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Abstract

The global burden of cancer in women has recently received

much attention, but there are few comprehensive reviews of the

burden and policy approaches to reduce it. This article, second

in series of two, summarizes the most important cancer control

priorities with specific examples of proven interventions, with a

particular focus on primary prevention in low- and middle-

income countries (LMIC). There are a number of effective

cancer control measures available to countries of all resource

levels. Many of these measures are extremely cost-effective,

especially in the case of tobacco control and vaccination.

Countries must prioritize efforts to reduce known cancer risk

factors and make prevention accessible to all. Effective treat-

ments and palliative care are also needed for those who develop

cancer. Given scarce resources, this may seem infeasible in

many LMICs, but past experience with other diseases like HIV,

tuberculosis, andmalaria have shown that it is possible to make

affordable care accessible to all. Expansion of population-based

cancer registries and research in LMICs are needed for setting

cancer control priorities and for determining the most effective

interventions. For LMICs, all of these activities require support

and commitment from the global community. Cancer Epidemiol

Biomarkers Prev; 26(4); 458–70. �2017 AACR.

See related article by Torre et al. in this CEBP Focus section,

"Global Cancer in Women."

Introduction

This article is the second in a series of two articles on global

cancer in women. The first describes the burden and trends of all

cancers combined and for sevenmajor cancer sites (breast, cervix,

colorectum, liver, lung, ovary, and uterine corpus), which make

up about 60%of cancer cases and deaths inwomenworldwide, as

well as substantial disparities in the burden. This article outlines

approaches for combating the growing global burden of these

cancers and some other cancers.

Interventions to reduce the burden of cancer among women

cover awide spectrumof activities, including those to eliminate or

reduce risk factors for cancer or increase access to care for early

detection and treatment. In this article, we briefly discuss some of

the most important and cost-effective interventions to curb the

growing burden of cancer with emphasis in low- and middle-

income countries (LMIC). When available, we present the World

Health Organization's (WHO) recommendations, as they are

likely to be more applicable to LMICs. It should be noted that

these recommendations may be different from national recom-

mendations in some countries.

Education and Cancer Awareness

Cancer awareness is a major contributing factor to cancer

prevention and improvement in cancer outcomes (1, 2). Although

there are variations across countries, cancer awareness in LMICs is

generally low (1, 3). For example, only one-third of Chinese

smokers know that smoking causes lung cancer (4), and less than

10% of female university students in many countries in sub-

Saharan Africa know that excess body weight is a risk factor for

postmenopausal breast cancer (3). Cancer awareness inAfrica and

West and South Asia is likely to be even lower in women, as

adult literacy rates in women in these regions are approximately

15%–20% lower than in men (5). Individuals who are informed

about cancers and their main risk factors, symptoms, and out-

comes may be more likely to avoid unhealthy behaviors, notably

smoking (6, 7), and participate in screening programs (when

available), pay attention to early signs and symptoms of cancer, or

seek care in a timely manner, when necessary, which can lead to

improved cancer outcomes (2, 8–11). For example, although

>97% of women in Thailand in 2009 were covered by health

insurance schemes that provided free access to cervical cancer
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screening,womenwithprimary/secondary education andwomen

with a bachelor or higher degree, respectively, were approximately

2 and4 timesmore likely to participate in cervical cancer screening

than those with no formal education (12). As another example,

breast cancer awareness may increase proportion of early-stage

breast cancers diagnosed (13, 14). Cancer education and aware-

ness can also reduce the stigma that might be associated with

cancer in many populations (15–21). This may be particularly

important with regard to women's cancers, for which stigma may

be associatedwith removal of femalebodyparts (e.g.,mastectomy

and hysterectomy) or with sexually transmitted infections (e.g.,

human papillomavirus infection; refs. 15–20).

Tobacco Control

Tobacco use is the leading cause of preventable cancer deaths

among women worldwide. In many high-income countries

(HIC), smoking prevalence substantially increased first among

men and 2–4 decades later in women (Supplementary Fig. S1).

The smoking-related cancer mortality in each sex substantially

rose 3–5 decades after the increase in smoking prevalence in the

corresponding sex (22). This pattern is known as the smoking

epidemic model. Smoking prevalence among men peaked much

more recently inmany LMICs than inHICs (e.g., the 1980s in Asia

and the 1950s in the USA; ref. 23). Women have not yet begun

smoking in large numbers in many LMICs, especially in Asia and

Africa (23), with current smoking prevalence less than 5% inmost

of these countries. However, tobacco companies are increasingly

targeting women in these regions and there is some evidence in

some LMICs that smoking prevalence is increasing in young

women (24, 25). Therefore, implementing effective tobacco con-

trol programs can have a substantial impact on keepingwomen in

LMICs healthier, as there is a huge opportunity to avoid the

replication of tobacco epidemic (as observed in HICs) and the

future surge in the burden of lung cancer and other smoking-

related diseases in this group.

