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A. Future Strategies for Breast
Cancer Screening in Developing
Countries

Kevin M. Kelly and Mahesh K. Shetty

Abstract

Breast cancer is increasing 3.1 % annually. It is more deadly and more
frequent in young women in developing countries compared to young
women in the more developed countries. Important reasons for this
increased incidence and lethality are poor nutrition (leading to decreased
immunity to resist the advance of cancer), delayed access to health care,
and poor quality of care when it is finally available. Early detection of
breast cancer is the key to the control of its lethal effects. Increasing breast
health awareness and clinical breast examination are key components of a
screening program at the present time. Such a strategy is aimed at detecting
Stage I and Stage II cancers and downstaging cancers from the now preva-
lent presentation at Stage III and Stage IV. For the future, however, a low
cost methodology needs to be adopted in order to diagnose small node-
negative cancers by screening the asymptomatic population. Organized
screening mammography is not a feasible option for low and mid-resource
countries, even in the future. A combination of low prevalence and the
expensive infrastructure needed in terms of the equipment and trained
health-care professionals makes this an unrealistic option and a potential
drain and diversion of health-care funding resources in developing coun-
tries. The background of the situation that is currently in existence, prob-
lems thereof, and the potential for the use of whole breast ultrasound
screening for breast cancer is discussed in this chapter.
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Status of Breast Cancer in Low
Resource (LR) Countries

Breast cancer is a worldwide epidemic that is
increasing 3.1 % per year, almost twice as fast as
the increase in world population. Although only
about half of the breast cancer cases occur in low
resource countries, almost two thirds (63.5 %) of
these cases occur in women under the age of 50,
and almost three quarters (72.1 %) of the deaths
from breast cancer found in this younger group
occur in these developing countries [1].

Disproportionate Incidence
in Young Women

The reasons for the increased incidence of breast
cancer in younger women in LR countries and the
disproportionate increased death rate among these
women require complex explanations because of
multiple causative factors. The overall incidence of
breast cancer in the LR countries is not greater, and
often is considerably less, than the incidence in the
high resource (HR) countries. However, the inci-
dence in women under 50 years of age in the devel-
oping countries is disproportionately high, probably
for reasons discussed in the following sections.

Nutrition

The limited caloric intake of low resource women
may have differing effects on cancer rates and the
severity of cancer once established. Pre-cancer (in
situ) and probably very early invasive cancer do
not immediately establish an independent blood
supply. Until they do, these proto-cancers must
compete with the adjacent cells for nutrition. In
the environment of low nutrients found in these
women, cancer cells are at a disadvantage due to
their higher metabolic rate, necessitated by the
requirement to reproduce quickly. They may be
unable to sustain themselves in this environment
and fail to survive to establish a blood supply.
Compared to women from LR countries,
women from HR countries with surfeits of nutri-
ents form cancers which may more easily establish
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themselves, gain blood supplies, and go on to
become clinically recognized cancers. Because of
the increased sugar absorption in cancer cells, a
Westernized diet may be particularly advantageous
for cancer development [2]. This scenario may be
true in China where the breast cancer rate has
climbed greatly in the major cities over the past
two or three decades due to the improved nutrition
of these urban populations, with a diet including
more free sugar than the traditional Chinese diet
[3]. The cancer rate in the more nutritionally chal-
lenged countryside has not undergone the same
marked increase. The countryside cancer inci-
dence is less than half that of Shanghai, with the
rate of increase accelerating faster in Shanghai for
the past 30 years. The incidence of breast cancer in
the urban areas is expected to be almost quadruple
that of the countryside in 20 years [3].

The breast cancer rate will probably increase
in women in all LR countries as their average
calorie consumption increases, especially if this
increase is accompanied by a disproportionate
increase of simple sugars in the diet. At present,
although the incidence of breast cancer is lower
in LR countries, the mortality rate of these can-
cers is greater than those found in HR countries.
The reasons are multiple.

Delayed Access to Health care

Obviously, where education is minimal and med-
ical resources are scarce, cancers will be larger at
discovery. These cancers would also be expected
to be more aggressive and therefore more lethal
as they enlarge [4].

Lower Quality Treatment

The lack of radiation and chemotherapy denies
LR women any increased chance of survival once
the cancer reaches the lymph nodes.
Decreased Immunity

Another important cause of the increased lethal-
ity of breast cancer in women of LR countries is
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that the body conserves energy when the diet is
insufficient. The body is a multitasking organism,
which, during times of extreme stress, including
insufficient calories and other nutrients, will
decrease its immunological defenses against
infectious agents and cancer. Although it is more
difficult for a breast cancer to recruit a blood sup-
ply in an undernourished woman, if it does suc-
ceed, it will likely grow faster and more
aggressively than expected because of a reduced
immunological resistance from the host [5] com-
pared to women with better nutrition.

Hereditable Factors

The etiology of the majority of breast cancers is
not well understood. Some breast cancer is
clearly related to hereditary genetic defects such
as BRCAI, BRCA2, and tp53, among many
others. These genes are responsible for repair of
strands of DNA damaged by ionizing radiation,
free radicals, and other causes. If repair is
impossible, some of these genes are responsible
for the death of these damaged cells, thereby
blocking unregulated reproduction of cells—in
other words, formation of cancer [6]. However,
at all ages, only about 5-10 % of breast cancer
is explained by genetic abnormalities. The per-
centage of breast cancer related to genetic
abnormalities is greater in the young, but it is
insufficient to explain the preponderance of the
young breast cancer cases in LR counties. Also,
there is no reason to assume that the rate of
hereditable factors would be greater in LR than
in HR women.

Environmental Factors

Various environmental factors have been put
forward to explain the increasing occurrence of
breast cancer, such as exogenous estrogen, obe-
sity, smoking, second hand smoke, alcohol con-
sumption, and exposure to pesticides, but these
factors do not explain the marked disparity
between breast cancer frequency in women under
age 40 in the HR and some LR countries.

K.M. Kelly et al.
Contagion

In 1936, Bittner [7] described transmission of
breast cancer to normal mice through nursing
from a strain of mice with a strong propensity for
developing breast cancers. Once the originally
normal mice developed breast cancer from this
breastfeeding, their subsequent descendants did
also. Since viruses had not yet been described,
the etiology of this phenomenon was uncertain
until the discovery of Mouse Mammary Tumor
Virus (MMTYV) as the causative agent [8].

Although some controversy still exists, Human
Papilloma Virus, especially types 16, 18, 31, and
33, almost certainly is the underlying cause of up
to 30 % of breast cancer in some regions of the
world [9]. HPV-induced breast cancer, in the
experience of the authors and others, is more
aggressive and occurs more often in younger
women [10] than would be otherwise expected.
In the United States as in other countries, HPV
infection peaks at a young age, usually under 30
[11] (Fig. 16A.1).

In general, the nutritional state of women is
poor in LR countries relative to women from HR
countries. Access to daily bathing is also
compromised. Since HPV may persist in the pel-
vic region for many years without cancer of the
cervix, the viral load of infective virus in the pel-
vic area will be considerably greater in those
women who are able to cleanse themselves only
weekly, monthly, or less.

Since common skin warts and all other HPV's
are transmitted by an inoculum of the virus on
broken skin or a mucous membrane, once estab-
lished, the spread of the warts is by self-inocula-
tion [12]. The chance of further self-infection is
likely to be closely related to the amount of inocu-
lum delivered to the susceptible site. Unlike HPV-
induced malignancy at other sites, including
cervix, anus, mouth, and pharynx, where the HPV
is delivered to the site by and from a sexual part-
ner, HPV-induced breast cancer may result from
auto-infection through the nipple. This may occur
from transfer of the inoculum from a woman’s
own perineum to her hands or the hands of a sex-
ual partner and then to her nipple during bathing
or other touching. Such auto-infection would be
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Fig. 16A.1 Human papillomavirus—prevalence of high-
risk and low-risk types among females aged 14-59 years,
National Health and Nutrition Examination Survey,
2003-2006. HPV Human Papillomavirus. Note: Error
bars indicate 95 % confidence interval. Both high-risk
and low-risk types of HPV were detected in some females

expected to be particularly increased in young
women from LR countries who have a lowered
resistance to infection and who, because of inabil-
ity to maintain proper hygiene, would likely have
more HPV available for transfer from their
perinea. However, it is not certain if breast HPV
infection may at times be secondary to blood-
borne infection also. Pakistan has one of the high-
est rates in the world of both HPV infection and
breast cancer in young women [13]. Further clinical
research in this area is critically necessary in order
to strengthen the logical argument that these
findings are related.

