MobileODT used for colposcopy training in Nepal
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Figure 3.
Crytotherapy set up for use in Mozambique
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Table 1:
State of vaccination and screening in LMIC(54, 56) %
HPV Screening HPV Screening HPV Screening HPV Screenin
National program National program National program National program
Program Program Program Program
Afghanistan No Yes Cuba No Yes Korea, Dem. Peru Yes Yes
People’s
Rep.
Albania No Yes Djibouti No No Kosovo(57) No No Philippines(58) Yes Yes
Algeria No Yes Dominica No Yes Kyrgyz No No Russian No Yes
Republic Federation
American Dominican Yes Yes Lao PDR No Yes Rwanda Yes Yes
Samoa Republic
Angola No No Ecuador Yes Yes Lebanon No Yes Samoa No No
Argentina Yes Yes Egypt, No Yes Lesotho Yes Yes S&o Tomé and Yes No
Arab Rep. Principe
Armenia Yes Yes El Salvador No Yes Liberia No No Senegal Yes Yes
Azerbaijan No No Equatorial No No Libya Yes No Serbia No Yes
Guinea
Bangladesh No Yes Eritrea No No Madagascar No Yes Solomon No Yes
Islands
Belarus No Yes Eswatini No No Malawi No Yes South Africa Yes Yes
Belize Yes Yes Ethiopia No Yes Malaysia Yes Yes Sri Lanka Yes Yes
Benin No No Fiji Yes Yes Maldives No Yes St. Lucia No Yes
Bhutan Yes Yes Gabon No Yes Mali No No St. Vincent No Yes
and the
Grenadines
Bolivia Yes No Gambia, No No Marshall Yes Yes Suriname Yes Yes
The Islands
Bosnia and No Yes Georgia No Yes Mauritania No No Tanzania(59) Yes Yes
Herzegovina
Botswana Yes Yes Ghana No Yes Mexico Yes Yes Thailand No Yes
Brazil Yes Yes Grenada No No Micronesia, Yes Yes Timor-Leste No Yes
Fed. Sts.
Bulgaria Yes Yes Guatemala Yes Yes Moldova Tonga No Yes
Burkina No Yes Guinea No Yes Mongolia No Yes Tunisia No Yes
Faso
Burundi No No Guinea- No No Montenegro No Yes Turkey No Yes
Bissau
Cabo Verde No Yes Guyana Yes Yes Morocco No Yes Turkmenistan Yes Yes
Cambodia No Yes Haiti No Yes Mozambique No Yes Tuvalu No Yes
Cameroon No No Honduras Yes Yes Myanmar No Yes Ukraine No Yes
Central No No India No Yes Namibia No Yes Uzbekistan No Yes
African
Republic
Chad No No Indonesia Yes Yes Nepal No Yes Vanuatu No Yes
China No Yes Iran, No Yes Nicaragua No Yes Venezuela, RB No Yes
Islamic
Rep.
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HPV Screening HPV Screening HPV Screening HPV Screenin
National | program National | program National | program National | program
Program Program Program Program
Colombia Yes Yes Iraq No Yes Niger No No Vietnam No Yes
Comoros No No Jamaica Yes No Nigeria No No West Bank No No
and Gaza
Congo, No No Jordan No Yes North Yes Yes Zambia No Yes
Dem. Rep Macedonia
Congo, Rep. No No Kazakhstan Yes Yes Pakistan No Yes Zimbabwe No Yes
Costa Rica No Yes Kenya No Yes Papua New No No
Guinea
Cote No Yes Kiribati No Yes Paraguay Yes Yes
d’lvoire

*
Data from these references unless otherwise indicated

# . . .
No data found for countries with blank entries
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