TheWHOFrameworkConvention on TobaccoControl (FCTC)

is an international treaty outlining measures to control the global

tobacco epidemic. It entered into force in 2005 after being

approved by 40 states (26). To assist countries in the implemen-

tation of the FCTC, the WHO introduced the MPOWER policy

package, a set of evidence-based measures aimed at reducing

demand for tobacco through taxation, smoke-free areas, moni-

toring, cessation assistance, education about the harms of tobac-

co, and bans on tobacco advertising. Thesemeasures have already

proven tobe effective in reducing smoking in several regions of the

world (27, 28).

Increasing awareness about the health hazard of smoking is an

essential part of any tobacco control program.Oneway to increase

the awareness is to use health warning labels on cigarette pack-

aging. The FCTC recommends health warning labels on both the

back and front, covering at least 50% of the pack. (23). Graphic

warning labels are more effective than text-only warnings, and

using them can even be more important in LMICs, because they

can communicate health information directly to people with low

literacy and inmultilingual countries (29, 30).Many LMICs in the

Americas and several in the Middle East and other regions have

introduced warning labeling at the levels recommended by the

FCTC (Supplementary Fig. S2, ref. 31). However, in a number of

other LMICs, there are still nowarning labels on cigarette packages

or, where they exist, their size does not meet FCTC criteria.

Recommended graphic labels can also help prevent the tobacco

industry from using the packages as a marketing tool to attract

users, especially youth. For example, in 2007, R.J. Reynolds

Tobacco started a marketing campaign for Camel No. 9, targeting

girls and young women by advertising in the media and using

pink fuchsia or minty-green teal colors on a fashionable, trendy

black package. This campaign was quite successful in reaching

adolescent girls and increasing the desire to smoke among many

of them (32). Among other FCTC provisions that can increase

awareness about harms of smoking are mass media campaigns

[which can reachmany people at low costs, see Article 12 of FCTC

(33)], especially when they are government-sponsored, and ces-

sation programs (e.g., messaging through quitlines; ref. 34).

Studies in HICs and LMICs have shown that increasing awareness

about health effects of secondhand smoke could lead to voluntary

smoking bans in households of all income levels (7, 35–37).

Taxation inparticular has proven tobe very effective in reducing

smoking, in addition to being cost-effective (38, 39). The WHO

recommends taxes amounting to at least 70% of the retail price,

but few countries have reached this level (Fig. 1). HICs generally

have higher levels of taxation, while many LMICs, particularly in

Africa and the Middle East, have lower levels. Nevertheless, there

are a few great success stories in LMICs. The "Sin Tax" Reform Law

in the Philippines, for example, has greatly increased the total

tobacco tax share (by 45% between 2012 and 2014), indexed the

tax to inflation, simplified and improved the taxation system

(from a four-tier to a one-tier system), andmore importantly, was

associated with a decrease in smoking prevalence from 30% in

2011 to 25% in 2015 (31, 40). Moreover, this reform has

generated significant incremental revenues, a substantial part of

which is used to helping finance the Philippines' universal health

care program to provide coverage for low-income people (40).

Brazil is an example of the successful implementation of

comprehensive tobacco control program which has had an effect

on female smoking. Female smoking prevalence decreased from

25% in 1989 to 13% in 2008 following a series of tobacco control

measures enacted starting in 1986 (41). By 2008, about 43% of

once-daily female smokers in Brazil had quit smoking, and

current smoking rate among young women aged 15–24 was only

6% (24). Should this progress be sustained, Brazil will have

potentially avoided a huge future burden of tobacco-related

cancers and other diseases among women. It should be noted,

however, that Brazil has struggled in recent years to maintain the

gains in tobacco control as a result of tobacco industry's aggressive

actions, such as using the domestic legal system to challenge

tobacco control measures (42, 43).

Household and Ambient Air Pollution

In many LMICs, reducing household air pollution can signif-

icantly improve public health, particularly women's and chil-

dren's health, as they generally spend far more time than men at

home. For example, a higher female lung cancer death rate in

China than France (18.0 and 12.9 per 100,000, respectively) in

2012, despite much lower smoking prevalence among women in

China (3%) than France (26%) has been attributed to higher

exposure of Chinese women to secondhand smoke and house-

hold air pollution from using solid fuels (23, 44). In 2012, 4.3

million deaths worldwide (including 272,000 deaths from lung

cancer) were attributable to household air pollution due to

cooking and heating using solid fuels (45). Of these deaths, only

Cancer Control in Women
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about 19,000 (<1%) occurred in HICs, while 3.3 million (77%)

occurred in LMICs inWestern Pacific and Southeast Asia (45). The

number of deaths was 1.8 million (41%) in women and 0.5

million (13%) in children (45). Two interventions to reduce

household air pollution include providing access to clean fuel,

notably liquefied petroleum gas (LPG), or improved solid fuel

stoves (46). Although improved stoves could substantially reduce

airborne particulate matter (PM) from solid fuels when they

replace traditional stoves, few can reduce airborne fine particulate

levels below suggested limits for PM with diameter �2.5 mm

(PM2.5) that can penetrate into the gas exchange regions of the

lung (46–48). Consequently, WHO recommends the use of LPG

as the primary strategy to improve household air quality (47).