Approaches to Decreasing Breast
Cancer Morbidity and Mortality

There are three levels of attack to decrease mor-
bidity and mortality: (1) prevention, (2) early dis-
covery, and (3) improved treatment. Prevention
and early discovery have the added benefit of
being sufficiently economical to be feasible in
large populations.

Age

(reprinted with permission of Oxford University Press
from Hariri S, Unger ER, Sternberg M, Dunne EF, Swan
D, Patel S et al. Prevalence of genital HPV in the among
females in the United States, the National Health and
Nutrition Examination Survey, 2003-2006. J Infect Dis
2011;204(4):566-73)

Prevention

As discussed previously, it appears that Human
Papilloma Viruses are contributing to the prob-
lem of aggressive breast cancers in young
women in LR countries. This virus may explain
most, if not all, of the disproportional occur-
rence in young women from these countries,
compared to similar women in HR countries.
This is equivalent to the disproportionate mor-
bidity and mortality of cervical cancer in LR
countries. An intensive worldwide campaign of
vaccination against HPV in all children ages
9-12, particularly girls, would significantly
reduce the death rate from breast cancer in those
women as they mature, in addition to increasing
the lives saved from prevention of cervical can-
cer. The present HPV vaccine is effective against
types 16 and 18, which are the HPV's most often
found in association with breast cancer, as well
as types 6 and 11, which cause genital and anal
warts [14]. However, other types are common in
Asia and may account for a significant number
of young women’s breast cancers in East and
Southeast Asia [15].



306

Early Detection of Breast Cancer

Present Techniques for Detection

of Breast Cancer

There are six possible methods for screening for
breast cancer: physical examination and five
imaging methods. Three of the imaging tech-
niques can be dismissed immediately for wide-
spread screening in LR countries because of
complexity and expense. MRI has no portability
and requires machinery costing many hundreds
of thousands of dollars or more. Injection of
gadolinium, an expensive rare-earth element, is
necessary for each woman screened. The likeli-
hood of performing contrast MRI for less than
$200 in the near future is nil.

There are two nuclear imaging screening tech-
niques, breast specific gamma imaging (BSGI)
and positron emission tomography (PET), which
use short-lived radioactive substances. The
expense of the machinery and the unique rapid
transportation requirements of the isotopes make
these tests impossible in countries with poor
technical infrastructures.

The three remaining breast screening methods
need to be considered.

Physical Examination

The mean diameter of cancers discovered by non-
imaging methods—including clinical breast
examination (CBE), breast self-examination
(BSE), and serendipity—is about 29 mm [16] in
high resource countries. Recently, even in HR
countries, BSE is considered not to decrease the
average size of cancer discovered [17]. There is
no study documenting the average size of breast
cancers in asymptomatic LR women who are in a
screening clinical examination program. Duffy
and colleagues [18] predicted that screening for
breast cancer with CBE alone in such a popula-
tion would lead to a 13 % reduction in node-pos-
itive cases and a 12 % reduction in breast cancer
deaths. The authors thought size reduction would
probably occur only in cancers about 3 cm or
larger because of the lack of well-trained examin-
ers. As emphasized in Chap. 4 on screening for
breast cancer, rigorous training in CBE is a key
component of success. CBEs would miss most of
the physically subtle, small cancers. Fine-needle
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aspiration (FNA) has been shown to be often over
90 % accurate in a meta-analysis [19], but many
of the studies used image guidance, which would
increase their accuracy over blind biopsy. Also,
the FNAs were presumably more accurate due to
the training and experience of the physicians per-
forming the biopsies compared with the lower
training of those doing biopsies in LR countries.
Similarly, the accurate interpretation of FNA
material is difficult, and only comes after proper
training and long experience [20].

Screening Mammography
Dr. Lazlo Tabar [21] demonstrated about a 30 %
reduction in mortality from breast cancer in the
two-county Swedish study by discovering breast
cancer two thirds smaller by volume at an average
diameter of 1.8 cm compared with the 2.6 cm
diameter average physical discovery without
mammography. While this is a very significant
decrease in mortality, it may be very difficult and
expensive to replicate these results in LR countries.
The two methods of recording mammographic
images in wide use today are film-screen mam-
mography (FSM) and digital mammography
(DM), with both imaging technologies having
significant base requirements. These two forms of
mammography require a reliable source of high
amperage and often high voltage electric current.
FSM, the cheaper and easier form, also requires a
source of clean water. DM requires a sophisticated
computer installation, expensive viewing moni-
tors, and many terabytes of data storage [22].
Mammography has some more pronounced dis-
advantages for women from low resource countries
compared to women from higher resource back-
grounds. LR women tend to be thinner and, there-
fore, more commonly have dense breasts with less
fat to contrast with the fatless cancer (Fig. 16A.2).
Up to 50 % of cancers in dense breasts will be vis-
ible by ultrasound before they are visible on annual
screening mammography [23]. Since many of the
cancers in LR women develop under the age of 40,
not only is the percentage of women with dense
breasts higher, but also routine screening mam-
mography is not recommended in women younger
than 40, partially because of the increased radio-
sensitivity of breast tissue below this age. For these
reasons, the technical challenges of mammography
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Fig. 16A.2 Left Image: Fatty
breast appearing as dark
tissue with an obvious white
sub-cm cancer; Right Image:
Mammographically occult

3 cm cancer obscured by the
bright dense breast tissue

and its expected poorer performance in the LR set-
ting compared with the HR model make it not the
first choice for screening.

Breast Cancer Screening by Ultrasound

Breast cancer incidence is expected to rise in low
and mid-resource countries in the coming decades.
While mammography is likely to remain the back-
bone of screening for early detection of breast
cancer in the developed countries, it is not a via-
ble, cost-effective option for widespread imple-
mentation in developing countries. Screening for
breast cancer using sonography may be a viable
alternative to mammography. A case for potential
use of sonography for population-based or oppor-
tunistic screening is discussed. Unlike mammog-
raphy, a mortality rate reduction from breast
cancer through the use of screening breast ultra-
sound will probably never be proven. Existing
data on the value of screening breast ultrasound
are based on studies conducted on women at
higher risk for breast cancer and almost always as
a complement to mammography.

Evidence for the use of ultrasound in breast can-
cer screening. It is neither possible nor practical

to attempt to prove a mortality rate reduction
from the use of whole breast ultrasound screen-
ing. Proof of mortality rate reduction will require
a randomized controlled clinical trial involving a
large number of women receiving screening with
the new modality, who will then have to be fol-
lowed for at least 15 years and be matched with a
control group of women who receive the current
standard care [24]. The new modality being tested
would have to show mortality rate reduction over
and above what has been achieved with screen-
ing mammography; this is unlikely to be the case
anytime in the near future [24]. The use of breast
ultrasound as a supplemental modality for breast
cancer screening has been studied in women with
dense breast tissue and in those with an elevated
risk for breast cancer [25, 26]. A systematic
search and review of studies involving mammog-
raphy and ultrasound performed for screening of
breast cancer found six cohort studies, of which
only two had follow-up on patients with negative
or benign findings. Screening ultrasound per-
formed in women with American College of
Radiology breast density types 2—4 identified pri-
marily invasive cancers in 0.32 % of women. The
mean tumor size was 9.9 mm, and 90 % of the
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cancers were node negative. Biopsy rate was high
at 2.3-4.7 %, with positive predictive value of
8.4-13.7 % for those biopsied because of an
abnormal finding on the ultrasound examination.
The added benefit of using ultrasound to screen
for breast cancers in women with a negative
mammogram might be lower in women aged
50-69 years [25]. The most notable and the largest
clinical trial of screening ultrasound to date is the
American College of Radiology Imaging Network
trial35 (ACRIN 6666). This study was a prospec-
tive multicenter trial randomized to one group
receiving ultrasound and mammographic screen-
ing and one group receiving mammographic
screening alone to compare the diagnostic yield
of performance of breast ultrasound and mam-
mography vs. mammography alone in women
with elevated risk of cancer [26]. The criteria
used in this study to determine an elevated risk
for breast cancer included a personal history of
breast cancer, prior atypical biopsy, elevated risk
based on the Gail or Claus model, or both. A stan-
dard protocol and interpretive criteria were used.
Mammography and ultrasound were performed
and read independently, allowing for reducing
potential biases in patient recruitment and inter-
pretation. Data were analyzed from 2,637 patients
who underwent imaging. Thirty-one cancers
were detected in the study group, 11.8 per 1,000
women; the increase in the cancer detection rate
because of addition of ultrasound was 4.2 per
1,000 women. The diagnostic accuracy for mam-
mography was 0.78, for ultrasound was 0.80, and
for combined mammography and ultrasound was
0.91 [26]. Ultrasound hence proved a useful sup-
plemental modality, identifying additional small
node-negative invasive cancers in this cohort of
women at an elevated risk for breast cancer [26].

Breast sonography has never been studied or
been advocated to be used as the only modality to
screen for breast cancer. There is, however, some
data from a study conducted in Japan that demon-
strated the value of sonography when used as the
only modality for screening of breast cancer in
women <40 years of age [27]. This study was
undertaken in the Ibaraki prefecture of Japan
where the breast cancer screening recommenda-
tions include performing annual screening ultra-
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sound and CBE in women of ages 30 through 56
and biannual mammography in women of ages
40 through 65. There were 12,359 women in the
age group of 30-39 years who received annual
screening breast ultrasound and did not undergo
mammographic screening. Of these, 4,501
women also received annual CBE in addition to
whole breast screening ultrasound. In young
women, i.e., younger than the age of 40 years, as
expected, the cancer yield was low, with a cancer
detection rate of 0.04-0.07 %. In those women
between the ages of 40-56 years in whom both
mammography and ultrasound were used, the
cancer detection rate ranged from 0.13 to 0.16 %
forsonography and 0.1-0.22 % formammography.
Overall, 41,653 women underwent mammogra-
phy, and 48,294 women underwent CBE and
breast ultrasound. The rate of detection of stage I
cancers was 72 % by ultrasound, 66 % by mam-
mography, and 42 % by CBE [27].

Whole breast ultrasound screening: pros and
cons. The benefits of ultrasound as a screening
modality are that it does not use ionizing radia-
tion, is well tolerated, and is optimally amenable
for percutaneous biopsy guidance. Ultrasound is
able to identify small non-palpable masses while
undeterred by presence of dense breast tissue,
which is an inherent limitation of mammography.
Compared to mammography, the initial capital
expense and resources needed to maintain equip-
ment are significantly lower; there is also no need
for stringent quality assurance and control
required at multiple stages of screen film mam-
mography, for example, training of mammogra-
phy technologists and ensuring consistency and
reproducibility in the quality of mammographic
images (dependent on a host of factors including
machine calibration, patient positioning, toler-
ance of breast compression, and the process of
film developing). Mammographic viewing
requirements, mammogram films filing, and stor-
age are additional costs to be factored in. Overall,
the cost to set up screen film mammography for
breast cancer screening is expected to be several
multiples of the costs required for breast
ultrasound. However, unlike mammography, the
vast majority of cancers that are seen on
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ultrasound are invasive cancers; DCIS is not usu-
ally identified by sonography [26]. It is debatable
whether a screening examination that identifies
small node-negative cancers is adequate or
whether detection of DCIS is a more critical
requirement of a screening test. There are limita-
tions for the use of ultrasound in screening for
breast cancer. Ultrasound has never been proved
to reduce mortality from breast cancer. Limitation
of ultrasound is the high rate of false-positive
studies; the positive predictive value in those
cases in which biopsy was performed was 8.8—
8.9 %, compared with 23 % with mammography
[26]. In this context, it is worthwhile keeping in
mind that a false-positive ultrasound might not
have the same consequence as that of a false-pos-
itive mammogram. As Kuhl points out in an
editorial, a suspicious finding on a mammogram
requires a much more expensive and time-
consuming biopsy procedure than an ultrasound-
guided core biopsy or a fine-needle aspiration
biopsy that can be performed often immediately
after the ultrasound examination [28].

The positive predictive value of screening
ultrasound is low. Of 233 women for whom
biopsy was recommended based on a suspicious
ultrasound finding, only 20 (8.6 %) were diag-
nosed with breast cancer. However, in the same
cohort, mammography, which is the accepted
standard of care for screening, had a positive pre-
dictive value of only 14.7 % (20 of 136) [26, 28].
Ultrasound has the added advantage of being able
to stage cancers by examination of bilateral axilla
in women who are diagnosed to have cancer.

Optimizing use of whole breast ultrasound screen-
ing for breast cancer. As stated previously, a basic
prerequisite for implementation of screening for
any cancer should be a high prevalence of the can-
cer being targeted. Such organized screening pro-
grams must therefore be put in place once credible
disease prevalence statistics have been established
in the region that is targeted. The success of such a
program is very dependent on the expertise of those
performing and interpreting the sonograms. In
developing countries, a cost-effective approach
would involve training technologists to perform
breast ultrasound, and, depending on available
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local resources, direct or remote supervision of
breast ultrasound exams may be performed by a
physician. Use of ultrasound has the added advan-
tage of being amenable to telemedicine consulta-
tion via web-based link to remote centers of
excellence. Training of nurses to perform ultra-
sound-guided percutaneous fine needle or core
needle biopsy is a very feasible option with oppor-
tunity for real time supervision from remote sites.
A successful 2 day training module has been estab-
lished by the Educational Committee of the Japan.
Participants are tested for ability to detect lesions
using videos and ability to characterize lesions
using static images [29]. A study compared 422
physicians and 415 technologists. Ultrasound tech-
nologists performed as well as physicians in recog-
nizing and interpreting cancers on these tests.
Using criteria described in the Chap. 4 on
screening for breast cancer, it is possible to mini-
mize the false-positive rate for biopsy of
ultrasound screen detected non-palpable solid
masses. Since ultrasound screening has never
been studied extensively as a modality by itself to
screen for breast cancer, it may very well be a
learn-as-you-go approach. A high false-positive
biopsy rate is to be expected when ultrasound is
used for routine screening. There may be ways of
mitigating this limitation. One way would be not
to biopsy non-palpable masses smaller than 1 cm
that exhibit no malignant features and instead
follow them on a yearly basis for 2 years. Another
way to minimize false positives would be to offer
annual screening ultrasound to women 50-69
years of age and biannual screening for women
40-49 years of age, since incidental benign
abnormalities are more commonly encountered
in younger women. The proposed methodology
of using whole breast ultrasound is a novel one
and its efficacy can only be validated by conduct-
ing large-scale observational studies. The aim of
screening breast ultrasound would be mainly to
identify stage I breast cancers, i.e., an invasive
breast cancer that is less than or equal to 2 cm
(T1), with no regional (axillary) lymph node
metastasis (NO) and no distant metastasis (MO).

Screening sonography (ultrasound): handheld
ultrasound  screening. Handheld ultrasound
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examinations are used in most of the world—
including Asia, Australia, South America, and
parts of Europe—as a tool for screening for breast
cancer. Handheld ultrasound has the advantages
of being portable and not requiring elaborate base
requirements as with mammography. All that is
needed is a 110 V or higher electrical supply.
However, there are significant problems in this
manner of screening. Because there is no perma-
nent record of the entire procedure, the study
must be done by a skilled reader, usually a physi-
cian, who interprets the study as she is doing it. A
less educated technician cannot be used, since
she would have to interpret the results with her
insufficient knowledge of the appearance of can-
cer. Ultrasound machines were designed for diag-
nosis rather than detection. This design prevents
optimum imaging during breast screening, which
is a pure detection task.

The ultrasound-machine monitors display
very enlarged images suitable for review one-at-
a-time for diagnostic inspection. Since the goal
of breast screening is, or at least should be, the
discovery of 5 mm or larger cancers anywhere in
either breast, the entire image on the monitor
must fit in the eye of the reader-operator during
the motion of the transducer, since a 5 mm cancer
may be anywhere in the image. While unique
images are being displayed continuously, if the
images are too magnified, eye movement will be
necessary because of the eyes’ inability to sub-
tend the entire image. Inevitably, this will result
in information being missed by the reader.
Similarly, children who sit in the front row at the
cinema think they will see better than everyone
else, but in reality they cannot see the entirety of
the images on the screen and are therefore sitting
in the worst seats in the house.

Hand scanning is usually performed too rap-
idly to allow sufficient persistence of a 5 mm
cancer for recognition on the monitor. The
magnification of the lesion also decreases its con-
trast with the surrounding normal tissue.
Typically, the contrast control on the ultrasound
machine does not allow specifically for additional
contrast in the grays between fat and cancer. If
absolutely necessary in low resource countries,
with insufficiently trained physicians or locations
so remote that a fixed site with automated
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ultrasound for screening is not possible, then an
alternative would be to simulate automated
screening as much as possible by using a modified
handheld technique. This possibility will be dis-
cussed in the recommendations that follow.

Automated whole breast ultrasound (AWBU).
AWBU [24] is designed to find small cancers and
to overcome the drawbacks of handheld screen-
ing. Although AWBU requires a fixed location
for doing the examination, the advantages,
described next, far outweigh this limitation.

The examination can be done by a minimally
trained operator, since all the images are recorded
for later review by a skilled reader, usually a phy-
sician who has been trained in breast ultrasound
evaluation. The automated computer guidance is
done by a machine (Fig. 16A.3) attached to the
transducer of the ultrasound machine, which is
detachable from the AWBU system, so that the
ultrasound unit and the room can be used for
diagnostic ultrasound of possible abnormalities
found by AWBU and other tasks when breast
screening is not being done.