However, if providing secure and sustainable access to LPG is not

currently feasible in some low-resource populations because of its

higher costs (46), providing access to improved solid fuel stoves

can be an efficient intermediate step in reducing household air

pollution until access to LPG is more widespread (47, 49).

The number of deaths attributable to ambient (outdoor) air

pollution is slightly higher in men than in women. Globally,

3.7 million deaths were attributed to this exposure in 2012

(including 402,000 lung cancer deaths), 44% of which

(1.6 million) occurred in women, 53% in men, and 3% in

children (50). Similar to household air pollution, most ambi-

ent air pollution–related deaths occur in LMICs (88%). Some of

the major pollutants worldwide are PM, ozone (at ground

level), nitrogen dioxide, and sulfur dioxide, but air quality

usually is reported as mean concentrations of PM10 (PM with

diameter �10 mm) and PM2.5 (50). In 2016, the annual PM10

mean concentration (mg/m3) was 25–31 in HICs in Europe and

Americas, while it was >100 in LMICs in Asia and Africa and

>150 in the Eastern Mediterranean region (51), much higher

than the limits suggested by WHO (20 mg/m3), although there

is no safe level for PM (52). It should be noted that in rural

areas, concentration of most ambient air pollutants may be

lower, but the concentration of ozone at ground level may be

higher than urban areas (53). Efforts to reduce ambient air

pollution and its effects require collaboration between many

sectors, including governments. Some activities may include

investing in cleaner energy sources; improving traffic and

increasing public transportation; improving technology in

combustion process and filtration in vehicle engines, indus-

tries, residential places, and power production; and monitoring

and reporting air pollution (53–55). Awareness should be

increased to reduce behaviors contributing to air pollution at

the individual level, put pressure on policymakers to act, and

limit outdoor activities when air pollution level is high

(53, 56).

Body Weight and Physical Activity

The prevalence of excess body weight (body mass index, BMI

� 25 kg/m2; Fig. 2) and physical inactivity is rapidly increasing in

many LMICs (57, 58). From 1975 to 2014, for example, the

prevalence of excess body weight among women increased from

12% to 33% in China and from 39% to 64% in Iran (59). Both

excess body weight and physical inactivity are more common in

women than men (58, 60, 61). In particular, the participation of

women in leisure activity and sports is much less than men in

many LMICs (62). Overall, 5% of all new cancer cases in women

worldwide are attributable to excess bodyweight (63). Also, 7%of

breast cancer deaths worldwide are attributable to physical inac-

tivity; this proportion in both sexes combined is 7% for colon

cancer and 6% for all-cancer mortality (63).

Percent of price of top-selling cigarette brand

< 25% 25%–49.9% 50%–74.9% 75% or more No data

Source:  WHO Report on the Global Tobacco Epidemic, 2015

Figure 1.

Tobacco taxation, 2014.
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The shift in food supply appears to be the main contributor to

excess body weight epidemic worldwide: economic development

and increase in average income and availability of low-cost

processed foods high in fats, refined starches, and sugar have

increased the global consumption of foods high in calories (64,

65). Development and implementation of policies to counteract

the influx and marketing of such unhealthy foods is often com-

plicated by opposition from the food industry (66). Reduced

physical activity due to urbanization is another contributing

factor (64).

A number of studies and interventions in LMICs to promote

physical activity, healthy diet, and reduce excess body weight,

particularly among children in schools, have shown positive

results (67–69), and limited evidence indicates that they are

cost-effective ways to prevent chronic diseases, including cancer

(70, 71), but most of the interventions have been small-scale.

The Academia da Cidade in Brazil, an example of a large-scale

community intervention, provides free daily physical activity

training and equipment in public parks or plazas since

the 1990s and has been used as a model to increase physical

activity in some other countries (72). Surveys suggest that not

only participation in this program but also even knowing about

the program or seeing the trainings are associated with higher

physical activity (73), indicating the effect of increasing aware-

ness. Improving the design of urban environments, such as

more parks and public transportation density, may also help to

increase physical activity at the community level (74).