The AWBU [30] system performs two of the
four functions usually done by the operator of the
ultrasound machine. The computer-driven arms
(Fig. 16A.3) regulate the position and speed of
the transducer as it passes over the breast. The
angle of incidence of the transducer, and there-
fore the ultrasound beam, is controlled by the
operator by means of a gimbal attached to the
probe arm. The free-floating probe arm also
allows the operator to apply the correct pressure
on the breast to get optimum images.

Since the aim of AWBU is to record sufficient
images for recognition of 5 mm invasive cancers
anywhere in either breast, computer control of
the gathering of the images is necessary to assure
complete coverage of the both breasts. The speed
of the transducer is synchronized to the genera-
tion of unique images, so that about 5 or 6 images
will be recorded through a 5 mm cancer any-
where in the breasts. At the proper playback
speed, the visual dwell time for a cancer this size
will be about half a second, more than enough
time for recognition of the abnormality
(Fig. 16A.4). The images are gathered in linear
rows with about 7 mm overlap of contiguous
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Fig. 16A.3 Automated
whole breast ultrasound
(AWBU) system with US
unit attached (reprinted
with permission of Elsevier
from Kelly KM, Richwald
GA. Automated whole
breast ultrasound:
advancing the performance
of breast cancer screening.
Semin Ultrasound CT MRI
2011;32:273-80)

rows (Fig. 16A.5). Because this pattern results in
the least redundancy in scanning compared with
a radial or anti-radial pattern, it is the quickest
method to obtain complete breast coverage.

Because the location of all points in a breast
can be calculated precisely relative to the nipple,
the position of any abnormality identified by
AWBU can be easily found on a later handheld
ultrasound for follow-up or biopsy. Since the
complete AWBU is stored permanently, compari-
son of a newly recognized finding with any previ-
ous examination is possible.
3D automated breast ultrasound (ABU). This
type of automated ultrasound is performed with a
single craniocaudad sweep from the subclavicu-
lar region to the inframammary fold with a 15 cm
automated transducer. The patient examination is
quicker to perform. 3D-ABU was not specifically
designed to find 5 mm cancers. It is not a whole
breast examination in that the axillary tail and
lower axilla are not visualized completely.
To obtain complete coverage, it depends on
mammography to clear those areas [31].

The piezoelectric sensors (ultrasound record-
ing elements) in a 3D-ABU 15 cm wide probe are
further apart than in a typical 5 cm high frequency

C - US Machine

D - AWBU Monitor
E - AWBU Keyboard
F - Probe Guidance

G - Patient Bed

transducer. The 2D-ABU images, which are used
for the 3D reconstructions, are almost three times
further apart than AWBU images, 2.3 mm v 0.8 mm.
Both of these factors reduce the sharpness and
conspicuousness of small masses in the image
stream or ciné. The ABU requires a sophisticated
work station for 3D reconstructions. The file size
of about 1 GB requires more expensive computer
hardware to display and store these files. AWBU
files are usually between 1/10 and 1/6 the size of
the 3D-ABU files. At this time, there are no pub-
lished, peer-reviewed, and multi-institutional
studies of 3D-ABU. Consequently, the clinical
results with this method are uncertain and are not
comparable to AWBU.

Results of handheld and AWBU screening. There
have been two large multi-institutional, published,
peer-reviewed breast ultrasound screening studies
performed, one handheld (ACRIN 6666) [26] and
the other automated [23] (Table 16A.1). The hand-
held examinations were performed and read by
academic radiologists specializing in breast imag-
ing. The subjects in this study were all at high risk
for breast cancer. Over half of these women had
breast cancer previously. Of the cancers found,
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Fig. 16A.4 Sequential images through a 4 mm invasive lobular carcinoma

ROW

Fig. 16A.5 Contiguous craniocaudad rows with 800 um
image spacing and 7 mm overlap (reprinted with permission
of Elsevier from Kelly KM, Richwald GA. Automated whole
breast ultrasound: advancing the performance of breast can-
cer screening. Semin Ultrasound CT MRI 2011;32:273-80)

the authors did not state how many of the cancer
recurrences were at or near the original surgery
site. The cancers in the area of the previous cancer,
although counted as screening discoveries, are, in
another sense, not truly screening discoveries,
since the locations of the scars are known and these
areas will be explored more thoroughly as an area
of great interest, as opposed to the rest of the breast
tissue. The radiologists did well. They found 55 %
more invasive breast cancers than mammography
alone. The average diameter of the cancers was
1.2 mm. The average time to complete the scan
was 19 min. Obviously, the radiologist must be
available when the patient is present. A person of
less training cannot do the scan because the detec-
tion of cancer occurs during scanning. If a technolo-
gist or a technician does not detect the cancer, it
will not be in the images given to the radiologist.
Also, the viewing at the bedside of a highly
magnified image is not ideal for recognition of
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Table 16A.1 Comparison of ACRIN6666 Handheld Screening US Study [25] and AWBU Study [24]

Handheld
Feature/finding Total BC DCIS
Sites 21
‘Women 2,809
Mammogram—US pair 2,809
Dates 4/04-2/06
Digital—film screen (%) 35 65
Radiologist time 19 min average
Not high risk (%) 0
Previous cancer (%) 53
Other high risk (%) 47
Fat/mixed—dense/ED (%) 13 87
Total BC-DCIS-IBC 40, 100 % 6,15 %
Mammo visible 19,48 % 5,83 %
US visible 20, 50 % 1,17 %
Both visible 31,78 % 0,0 %
Neither visible 9,23 % 0,0 %
IBC <1 cm only on US % 6 18 %
All biopsy PPV 31/306 10 %
Mammo + biopsy PPV 20/136 15 %
US +biopsy PPV 20/233 9 %
Both +biopsy PPV Not reported -

313

Automated
IBC Total BC DCIS IBC

8

4,419

6,425

1/03-7/07

36 64

5-7 min

29

10

61

32 68
34,85 % 57, 100 % 7,12 % 50, 88 %
14,41 % 23, 40 % 6, 86 % 17,34 %
19, 56 % 38,67 % 3,43 % 35,70 %
11,32 % 18,32 % 2,29 % 13,26 %
9,26 % 11,19 % 0,0 % 11,22 %

14 28 %

46/134 34 %

23/59 39 %

38/99 38 %

15/24 63 %

Data from Elmore JG, Armstrong K, Lehman CD et al. Screening for breast cancer. JAMA 2005;293:1245-56;
Nothacker M, Duda V, Hahn M et al. Early detection of breast cancer: benefits and risks of supplemental breast ultra-
sound in asymptomatic women with mammographically dense breast tissue: A systematic review. BMC Cancer

2009;9:1-9

AWBU automated whole breast ultrasound; BC breast cancer; DCIS ductal carcinoma in situ; ED extremely dense; /BC
invasive breast cancer; Mammo mammography; PPV positive predictive value; US ultrasound; + positive

abnormalities. Interaction with the patient and the
ultrasound machine are distracting. The proper
transducer speed for identification of a 5 mm
abnormality is about ¥2cm per second. Handheld
scanning is much faster and allows less than the
Y55 mnecessary to recognize this size cancer.
Unfortunately, the biopsy PPV for cancer was only
9 %, considerably less than what is customary in
most major breast centers in the United States.
Although not stated in the ACRIN article, there are
probably two reasons for this low PPV.

All the women in the study were either at high
risk for developing or already had had breast can-
cer, and they were understandably worried about
developing another one. These women knew that
the radiologists scanning them were the decision
makers. It is my supposition that, during the
scans, the radiologists might have stopped to look
at difficult areas of breast tissue to clear them,

and the women would notice and immediately
ask “Can you biopsy this?” before the radiologist
was even certain there was a true abnormality
present. Once the biopsy question arises, it is
hard to dissuade the nervous patient. These radi-
ologists were not used to being put in this posi-
tion, since they were not screening patients in
their daily practice.

However, with screening mammography and
diagnostic ultrasound, the radiologist has time to
evaluate the imaging studies and formulate a plan
before speaking to the patient. Consequently,
with experience, the PPV of biopsy for screening
ultrasound findings should be similar to the
departmental PPV for diagnostic evaluation of
breast abnormalities found mammographically
or physically.