The same types of policies that have been successful in tobacco

control have the potential to substantially reduce unhealthy diet

(75). A simulation study in several highly populated LMICs has

shown cost-effectiveness of several interventions that are used for

tobacco control, including mass media campaigns, [food] label-

ing, advertising regulations, and taxation, as well as worksite

interventions, physician counselling, and school-based interven-

tions, in reducing excess body weight, especially with a multiple-

intervention strategy (76). Similar to tobacco products, lower-

income populations are more sensitive to changes in the price of

foods (77). Therefore, a major strategy to improve diet in LMICs

can include increasing the price of high-calorie foods through

taxation, and perhaps decreasing the price of healthier food items,

at least for low-income groups. Mexico was one of the first

countries to implement taxation on nonessential high-calorie

foods and sugary beverages at thenational level in 2014.Although

more research is required on the effects of this intervention, short-

term results show an average of 5% reduction in the purchase of

taxed foods beyond the expected change in one year, while this

reduction was 10% in low-income households (78). A greater

decrease was observed in purchases of taxed beverages (up to

17%; ref. 79). Food labels provide information about the content

of the food and can increase consumer awareness. There are a

number of LMICs, mostly in Latin America and Asia, which have

mandatory or voluntary labeling legislation (80). Some countries

may modify popular labeling systems to make it more appropri-

ate for the needs of the country. For example, Mexico implemen-

ted its own mandatory front-of-pack nutrition label, which was

announced in 2014 and came into effect in July 2015, and its

effects are yet to be evaluated (81, 82).

Vaccination

The human papillomavirus (HPV) and hepatitis B virus (HBV)

vaccines are the only two vaccines that prevent cancer. The HPV

vaccine can prevent cervical cancer (83) and probably several

other HPV-related cancers, including anal cancer (84). HBV

vaccination can prevent HBV-related chronic liver disease and

liver cancer (85). Several factors havemade vaccination one of the

most feasible and cost-effective methods to prevent HPV- and

HBV-associated cancers, in particular in LMICs. In just a few visits,

the vaccines can be delivered to newborns/infants (HBV) or

adolescents (HPV). Also, vaccination is much less costly than

< 30%

30%–39.9%

40%–49.9%

50%–59.9%

60% or more

Source: WHO Global Health Observatory Data Repository

Figure 2.

Prevalence of excess body weight (BMI � 25 kg/m2) among women age 18þ years, 2014.

Cancer Control in Women
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diagnostic procedures and treatment of chronic diseases and

cancers related to these infections.

HPV vaccination

It is believed that HPV infection is involved in all cervical

cancers (86); for the burden of disease, see part I of this series.

HPV vaccination is generally recommended for adolescent girls,

before they become sexually active. This vaccination can pre-

vent many cervical cancer cases globally (Table 1; Supplemen-

tary Fig. S3). A WHO analysis suggests that, out of 179 countries

included, HPV vaccination will be very cost-effective in 156

countries (87%), cost-effective in 17 other countries, and not

cost-effective in only 6 countries (87); the latter countries are

mostly located in the Middle East and have low incidence of

cervical cancer (Supplementary Fig. S4). According to this

analysis, spending approximately US$ 200 million and 390

million per one birth cohort of 12-year-old girls in Africa and

Southeast Asia could prevent 130,000 and 150,000 deaths,

respectively, which represents 31% and 36% of 420,000 cervi-

cal cancer deaths preventable by HPV vaccination in the same

age cohort worldwide (87).

From 2013 to 2015, the number of countries that had intro-

duced HPV vaccination in their national immunization program

increased from 45 (Supplementary Fig. S2) to 81 (Supplementary

Fig. S5; ref. 88, 89), in large part due to an increase in international

monetary and technical assistance to LMICs by the Global Alli-

ance for Vaccines and Immunization (GAVI; ref. 90). However,

inclusion of HPV vaccination in a national program does not

necessarily indicate a high vaccination coverage in that country.

For example, in 2014, only 50% of girls aged 13–17 in the United

States had received 2 doses of HPV vaccine (91). Nevertheless,

available data strongly indicate that high coverage for HPV

vaccination is potentially achievable worldwide, including in

LMICs, through political commitment, securing financial

resources, increasing awareness about cervical cancer and its

prevention, and when the program is appropriately designed

according to the needs of the community (92, 93). For instance,

Bhutan (94), Rwanda (95), and Uganda (96) achieved vaccina-

tion coverages of approximately 90%ormore in girls. Inclusion of

HPV vaccine delivery through schools in HPV vaccination pro-

grams, as shown in the above three and some other countries,

have been associated with a better vaccination adherence in

LMICs (93). Initial guidelines recommended 3 doses of HPV

vaccines, but current WHO guidelines have reduced it 2 doses of

bivalent or quadrivalent vaccines for girls <15 years (except those

who are immunocompromised and/or HIV infected), which

reduces the cost and can increase the adherence (97). However,

theremay be variations in vaccination guidelines across countries.

For example, the US Centers for Disease Control and Prevention

(CDC) recommends a 2-dose schedule only for the nonavalent

HPV vaccine (98).