The AWBU study published in European
Radiology in 2010 [23] found that the number of
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Table 16A.2 Comparison of cancer diameters, volumes, doublings, and estimated 20-year survival among physical,

mammographic, handheld ultrasound, and AWBU

Estimated Estimated
Diameter Estimated Relative doublings 20-year
Mode of discovery (cm) volume (cc) volume v AWBU survival (%)
LR presentation 4 333 64x 6 38
HR presentation 2.6 9.14 17.6x 4.1 72
Screening mammography 1.8 3.0 5.8% 2.5 81
Handheld screening US 1.2 0.90 1.7x 0.77 93
AWBU 1.0 0.52 1x 0 95

LR presentation assumes no radiation or chemical therapy available
AWBU automated whole breast ultrasound; LR low resource; HR high resource; US ultrasound
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Fig. 16A.6 Survival of 2,294 invasive breast cancer cases
by tumor size (reprinted with permission of Wiley from
Duffy SW, Tabar L, Vitak B, Warwick J. Tumor Size and

cancers doubled and the number of 1 cm or less
invasive cancers tripled from 7 to 21 when AWBU
was added to mammography. The cancers found
by AWBU average 1.0 cm compared with hand-
held ultrasound’s average diameter of 1.2 cm, a
three quarter larger volume (Table 16A.2). Dufty
and colleagues [18] estimated that only about
10 % of women with breast cancers presenting up
to 1.4 cm would die of their disease within 20
years (Fig. 16A.6). An advantage of AWBU is
that the examinations, if done efficiently, can be
conducted by lower trained personnel in about
15 min. Subsequent reading time by physicians
trained in breast imaging is about 5—7 min [23].

breast cancer detection: What might be the effect of a less
sensitive screening tool than mammography? Breast J
2006;12 Suppl 1:S91-5)

Recommendations for Early Detection
of Breast Cancer in LR Countries

Of the three possible methods of breast screen-
ing—clinical breast examination, screening
mammography, and screening ultrasound—ultra-
sound will generally find cancers small enough
that they may be cured by surgery alone, without
radiation or chemotherapy, at a considerably less
cost than screening mammography. This is an
important consideration, since the LR countries
have no practical way of obtaining significant
amounts of these treatment modalities in the fore-
seeable future.
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Fig.16A.7 Schematic of a Central Regional Breast Center with a variable number of Satellite Breast Screening Centers

using automated whole breast ultrasound

Mass Screening with Automated Whole
Breast Ultrasound

In LR countries, maximum throughput will be
important to minimize costs. AWBU will outper-
form handheld ultrasound, since the operator can
be a lower skilled worker than the reader of the
examination. The operator will be able to per-
form about four procedures an hour. A proficient
reader can read about ten studies an hour, but will
probably need to switch off about every 2 h to
other less visually intensive tasks, such as diag-
nostic ultrasound or ultrasound-guided biopsies.
If done efficiently, the AWBU procedure can be
performed in about 15 min. Operating 6 days a
week and 10 h a day, about 12,500 examinations
could be performed annually per AWBU unit and
ultrasound machine. If the prevalence of ultra-
sound-discoverable breast cancer were as high as
the United States (6 per thousand) [23], as many
as 60 cancers would be found the first year and
probably 30 in the subsequent biannual rounds.
In the United States, the annual incidence rate of
breast cancer is about 0.3 % found at annual
mammography. In China, the incidence rate
appears to be about one-fourth that of the United

States, but in the major cities the rate is rising and
now may be nearly half the US rate. In that case,
about 15 cancers would be found both in the first
year and each succeeding biannual examination
by each AWBU unit. The death rate from breast
cancer over the next 20 years for women whose
cancers were found at less than 1.5 cm would be
about 10 %, compared to 40 % for cancers other-
wise found. Although some uncertainty exists,
probably beginning with the second round of
screening 80 % of the cancers could be identified
when they are less than 1.5 cm.

For a country with a high population density
and a highly organized health-care system, the
most efficient method for breast screening would
be regional breast centers (Fig. 16A.7) distrib-
uted geographically throughout the country.
Each regional center would be the diagnostic
and treatment center for that geographic area. It
would be staffed by radiologists reading the
ABWUs done at multiple satellite screening
centers throughout the geographic area as well
as evaluating and needle-biopsing discovered
abnormalities. The center’s surgeons would per-
form lumpectomies or mastectomies on the
women with cancer. The staff at the satellite
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screening centers would perform the AWBU
examinations and transmit the data electroni-
cally or physically to the regional breast center
for interpretation. The operators of AWBU
equipment would need only minimal training. If
each satellite breast center had four AWBU
units, it would examine about 100,000 women
each year. If the women had examinations every
other year, 200,000 eligible women would be
screened. Given that half the population is male
and about half the female population is not
between the ages of 35 and 75, with a compli-
ance rate of 80 %, each satellite screening center
could serve a general population of 1,000,000.

If each regional center had ten satellite cen-
ters, the center would read about 1,000,000
AWBUSs annually and serve a base population of
10,000,000. As an example, for China to screen
the entire country in this manner, it would have to
create 130 regional centers to serve a population
of 1.3 billion, of which 260 million would receive
an AWBU biannually. In 2008, the annual num-
ber of new breast cancers in China was about
169,500 [32]. The increase of population plus the
increase of the breast cancer rate are estimated at
about 4.5 %, which, compounded over 4 years to
2012, would suggest that the number of cancers
found in 2012 will be 203,400.

The estimate of 52,800 deaths for this year
will underestimate the 20-year cumulative deaths
for cancers discovered this year because 52,800
deaths are from cancers that were found any-
where from 1 to 20 years before, when the annual
numbers of cancers were considerably smaller.
Truer estimated 20-year mortality would be
based on the average diameter of the cancer at
discovery, probably about 3.0 cm for China.
Using Dr. Tabar’s 20-year longevity data
(Fig. 16A.6), 40 % (81,360) of the 203,400
women learning they have breast cancer this
year will die of this disease within 20 years if no
effort at screening is made. Assuming 80 % bian-
nual attendance of the eligible women at AWBU
screening and that 80 % of the cancers are found
at 1.4 cm diameter or less in these women, the
death rate at 20 years would be reduced in those
women from 40 to 10 %, since almost all these

K.M. Kelly et al.

sonographically found cancers would be stage 1
with no lymph node involvement. Of the 130,176
women with cancers found at this size, 13,028
would be expected to die of breast cancer in 20
years. The other 20 % of attendees’ cancers
(32,544) would be found smaller than without
AWBU, at probably 1.5-3 cm in diameter, with
20 % mortality expected at 20 years instead of
40 % (6,509). Obviously, the 20 %, who were
non-attendees (40,680) and did not have their
biannual AWBU screens would ultimately have
a 20-year mortality rate of about 40 % (16,272).
The overall result would be that instead of 81,360
women dying of their breast cancers within 20
years, only 36,809 would die and 55 % (44,551
women) would be saved. If 100 % attendance
were achievable, theoretically the 20-year mor-
tality would drop under 25,000.

Handheld Ultrasound Screening

In countries where there are not sufficient trained
physicians for centralized reading of AWBUs or
where transportation is not available to bring
women to a screening facility or where there is
inadequate governmental organization and/or
funding to set up such facilities, handheld ultra-
sound screening remains a less efficient and less
accurate option. To overcome the problems with
handheld screening in the past, the technique had
to be modified to mimic AWBU. The scanning
must be done methodically and slowly so that
sub-centimeter cancers can be seen. The rate of
movement of the transducer must be approxi-
mately 1 cm per second. The operator should not
interact with the woman during the scan so as not
to be distracted. Any discussion should be done
before or after the scan. The screening should be
done in a fixed grid, radial, or anti-radial pattern
(Fig. 16A.8) so that all the tissue is seen well
once. Repetition only serves to increase the time
of the scan and to put pressure on the operator to
scan faster. With the least overlap, the grid pattern
is the quickest and the easiest to learn. The retro-
areolar areas and the axillae should be examined
separately. Any area in question should be marked
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Fig. 16A.8 Grid; slightly overlapping craniocaudad rows
from the infraclavicular line to the inframammary fold; cir-
cular: series of overlapping circles surrounding the nipple;
radial: radial scans extending from the periphery of the

on the skin and examined as a diagnostic study at
the end of the screening study so as to not interrupt
the screening examination. Depending on breast
size, the handheld screening examination will
require between 10 and 20 min.

Clearly, the personnel performing the screen-
ing will need considerable training, which will
take between 3 and 6 months. The personnel
should be female, since the testing is being done
away from a clinical setting. Because the opera-
tor is travelling to the women to be screened, any
other testing necessary, such as Pap smears,
should be done at the same time. These women
also need to be able to recognize abnormal breast
findings. This requires intensive instruction on
how cancer appears sonographically. Fortunately,
there are teaching cines that may be available from
AWBU sites that simulate handheld scanning.
Any country planning on implementation of such
a program must be committed to the training and
oversight that would be necessary.

Because of the difficulty of bringing women
with any findings to a medical facility, the techni-
cian must be able to determine if the woman has
cancer. Consequently, the technician will need to
be able to do an ultrasound directed 14g needle
biopsy or at least a FNA. In order to do either of
these tests, the technicians need to learn basic
sterile technique and limited local anatomy.

breast to the nipple (modified with permission of Elsevier
from Kelly KM, Richwald GA. Automated whole breast
ultrasound: advancing the performance of breast cancer
screening. Semin Ultrasound CT MRI 2011;32:273-80)

The advantage of a FNA is that it is safer
and cheaper than a core needle biopsy, but it is
more difficult to obtain a satisfactory specimen
and to preserve the specimen correctly. The
evaluation of the specimen requires an experi-
enced cytologist, who may not be available in
a very low resource setting. A 14 or a 16g
biopsy delivers a better and more accurate
specimen. It requires only immersion in forma-
lin for preservation. It is more easily evaluated
by a hospital pathologist, even in LR countries.
However, the biopsy must be performed in a
safe manner and is less forgiving of errors in
technique. A disposable 14g needle is only a
few dollars when used with a non-disposable
spring-loaded gun.

Improved Therapy for Breast Cancer

Clearly, low resource countries are woefully
lacking as regards the relatively recent advances
in radiation and chemotherapy. Education of the
medical providers and technical infrastructure is
minimal in those countries. In the few places that
they do exist to some degree, they are usually
restricted to the influential and wealthy. What
little capital is available is better spent on preven-
tion and early detection.
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Conclusion

Although in most developing countries there is
minimal funding for programs to mitigate the
effect of breast cancer, particularly in young
women, early detection by sonographic discov-
ery while the cancers are small enough that sur-
vival is highly probable even without radiation or
chemotherapy is a feasible strategy for the future.
Implementation of a HPV vaccination program
would markedly lower the future incidence of
cervical cancer in the young women who received
their immunizations in their pre- and early teens.
An unexpected bonus from a vaccination pro-
gram may be a significant reduction of the dis-
proportional incidence of breast cancers expected
in these young women. Whole breast ultrasound
may be a cost-effective alternative to organized
screening mammography in view of lower preva-
lence of the target cancer and the massive invest-
ment in infrastructure and health-care personnel
that would be required to implement a mammo-
graphic screening program. Unlike mammogra-
phy, screening using sonography will aim to
identify Stage I cancers; mortality rate reduction
is unlikely to be ever proved with use of sonogra-
phy. Use of sonography will need to be validated
by undertaking observational studies in a large
cohort of asymptomatic women. If the one draw-
back of the expected higher false positive rate
with use of ultrasound can be overcome, sonog-
raphy may very well prove to be a feasible low
cost alternate to screening for breast cancer in
developing countries.
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B. Future Strategies for Cervical
Cancer Prevention in Developing
Countries: HPV Vaccine and Its
Implementation Around the World

José Humberto Tavares Guerreiro Fregnani

Abstract

Cervical cancer prevention is a feasible option to control cervical cancer
in low resource countries. In this chapter, the etio-pathogenesis of cervical
cancer is presented. The types and role of HPV vaccine in cervical cancer
prevention are discussed. The future strategy in preventing cervical cancer
screening utilizing HPV cervical cancer vaccine is outlined.

Introduction

The human papillomavirus (HPV) infection is the
most common sexually transmitted disease [1, 2].
According to the World Health Organization,
there are approximately 440 million people
affected by genital HPV infection around the
world [3]. Among all diseases that HPV may
cause, the one that has the greatest impact to pub-
lic health is cervical cancer. Almost half a million
cases globally are recorded annually, and 85 % of
all the cases occur in developing countries. The
highest incidences of the disease are recorded in
Latin America, the Caribbean, Sub-Saharan and
South Africa, and Southeast Asia [4, 5]. The World
Health Organization estimates that cervical can-
cer cases will increase significantly in the coming
years if no additional measures are taken, estimat-
ing that in the year 2030 around 775,000 new
cases and 440,000 deaths will be recorded as a
result of such tumors [6].

High-risk HPVs are not only linked to cervical
cancer, but also to other types of cancer such as

vulva, vagina, penis, anal canal, mouth, and
oropharynx [7, 8]. However, even viruses
considered to be “low risk” have some carcino-
genic potential, although it is less common to see
cancer caused by such viruses [9].

The Papanicolaou test, introduced in the 1950s
as a cervical cancer screening method, is tradi-
tionally considered an example of a successful
strategy for secondary prevention of cancer.
Several countries reported dramatic reductions in
the incidence and mortality coefficients due to
cervical cancer after its implementation. But this
phenomenon was observed especially in devel-
oped countries. In developing countries, cervical
cancer screening programs did not present good
results due to the low coverage offered by the
Pap smear exam, poor quality of the cytological
exam, and difficulty in getting access to health
services [10]. These data justify the need for the
incorporation of new strategies in the fight against
cervical cancer.

One such strategy would be the use of an
HPYV vaccine in the primary prevention of cervi-
cal cancer. According to a manifesto by the
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World Health Organization in 2009: “...routine
HPYV vaccination should be included in national
immunization programs, provided that preven-
tion of cervical cancer or other HPV-related dis-
eases, or both, constitutes a public health
priority; vaccine introduction is programmati-
cally feasible; sustainable financing can be
secured; and the cost effectiveness of vaccina-
tion strategies in the country or region is consid-
ered” [11].

However, critics argue that there is not enough
evidence to conclude that the HPV vaccine will
bring an effective reduction in the incidence of
and mortality caused by cervical cancer. In order
to achieve that, a period of 20-30 years would be
necessary, since cervical cancer has a long natu-
ral history. Nevertheless, data from the Australian
HPV vaccination program reinforce the idea that
the HPV vaccine can be a tool for the primary
prevention of cervical cancer. Brotherton and
colleagues [12] showed a significant reduction in
the incidence of high-grade cervical cytological
abnormality in young Australian women. Since
the natural history of cervical cancer is well
known, one could infer that the reduction in the
incidence of precursor lesions in cervical cancer
will have a direct impact on the incidence of cer-
vical cancer in the future. It is estimated that the
HPV vaccine may reduce by 80 % the chance of
cervical cancer developing during a woman’s
lifetime [11].
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HPV Vaccines

Currently, there are two versions of the HPV
vaccine, both of them developed with recombinant
technology. They do not carry a live or attenuated
virus or genetic material; therefore, they are not able
to induce infection. Vaccines are comprised of VLP
(virus-like particle), a particle similar to the virus
capsid from the structural point of view [8, 13]. The
quadrivalent vaccine (Gardasil® or Silgard®, Merck
& Co, Whitehouse Station, NJ) protects against
viruses 6, 11, 16, and 18, and the bivalent vaccine
(Cervarix®, GlaxoSmithKline, London, UK) protects
against viruses 16 and 18. One should remember that
70 % of cervical carcinomas are caused by types 16
and 18, and 90 % of genital warts by types 6 and 11.
Both vaccines must be administered intramuscularly
in three doses during a period of 6 months. The
recommendation for the quadrivalent vaccine is that
the second dose should be administered 2 months
after the first dose and the third dose be administered
sixth months after the initial vaccination. For the
bivalent vaccine, the second dose is recommended 1
month after the initial dose. The current indication on
the use of bivalent and quadrivalent vaccines approved
by the Food and Drug Administration (FDA) is
shown on Table 16B.1 [14].

There are no doubts regarding the safety of the
bivalent and quadrivalent vaccines or their effec-
tiveness in the prevention of precursor lesions of

Table 16B.1 Indication of the use of bivalent and quadrivalent vaccines according to US-FDA approval

Prevention of

Genital cancer caused by HPV types 16 and 18

Cervical intraepithelial neoplasia (CIN) grade 2/3
Cervical adenocarcinoma in situ (AIS)

Cervical intraepithelial neoplasia (CIN) grade 1

Vulvar intraepithelial neoplasia (VIN) grade 2 and grade 3

Vaginal intraepithelial neoplasia (VaIN) grade 2 and grade 3
Genital warts (condyloma acuminata) caused by HPV types 6 and 11

Target age

Bivalent Quadrivalent

Yes (cervical Yes (cervical, vulvar,

cancer) and vaginal cancer)
Yes Yes
Yes Yes
Yes Yes
No Yes
No Yes
No Yes (girls and boys)

9-26 years of age 9-25 years of age

Data from FDA. Vaccines, Blood & Biologics. Vaccines. Approved products FDA; 2012 [cited 2012, Jul 20]. Available
from: http://www.fda.gov/BiologicsBlood Vaccines/Vaccines/ApprovedProducts/ucm172678.htm


http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm172678.htm
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cervical cancer [15-21]. The effectiveness of the
vaccine is close to 100 % for the prevention of cer-
vical intraepithelial lesions, and, in the case of qua-
drivalent vaccine, it also protects condyloma,
vulvar, and vaginal intraepithelial lesions. The
effectiveness of the quadrivalent vaccine decreases
if women had a previous or have an infection by
HPV at the time of vaccination [7]. Vaccines must
be used only with a prophylactic intent, with no
indication of treatment in cases of already estab-
lished HPV-induced lesions [8]. Vaccines decrease
the risk of precursor lesions, but they do not elimi-
nate completely this risk since immunization does
not cover all types of high-risk HPV. Thus, cervical
cancer prevention by way of a Pap smear examina-
tion is still necessary even for those women that
have been previously vaccinated for HPV [13].