HBV vaccination

Chronic HBV infection (i.e., persistence of HBsAg for at least 6

months) affects 240million people, and between 20% and 30%

of people with chronic infection will eventually develop cirrho-

sis and/or liver cancer (99). This infection is associated with

about 686,000 deaths (300,000 of which liver cancer; ref. 100),

and most of these deaths occur in LMICs (99). HBV vaccination

is the most cost-effective measure to prevent HBV infection and

its complications (99, 101). In 1992, WHO recommended the

inclusion of HBV vaccination in all national infant immuniza-

tion programs. Since then, almost all countries have followed

this recommendation. However, although prevalence of HBV

infection is high (>8%) in 28 countries in the WHO African

region and 10 countries in the Western Pacific (102), the cov-

erage in many countries in these two regions is not optimal and

needs to be improved as a priority (Supplementary Fig. S6). In

addition to the importance of securing adequate long-term local

or international funding (e.g., through Gavi; ref. 103), improve-

ments in effectiveness of vaccine delivery may increase the

coverage. Some of the improvements include increasing the

coverage of the vaccine supply chain, increasing awareness about

benefits of the vaccination among providers and the general

population, and finding ways to increase the number of infants

born in facilities that can provide HBV vaccine, as well as the

number of infants who are born elsewhere and receive the

vaccine soon after birth (104).

There are also some LMICs in Asia and South America that have

relatively low HBV infection rates and suboptimal vaccination

coverage. These countries will also benefit from an increase in the

coverage. For example, despite a moderate HBV infection rate of

2%–4%, it has been estimated that every year 17,000 people in

India die because of HBV-related liver cancer (105). This number

does not include deaths from more common acute and chronic

complications of HBV infection, including acute and chronic

hepatitis or liver failure and cirrhosis of the liver. HBV vaccination

coverage is less than optimal in several HICs. In 6 European

countries (Denmark, Finland, Iceland, Norway, Sweden, and the

United Kingdom), where the prevalence of chronic HBV infection

Table 1. The estimated net cost of HPV vaccination and number of cervical cancer deaths prevented by vaccination of one birth cohort of 12-year-old girls (87)

Area

Net cost

(million US$)

No. of girls to be

vaccinated (millions)

Cervical cancer deaths

prevented (�1000)

% Spending (of all

countries' spending)

% Prevented deaths

(of all countries)

Country income level

Low 130 9.7 110 3.2 26.2

Lower-middle 670 24.8 200 16.3 47.6

Upper-middle 830 17.6 90 20.2 21.4

High 2,500 6.1 16 61.0 3.8

WHO region

Africa 200 10.8 130 4.9 31.0

Americas 1,200 7.5 56 29.3 13.3

Europe 1,100 4.9 17 26.8 4.0

Eastern Mediterranean 360 6.2 18 8.8 4.3

South-East Asia 390 17.0 150 9.5 35.7

Western Pacific 930 11.6 42 22.7 10.0

All countries 4,100 58.1 420 100 100
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is <1% (102), universal HBV vaccination is considered unneces-

sary, and only high-risk groups and infants born to pregnant

women who test positive for HBV infection receive vaccination

(106). In those countries, however, many eligible infants (born to

mothers with HBV) and infants born to mothers with unknown

HBV status (especially among immigrants) may not receive some

or any doses of HBV vaccine (106, 107).

Access to Screening

The majority of cancers, including breast and cervical cancers,

are diagnosed at a later stage in sub-Saharan Africa and other parts

of the developing world (108–111). Major contributing factors

include lack of knowledge about cancer signs and symptoms, low

literacy rates, seeking traditional medicine, delays in referral and

diagnosis, absence of local health care facilities (distance), lack of

transportation, and unaffordability of care (10, 110, 112–116),

which highlight the importance of both increasing cancer aware-

ness in the general public and health care providers and improv-

ing access to early detection.

There is strong evidence for the effectiveness of screening for

cervical, breast, and colorectal cancers. Generally, cervical and

breast cancers are more likely to be diagnosed in younger

women, and their incidence rates among women in LMICs are

higher than colorectal cancer. For example, the estimated

incidence rate per 100,000 among women in Eastern Africa in

2012 was 42.7 for cervical cancer, 30.4 for breast cancer, and

6.1 for colorectal cancer (117). On the basis of the burden and

needed infrastructure, cervical cancer screening definitely has a

much higher priority in LMICs than breast and colorectal cancer

screening; between the latter two, breast cancer screening may

have a higher priority (118). However, setting priorities for

screening in a given country will depend on the availability of

resources and infrastructure and cost-effectiveness of the

intervention.

Cervical cancer screening

Cervical cancer screening can reduce cervical cancer incidence

andmortality (119, 120). Asmentioned in part I of this series, the

standard screening method in HICs (based on cytology, or Pap

test) has not been as successful in most LMICs due to the lack of

appropriate infrastructure and logistics (Fig. 3A). In these coun-

tries, screening based on HPV DNA testing or visual inspection

with acetic acid, (VIA; screen and treat) could be alternative

approaches (121). Currently, WHO recommends screening of

women�30 years,with priority given towomenaged30–49years

(121). The age range and screening intervals will depend on

resources. Although the recommended interval is 5 years after a

negative HPV DNA test and 3–5 years after a negative VIA or

cytology (121), even screening once in a lifetime could be ben-

eficial (121, 122). Several studies have shown cost-effectiveness of

either HPVDNA testing or VIA for preventing cervical cancer cases

in LMICs (Table 2; refs. 122–124).