Bivalent and quadrivalent vaccines have
already been approved for use in more than 100
countries. However, not all countries included
them in their public immunization program.
Besides having questions about the best method
of implementation, the cost of the vaccines itself
is a relevant barrier for several countries, espe-
cially for low-income countries. Table 16B.2
highlights countries with national funding pro-
grams through mid-2012.

Vaccination Strategy

One of the challenges to be overcome in HPV
immunization programs is the age group that will
receive the vaccine: teenagers. It is common
knowledge that teenagers, especially the older
ones, are less receptive and less adherent to vac-
cination programs. In the United States, for
example, the overall coverage rate in 2009 among
teenagers ranging from 13 to 17 was approxi-
mately 50 % for boys and 33 % for girls [22].
Currently, the discussion focuses on what
would be the best strategy for the vaccination of
teenagers: a school-based approach or one based
on the health system. The European Centre for
Disease Prevention and Control declared that
school-based immunization: “...is likely to be
the lowest cost option for the delivery of human
papillomavirus (HPV) vaccines to preadolescent
girls. However, local issues, such as whether
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Table 16B.2 Countries with public funding programs
for HPV vaccines®

North America Canada
United States
Mexico

Caribbean & Central America Panama

Puerto Rico
South America Argentina
Guyana
Middle East & Africa Kuwait
Lesotho
United Arab Emirates
Asia Pacific Australia
Japan
Malaysia
New Zealand
Europe Austria
Belgium
Bulgaria
Czech Republic
Denmark
France
Germany
Greece
Iceland
Ireland
Italy
Latvia
Luxemburg
Macedonia
Netherland
Norway
Portugal
Romania
Slovenia
Spain
Sweden
Switzerland
United Kingdom®
“Last update: July 2012
°As of September 2012, bivalent vaccine was replaced by
quadrivalent in the United Kingdom [14, 41]

school-based health services exist, funding
arrangements for vaccine purchase and adminis-
tration and obtaining parental consent may affect
the feasibility of this approach” [23]. Regarding
the immunization programs based on the health
system, they considered that “a universally avail-
able additional or alternative option for HPV vac-
cine delivery. This may be more expensive than
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Table 16B.3 Data from the Australian HPV vaccination program (school- and community-based)

School-based (%)

Age 12-13 14-15°
Dose 1 83 84
Dose 2 80 79
Dose 3 73 72

Community-based (%)

16-17 18-19° 20-26°
81 64 52
75 53 42
66 38 30

Adapted with permission of the Australian Government from Immunise Australia Program. Human
Papillomavirus (HPV). Information about the National Human Papillomavirus (HPV) Vaccination
Program funded under the Immunise Australia Program: Australian Government. Department of
Health and Aging. 2011 (updated Apr 04, 2011; cited 2012 Jun 30, 2012); Available from: http://www.
immunise.health.gov.au/internet/immunise/publishing.nsf/Content/immunise-hpv#figure 2

4Catch-up vaccination programs were extended only up to December 2009

school-based immunization and monitoring of
vaccine uptake may be more difficult here” [23].
It may be that no one single vaccination strat-
egy is better than the other, but one strategy could
be more adequate than the other according to each
individual regional reality. The available literature
provides examples of public HPV immunization
programs that both succeeded and failed when
each of the immunization strategies was applied.

Australia

The first country in the world to establish a national
public HPV immunization program was Australia.
In April 2007, they started the regular school-based
vaccination program targeting girls aged 12-13.
However, two other catch-up programs ran only up
to December 2009, one of them being school-based
and the other community-based. Women up to 17
years of age were vaccinated in schools, and older
women or women who missed vaccination at
school were vaccinated at community health agen-
cies [24]. This particular program determined rela-
tively high coverage rates for the school-based
program [25]. The data presented by the Australian
government may be seen on Table 16B.3. As of
2013, boys aged 12—13 will also be included in the
school-based vaccination program.

Europe
Austria was one of the first countries in the world

to have national immunization recommendation
against HPV. Despite being the first country with

regard to the recommendation, the country itself
has never had a public policy for funding the vac-
cine. On the other hand, the majority of the
European Community countries currently count
on government funding for the HPV vaccine [26].
Different vaccination strategies were adopted in
Europe, with considerable variation regarding tar-
geted age groups, catch-up programs, and type of
vaccine. There is also a considerable variation in
relation to the vaccine delivery, where the major-
ity of programs are based on the health system
(public or private). Few European countries
adopted the school-based strategy for their vacci-
nation programs. Table 16B.4 displays a summary
of several European HPV vaccination programs.

In most European countries where the vaccine
is given on demand, the general vaccine coverage
rates are invariably lower than 90 %. In some
countries, such as Belgium, the Netherlands,
Germany, France, Norway, and Luxemburg, cov-
erage rates are near or lower than 50 % [14, 26].
A few of the nonschool-based programs, such as
the one in Denmark, reached higher coverage
rates; the rate reached 80 % for the first dose of
the vaccine for 12-year-old girls.

The Americas

Although the HPV vaccine has largely been
approved for use in the United States and in the
Caribbean, very few countries within this
region have adopted public funding policies as
of mid-2012, namely, United States, Canada,
Mexico, Panama, Argentina, Puerto Rico, and
the Guyana.


http://www.immunise.health.gov.au/internet/immunise/publishing.nsf/Content/immunise-hpv#figure%202
http://www.immunise.health.gov.au/internet/immunise/publishing.nsf/Content/immunise-hpv#figure%202
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In the United States, bivalent and quadrivalent
vaccines were approved for use in 2006 and 2009,
respectively [14]. Currently, the country does not
present a public funding program for the immuni-
zation of uninsured woman aged 21 or older. It is
worth mentioning that, in the United States, 13 %
of women between ages 9 and 18 and 27 % of
those aged 19-26 are uninsured [27]. Uninsured
girls up to the age of 18 benefit from the Vaccines
for Children (VFC) Program [28]. This is a fed-
eral program that finances vaccines approved by
the ACIP (Advisory Committee on Immunization
Practices). Through this program, the CDC
(Centers for Disease Control and Prevention)
buys the vaccine directly from the manufacturer
and distributes them to state health departments
and public health agencies, which transfer the
vaccines, at no cost, to public health clinics and to
physicians’ offices [29]. There are three additional
public financing programs for women or girls
who do not benefit from the VFC, namely,
Immunization Grant Program, Medicaid, and
State Children’s Health Insurance Program [28].
In spite of these public immunization funding
programs, the HPV vaccine coverage rate for one
or more doses is only 45 % among North American
girls [22]. It is worth mentioning that none of the
described programs has a school-based approach.

In Canada, the quadrivalent vaccine was
approved in July 2006 for women aged 9-26. The
approval for the bivalent vaccine occurred in
February 2010, for women aged 10-25. In an
unprecedented way, in April 2011, Canada
approved the quadrivalent vaccine for women up
to 45 years of age, and in May 2011, the use of the
quadrivalent vaccine for men aged 9-26 was
approved [7]. In 2007, the Canadian government
expended about 300 million dollars to provinces
and territories as an incentive for an HPV national
immunization program [30]. All provinces and
territories have introduced HPV vaccine programs
for adolescent girls into their immunization sched-
ules since 2008. Noteworthy is the fact that each
province/territory has its own HPV immunization
program, but, in all those programs, vaccines are
provided free of charge to girls through school-
based clinics administered by local public health
units [7]. Table 16B.5 shows the summary of HPV
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Table 16B.5 Characteristics of the HPV immunization
programs in Canada

Year of

Province/ imple- Routine  Catch-up

territory mentation  schedule program

British Columbia 2008 Grade 6 Grade 9

Alberta 2008 Grade 5 Grade 9

Saskatchewan 2008 Grade 6  Grade 7

Manitoba 2008 Grade 6 -

Ontario 2007 Grade 8 -

Quebec 2008 Grade 4*  9-17 years/
grade 9

New Brunswick 2008 Grade 7  Grade 8

Nova Scotia 2007 Grade 7  Grade 8/
grade 10

Prince Edward 2007 Grade 6  Grade 9

Island

Newfoundland 2007 Grade 6  Grade 9

and Labrador

Northwest 2009 Grade 4  Grades

Territories 9-12

Yukon 2009 Grade 6 Grades 7-8

Nunavut 2010 Grade 6 -

Adapted with permission from Update on Human

Papillomavirus (HPV) Vaccines. CCDR (Canada

Communicable Disease Report) 2012;38:1-62
“Two doses in grade 4 and a third dose in Grade 9

immunization programs in Canada. During the
first year of the immunization program, coverage
rates were variable: Newfoundland (85 %),
Ontario (53 %), and Quebec (84 % for grade 4
and 87 % for grade 9). The coverage rate for the
Atlantic provinces was approximately 80 % [31].

In Latin America, information regarding HPV
vaccination is still insufficient. As of mid-2012,
only Mexico, Panama, and Argentina had imple-
mented HPV public immunization programs. Of
these countries, only Mexico showed data pub-
lished about the HPV immunization program.
The Mexican HPV vaccination program deserves
mention because of the way it was implemented.
In Mexico, the vaccine was approved for use in
2008. The HPV public immunization program
did not cover the whole territory initially but only
cities displaying the lowest human development
index. This represented only 5 % of country’s
population. This program achieved a coverage
rate of 85 % for the first dose in girls aged 9-12
(2009). In 2011, the Mexican government
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expanded the vaccination program to the entire
country and included a school-based vaccination
strategy for 9-year-old girls [32].

Until mid-2012, Brazil, the largest country in
Latin America, had not implemented a public
immunization program. Although quadrivalent
and bivalent vaccines have been approved in
Brazil in 2006 and 2008, respectively, at that time,
both vaccines were available only in the private
sphere. Nevertheless, a few municipalities by
local political decision decided to offer the HPV
vaccine for free. This was the case in Sdo Francisco
do Conde (BA), Campos de Goitacazes (RJ),
Araraquara (SP), and Itu (SP). The first two
municipal districts followed a school-based strat-
egy, while the latter two opted for a local public
health system strategy. None of these programs
have data published regarding the coverage rates.

Barretos, a small Brazilian municipal district
located in the state of Sao Paulo (southeast region
of Brazil), recently participated in a school-based
HPYV vaccination demonstrative study. The study
was designed and carried out by the Barretos
Cancer Hospital, and it included girls attending
sixth and seventh grades (average age: 12) enrolled
in public and private schools in the city. From a
total of 1,513 candidates for the immunization
program, parents or legal guardians of 1,389 kids
accepted participation for their girls in the program
(91.8 % acceptance rate). The main reason reported
by parents or guardians for refusing to participate
was the fear of adverse events caused by the vac-
cine. The study confirmed high coverage rates for
the three doses: 87.5 % (first dose), 86.3 % (sec-
ond dose), and 85.0 % (third dose) (author’s per-
sonal information). Peru also performed a
demonstrative study involving a school-based vac-
cination strategy. This study involved approxi-
mately 8,000 girls attending the fifth grade and
achieved a 88.9 % vaccination-coverage rate [33].

Funding for Vaccination Programs
in Developing Countries

One of the main problems related to the HPV
vaccine in developing countries is the cost of the
vaccines. Mathematical models suggest that the
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HPV vaccine would be cost effective in low- and
middle-income countries only if the three doses
of the vaccine had a maximum cost of US$25
[11]. Considering that each dose of the vaccine
has an average cost of U$120 [1], the magnitude
of the problem can be appreciated. It is estimated
that there are approximately 52 million 11-year-
old girl candidates for HPV in developing coun-
tries and about seven million in developed
countries [34]. Thus, low-income and many mid-
dle-income countries will have trouble imple-
menting the HPV vaccine in the absence of a
supporting funding program [29].

The main supporting funding programs cur-
rently available for the HPV vaccine are the ones
described in the next sections.

GAVI Alliance (Global Alliance
for Vaccines and Immunization)

Founded in 2000, this alliance is a public—private
partnership with a global sphere of action whose
main goal is to promote health through access to
vaccines in countries that have low economic
resources. Only countries with a gross national
income lower than or equal to US$1,520 in 2009
(by the World Bank’s classification) are currently
candidates for GAVI’s programs. According to
such criteria, there are currently 57 GAVI-eligible
countries (Table 16B.6). The alliance is comprised
of members from the World Health Organization,
UNICEEF, the World Bank, pharmaceutical indus-
tries, research agencies, civil society, the Bill and
Melinda Gates Foundation, the International
Finance Facility for Immunization, in addition to
developing country governments and donor gov-
ernments. Today, the GAVI Alliance is the largest
source of external funding for several immuniza-
tion programs around the world [35]. In November
2011, complying with the demand of developing
countries, the alliance included the HPV vaccine
in their vaccine list. At this time, the quadrivalent
vaccine manufacturer announced that they could
supply the vaccine at a cost of US$5 per dose for
the GAVI Alliance. In 2012, GAVI opened a round
of applications for vaccine demonstration pro-
grams [36, 37].
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Table 16B.6 Currently eligible countries for GAVI

support
Afghanistan
Bangladesh
Benin
Burkina Faso
Burundi
Cambodia
Cameroon
Central African Republic
Chad
Comoros
Congo

Cote d’Ivoire
Djibouti
Eritrea
Ethiopia
Gambia
Ghana

Guinea
Guinea Bissau
Haiti

India

Kenya

Korea

Kyrgyz Republic
Lao Lesotho
Liberia
Madagascar
Malawi

Mali

Mauritania
Mozambique
Myanmar

Nepal

Nicaragua

Niger

Nigeria

Pakistan

Papua New Guinea
Rwanda

Sdo Tomé e Principe
Senegal

Sierra Leone
Solomon Islands
Somalia

Republic of Sudan
South Sudan
Tajikistan
Tanzania

Timor Leste

Togo

Uganda
Uzbekistan

Viet Nam

Yemen

Zambia
Zimbabwe

Data from GAVI Alliance [cited 2012]. Available from:

http://www.gavialliance.org/

Pan American Health Organization

Revolving Fund

The Pan American Health Organization (PAHO)
serves as the Regional Office of the World Health
Organization in the Americas, and it provides a
program for the acquisition of vaccines, syringes,
and other immunization equipment for their 48
member countries. Countries pay for the vac-
cine, the cost of which is widely negotiated by
PAHO with the manufacturers at a low price [36,
38]. In January 2010, the bivalent vaccine was
offered to PAHO for a price of US$32. However,
since then, there has been a significant reduction
in vaccine prices. In 2012, the average prices for
bivalent and quadrivalent vaccines offered to
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PAHO were US$13.48 and US$14.25, respectively
[38]. The PAHO Revolving Fund is not truly a
funding program, but it allows for a considerable
price reduction for the cost of the vaccines for
member countries.

Gardasil Access Program

The Axios Healthcare Development, a US
nonprofit organization, manages the Gardasil
Access Program (GAP). Through this program,
Merck & CO has pledged to donate at least three
million doses of the quadrivalent vaccine to orga-
nizations or institutions in developing countries.
The guidances are provided by an independent
advisory board comprised of public health experts.
To date, more than a million doses of quadrivalent
vaccine were donated to 22 participants in 20
countries (Bolivia, Kiribati, Honduras, Haiti,
Guyana, Mali, Ghana, Cameroon, Lesotho,
Tanzania, Kenya, Uganda, Georgia, Moldova,
Uzbekistan, Nepal, Mongolia, Buthan, Cambodia,
and Papua New Guinea). In this program, the
doses of vaccines are donations, but, on the other
hand, the costs related to the importation and to the
whole cold chain are the responsibility of the par-
ticipating organizations and institutions [39, 40].

Summary

The development of vaccines for HPV provides a
new perspective on the primary prevention of dis-
eases induced by the virus, especially cervical
cancer. Although both versions of the vaccine
currently available have been approved for use in
more than 100 countries, the number of countries
that implemented HPV public immunization pro-
grams is much lower. It is paradoxical to observe
that the majority of countries that have an HPV
immunization program already implemented are
high-income countries with low cervical cancer
incidence coefficients. Conversely, low- and
middle-income countries, the ones with the great-
est need for the vaccines, currently have limited
access to the vaccines because of the high cost.
Reduction of the vaccine cost is fundamental.


http://www.gavialliance.org/
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Programs that provide financial support, such as
GAVI Alliance and PAHO Revolving Fund, are
essential for the implementation of HPV immu-
nization programs in countries that have few eco-
nomic resources. Additionally, the development
of a second generation of HPV vaccines, created
using new production technologies at a lower
cost, will make it easier to incorporate the vac-
cine in low- and middle-income countries.
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