A number of LMICs had started a national or pilot cervical

cancer screening program (Fig. 3B). However, many LMICs have

not done so, including several countries in sub-Saharan Africa,

especially in Central Africa, where the burden of cervical cancer is

the highest. This is probably because of a mixture of having

limited resources and infrastructure and lack of sufficient political

support. Malawi, a country in Southern Africa in which cervical

cancer accounts for 45% of all female cancers (125), has become

one of the few African countries with a national cancer screening

program due to strong support from the government. Despite an

increase in participation of women in cancer screening in Malawi

(9% in 2011 to 27% in 2015), however, the participation in this

country or other LMICs with a national program is still far below

the optimal levels, andmany screenedwomenmaynot receive the

required treatment (which is generally cryotherapy) ormaybe lost

to follow-up for a repeat cryotherapy, or when necessary, other

treatments (125, 126). In a feasibility study coordinated byWHO

in 6 African countries, 39% of the screened women eligible for

treatment did not receive cryotherapy for several reasons, includ-

ing equipment being nonfunctional on the day of screening

(126). In addition to governments' commitment to establishing

and scaling up cervical cancer screening programs, the following

actions could increase the efficiency of the programs: increasing

awareness about the screening, providing standardized counsel-

ling, active follow-up, ensuring reliable equipment, reducing the

lag between screening and treatment, and integrating the screen-

ing into routine primary health care to women (20, 126). Imple-

mentation research is also needed to increase participation rates

and decrease loss to follow-up.

Breast cancer screening

Several HICs have organized opportunistic breast cancer

screening programs using mammography. Although a few

upper middle-income countries in Eastern Europe and Amer-

icas have a breast cancer screening program based on mam-

mography (Fig. 3A), many other LMICs are unlikely to afford

such a program with a high coverage/participation rate in the

near future (127, 128). There is also limited evidence on cost-

effectiveness of mammographic screening in LMICs (129),

although there is variation across countries. In its latest position

paper, WHO recommends mammography screening for wom-

en ages 50–69 years in LMICs only when there is a relatively

strong health system and shared decision-making strategies for

patients and health care providers meet certain conditions

(130). However, in a more recent evaluation, the International

Agency for Research on Cancer (IARC) states that mammogra-

phy is also beneficial for women ages 70–74 years (129).

Clinical breast examination may have the potential to be

beneficial in LMICs, pending the results of further studies.

According to IARC, there is sufficient evidence that clinical

breast examination can shift the stage distribution of breast

tumors to a lower stage based on three clinical trials and a few

observational studies, but the results on its effects on breast

cancer mortality in clinical trials are not available yet (129).

Colorectal cancer screening

The various screeningmodalities (e.g., fecal/blood tests, endos-

copies) for colorectal cancer have been discussed in part I of this

series. Unlike screening for breast and cervical cancers, there are

few countries (all HICs) with organized or opportunistic colo-

rectal cancer screening programs. However, considering the

increase in incidence rates of colorectal cancer in countries with-

out screening (131), more countries may consider establishing a

colorectal cancer screening program. The implementation of

screening programs based on laboratory tests may be more

feasible in some middle-income countries, as it reduces the

number of people that will need endoscopy (132, 133). For

example, a pilot program based on fecal immunochemical test
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(FIT) every five years and colonoscopy for people with a positive

test has been successfully implemented in Lampang province,

Thailand; 63% of 127,000 target population were screened and

72% of those with a positive test underwent colonoscopy (133).

Access to Cancer Treatment

About 80% of people with advanced cancer experience mod-

erate to severe pain. Although opioid analgesics such asmorphine

are a safe, effective, easy to use, and inexpensivemeans of treating

moderate to severe pain in cancer patients (134), LMICs consume

<5% of the medicinal opioids despite containing 85% of the

world's population (Supplementary Fig. S7), resulting in a large

number of cancer patients in LMICs dying with untreated pain

(135). This underutilization has a number of causes, including

difficulty in obtaining the drugs due to inadequate training of

health care providers, legal and regulatory restrictions and supply

chain issues, and concerns about diversion, addiction, and abuse.

However, with implementing mechanisms for appropriate pre-

scription and delivery of opioids by governments and health care

providers and proper training, these barriers can be overcome

(134, 136, 137). In Uganda, for instance, the government now

No large-scale screening

Cervix

Breast
Source: The Cancer Atlas, 2nd edition

HPV DNA Testing

National

Pilot

Visual inspection with acetic acid

National

PilotSource: Cervical Cancer Action

A

B

Figure 3.

A, Countries with large-scale cervical (based on Pap smear) and breast cancer screening programs, 2014. B, HPV screening programs using HPV DNA testing and

visual inspection with acetic acid, 2015.
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makes oral morphine available to patients with cancer at no cost,

and nurses with special training in palliative medicine can pre-

scribe morphine; this has improved pain control, especially in

rural areas (138, 139).

About 80% of cancer patients may need surgery at least once

during their treatment (140) and about 50% may benefit from

radiotherapy (141). In LMICs, moreover, surgery is often the

only available curative or palliative treatment in the absence of

radiotherapy or chemotherapy due to resource constraints

(142). However, less than 25% of patients globally will receive

safe, affordable, and timely surgery (140), and access to radio-

therapy is limited in many LMICs, particularly in Africa and

Southeast Asia, where about 30 countries have no radiotherapy

services available (Supplementary Fig. S8; refs. 138, 143). Even

when radiotherapy equipment is available, it may not be

functioning properly (144). Many LMICs may need interna-

tional assistance to establish sustainable access to radiotherapy

equipment. Currently, the main source of assistance is the

International Atomic Energy Agency (IAEA), which in collab-

oration with WHO and some international cancer organiza-

tions, works with ministries of health in capacity building, such

as training of radiotherapy workforce and the procurement of

equipment (145).

The cost of cancer drugs has skyrocketed with the develop-

ment of new and more effective targeted treatments and immu-

notherapy (146). The WHO List of Essential Medicines, whose

selections are based on public health impact as well as relative

cost-effectiveness compared with similar drugs, contains 46

cancer medicines as of May 2015 (146, 147). There are a

number of cancer drugs on the list which can be obtained at

a relatively low cost; for example, the total cost of generic drugs

per patient for treating Burkitt lymphoma in Cameroon,

Ghana, and Malawi, with a 50% cure rate, is <US$50 (148).

However, there are also others that may be cost-prohibitive in

lower-income settings and even for equitable access in HICs.

Some approaches to make cancer drugs more affordable in

LMICs include providing generic drugs, negotiation with phar-

maceuticals for lower prices, expansion of health coverage, and

increase in involvement in clinical trials (149).

Many LMICs lack a sufficient number of trained specialists to

diagnose and treat cancer due to scarcity of local educational

opportunities and/or "brain drain", when highly-skilled pro-

fessionals emigrate (150). For instance, many countries in sub-

Saharan Africa have fewer than one pathologist per million

inhabitants (Supplementary Fig. S9; ref. 151). When a country

lacks sufficient number of oncologists, surgeons and some

other health professionals may be responsible for providing

cancer care beyond their specialty (142). This indicates that

while there is a need for oncologic specialists in places where

there are none, some cancer treatments can still be successfully

delivered in these settings. Collaborations between local lead-

ership and cancer specialists in other countries have started in

several LMICs to deliver cancer care through local physicians

and nurses (152, 153). For example, Rwanda is one of the first

countries in sub-Saharan Africa that has established a cancer

center in a rural area to provide basic imaging, pathology

services, surgery, chemotherapy, and palliative care (153). In

its first two years of action (2012–2014), the center provided

care to 2,326 patients, 71% of whom were women (154).

Individuals living outside larger cities in LMICs may need to

travel long distances to have access to cancer care, with addi-

tional costs of travel, accommodation, and absence from work

for patients and people accompanying them (1).

Affordability of cancer care, even when available, is a major

issue in LMICs. For example, 81% of cervical cancer cases

referred for radiotherapy to a treatment center in Nigeria and

70% of patients who required chemotherapy in a center in

Tanzania did not receive the treatment mostly because of

financial issues (143, 155). Health insurance plans in many

LMICs may cover a relatively small proportion of the popula-

tion and have high copayments, and they may not cover some

cancer care services because of their high cost (134). Establish-

ing publicly funded universal health coverage (UHC) in LMICs

is likely to increase access to care even for low-income people

(156, 157). WHO recommends taking into account the three

dimensions of coverage: proportion of the service cost covered,

the number of covered services, and the proportion of covered

people (157). There should also be a balance among cancer

treatment and preventive and early detection measures. Nev-

ertheless, due to limited resources, providing UHC will be a

challenging task in LMICs, especially in lower income countries

(154, 158, 159). Discussing these challenges and possible

means to overcome them are beyond the scope of this article,

but making strong political commitments is the first step to

provide UHC. Despite these challenges, a number of LMICs,

notably in the Americas and Southeast Asia, are transitioning to

provide UHC, and several countries, such as Bangladesh, Brazil,

Colombia, Mexico, Peru, the Philippines, and Thailand, have

made substantial progress in expanding UHC, although still

more improvements are required (40, 156, 157, 160–162).

Table 2. Estimated mean reduction in lifetime risk of cervical cancer (%) following screening, HPV vaccination, or both, versus no interventions, in select LMICs

Country

Screening only

(Pap test)a
Screening only

(HPV DNA test)b
Vaccination

onlyc
Vaccination þ screening

(HPV DNA test)

Argentina (176) 18.2 52.2 68.6

Chile (176) 14.2 45.6 60.0

Colombia (176) 20.8 49.4 67.1

Peru (176) 19.1 43.0 55.0

Mexico (176) 16.7 40.3 56.4

South Africa (123) 14.7 24.8 46.4 59.7

Uganda (123) 15.1 25.0 51.5 63.7
aCytology-based screening for 3 times at ages 35, 40, and 45 years, assuming 70% population coverage for 3-visit testing (first visit: Pap test; if necessary, second:

colposcopy and biopsy, third: treatment).
bScreening based onHPVDNA testing 3 times per lifetime at ages 35, 40, and45, assuming 70%population coveragewith 2-visit HPVDNA testing each time (one day

for testing, the other for results, and if necessary, treatment).
cVaccination at ages 9–12 years, assuming 70% coverage of the female population with three doses given by age 12.
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Population-based Cancer Registries

Cancer registries and vital registrations are an integral part of

any evidence-based cancer control programs as they set priorities

and assess the effectiveness of such programs. There are variations

in thequality of data and coverage (nationwide versus regional) of

population-based cancer registries across countries. The IARC and

the International Association of Cancer Registries compile high

quality population-based incidence data from around the globe

and publish these data periodically as the Cancer Incidence in

Five Continents (CI5) series. However, only 14% of the world

population was covered by the registries included in the latest

edition (Volume X, registration period 2003–2007), with a great

disparity in coverage between LMICs and HICs: Africa (2%), Asia

(6%), Central and South America (8%), Europe (42%), Oceania

(78%), andNorth America (95%; ref. 163). No population-based

cancer registries exist in several countries in sub-Saharan Africa

and Central Asia (Supplementary Fig. S10; ref. 138). IARC's

GLOBOCAN is another valuable source of information, which

provides estimates for cancer incidence and mortality by cancer

site and sex for all countries (164). However, national estimates

formost LMICs are based on information fromnonrepresentative

regional registries or neighboring countries (164). To improve the

coverage and quality of cancer registries in these countries, IARC

has recently established the Global Initiative for Cancer Registry

Development (165, 166).

Similar to cancer registries, there is wide variation globally in

the availability, quality and completeness of death certification.

Almost all countries in Africa and many countries in the Middle

East and South-Central and Southeast Asia lack vital registration

(Supplementary Fig. S11, ref. 138). Of those countries with vital

registration most are of low or medium quality and regional

(often urban areas) rather than national. Vital registration systems

could also collect some other pieces of valuable information.

Since 1998, for example, ascertaining smoking history of dece-

dents has been part of routine death notification process in South

Africa, which allowed the estimation of tobacco-attributable

deaths in the country (167). Another example is the Navrongo

health and demographic surveillance system in Ghana, which

collects information on smoking and alcohol drinking at the sub-

national level (168, 169).

Research

Cancer research has been primarily focused on cancer problems

ofHICs, andonly about 3%of global cancer research funding goes

toward projects relevant to LMICs (170). Althoughmany findings

from studies conducted inHICs are applicable to LMICs, there are

several other unanswered research questions that are specific to

LMICs (171, 172). For example, approximately 90% of cases of

esophageal cancers in high-risk populations in Asia and Africa are

squamous cell carcinomas (SCC), whereas most esophageal can-

cers in the United States and other western countries are adeno-

carcinomas (117). While smoking and excess alcohol consump-

tion are responsible for the majority of esophageal SCC in the

United States and other western countries, reasons for the high

rates of esophageal SCC inparts of Asia and sub-SaharanAfrica are

unknown (173). The incidence rate of esophageal SCC is 2–3

times lower inwomen thanmen inwestern countries, but in high-

risk populations, this cancer almost equally affects men and

women (173). There are also opportunities to identify novel risk

factors for cancers in LMICs, which may have significant public

health implications for cancer control not only in LMICs but also

in HICs. For example, Epstein–Barr virus (EBV) was the first virus

that was shown to cause human cancer based on evidence from

studies of EBV and Burkitt lymphoma in endemic areas of Africa

(174, 175). This discovery was made when the causal association

between viruses and human cancers was controversial (175), and

it has served as a catalyst for identification of other carcinogenic

human viruses. LMICs will need more international collabora-

tions and assistance to conduct cancer research and build the

required infrastructure.

Conclusions

Cancer is amajor public healthproblemamongwomen inboth

HICs and LMICs, and there are a number of effective cancer

control measures available to countries of all resource levels to

combat the growing burden of the disease. Most primary preven-

tion measures are extremely cost-effective, especially tobacco

control and vaccination, and they can also substantially reduce

the burden of some other common noncommunicable diseases

such as diabetes and cardiovascular diseases. Effective treatments

and palliative care are also needed for those who develop cancer.

However, theuse of thenewest cancer drugs and technologiesmay

not be feasible in most LMICS due to cost and infrastructure

requirements, but there are drugs and technologies that could be

adapted in a cost-effective manner to provide effective treatment

options. In addition to theseneeds, the availability of high-quality

population-based cancer registries and etiologic, health services,

and implementation research are essential for cancer control

priority setting and for determining the most effective interven-

tions in a given context. For LMICs, all of these activities may

require support and commitment from the global community.
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